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In this document, the following color code is used to denote the status of the various herring

stocks.

Green: Denotes a stock that is above the level of abundance at which it is capable of supporting
the maximum sustainable yield (MSY), is not overfished nor being overfished, and which may
be able to sustain limited increasesin catch.

Yellow: Denotes astock that is at or very near the MSY level of abundance, is not overfished,
but cannot sustain an increase in catch.

Orange: Denotes a stock that is currently in an overfished state, i.e., below the level of
abundance at which it is capable of supporting the MSY, but management measures to rebuild it

have been recommended and such measures are in effect.
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Red: Denotes a stock that isin an overfished state, is below the MSY level of abundance, and
management measures have been recommended, but none are in effect.
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EXECUTIVE SUMMARY
|. Atlantic herring

Prior to extension of jurisdiction to 200 miles, many fleets fished herring (Clupea harengus)
throughout the Atlantic with few controls. Atlantic-wide catches peaked at slightly more than 4
million tons in the mid-1960s. Due to heavy exploitation resulting in alower biomass, catches
began to decline. During the late 1970s catches hit alow of about 900 thousand tons. As aresult
of management on both sides of the Atlantic, stocks began to increase and so did catches.
Atlantic-wide catches peaked again at 2.5 million tons in 1997, and after 2000, averaged about 2
million tons per year. Inthe east, after the sharp decline in production, catches increased sharply
from alow of about 600 thousand tonsin 1978 to a high of about 2.2 million tonsin 1997, and
have fluctuated at about 1.8 million tons since. In the west, catches declined from a peak of 800
thousand tons in 1970 to alow of about 166 thousand tons in 1984; since then they have
fluctuated around 275 thousand tons.

Since 1970, Canadian catches have varied between alow of 133 thousand tonsin 1984 and a
high of 279 thousand tons in 1988; after 1988 catches have been declining and in recent years
have been near 160 thousand tons. For the United States fishery, the low was 23 thousand tons
in 1982 and the high 118 thousand tons in 2001, since then they have averaged about 100

thousand tons per year.

The western Atlantic herring populations are managed in Canadian waters by the Canadian
Department of Fisheries and Oceans (DFO), and in U.S. waters by the U.S. National Marine
Fisheries Service (NMFS), the New England Fishery Management Council (NEFMC), Atlantic

States Marine Fisheries Commission (ASMFC), and various state governments.

The western Atlantic, herring is atransboundary species; components of the US stock moving
into Canadian waters at certain times of the year, particularly into the coastal areas of New
Brunswick, and components of the Canadian stock moving into US waters, particularly onto the
US portion of George' s Bank. Because of these migrations, the two nations strive to cooperate in
scientific studies of the transboundary stocks as well asin their management. Therearea
number of arrangements for such cooperation, but much is accomplished through the Canada/US

Herring Steering Committee.
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Management of the species appliesto the five separate Atlantic herring popul ation management
units and the entirety of their range in the northwestern Atlantic from Labrador to Cape Hatteras.
These units are broken down into various components. In US waters, herring are assessed and
managed as a single stock complex with two major spawning components, one in the Gulf of
Maine and another on Georges Bank and Nantucket Shoals. Herring that spawn in the Bay of
Fundy and off southwest Nova Scotia are assessed and managed by Canada asasingle
component; stocks in coastal Nova Scotia, the offshore banks, and areas to as far north as

L abrador are managed separately.

|.A. Canadian herring

The Canadian herring fishery, extending from Newfoundland in the north to the international
border in the south, is grouped into a number of units using the North Atlantic Fisheries
Organization (NAFO) statistical areas.

The most important region in terms of tonnage landed is the Scotia-Fundy Fishery, whichin
2007 accounted for about 55 percent of the total Canadian catch of Atlantic herring. For
purposes of assessment and management, the fisheries in the Scotia-Fundy area are separated
into severa different components: the South West Nova Scotia/lBay of Fundy component
accounts for 54 percent of the catch in the Scotia-Fundy area; the southwest New Brunswick
migrant juveniles account for 34 percent; the coastal Nova Scotia component takes 6 percent of
the catch; and, the Offshore Scotian Shelf banks component accounts for 6 percent of the catch.

In 1983 the Canadian Government introduced a 10-year restructuring program for the purse-
seine fleet, which assigned transferable quotas as an incentive to reduce fleet size. 1n 1995 a
survey, assess and then fish protocol was introduced as a management tool, which involves
surveying the herring on the fishing (spawning) grounds using acoustical techniques, assessing
the abundance, and fishing that abundance so as not to exceed 20 percent of the available fish.
The following licenses were issued: 266 weir and trap, 40 purse seine, one mid-water trawl, 43
drag seine, 87 for transport, 190 recreational, of which 25 were aboriginal licenses, and 1,101

bait licenses.

The second most important region in terms of tonnage is the Gulf of Saint Lawrence, which

accounts for 22 percent of the catch. Prior to 1993 catches were minor, but thereafter they
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reached a peak of 73 thousand tonsin 1995, declining to about 37 thousand tons in the most

recent years.

The herring fishery in Newfoundland is the third most important, accounting for 14 percent of
the Canadian east coast harvest. Since 1995, catches have shown no trend, fluctuating around 20
thousand tons annually. The fishery harvests herring from three spawning components, the
western, eastern and south coast stocks.

The fishery of Prince Edward Island is the fourth most important herring fishery in eastern
Canada. Between 1995 and 2001 catches increased from about 12 thousand to about 20
thousand tons. After 2000 they began to decline and in 2007 the catch was about 12 thousand

tons.

Waters of Quebec Province provide the remaining 2 percent of the Canadian Atlantic herring
harvest. Harvests are from three main regions, Gaspé, Magdaline Island, and North Shore, with

more than 90 percent coming from the Gaspé area.

A portion of Georges Bank lies within Canada’' s EEZ, and in the past, Canadian vessels have
harvested herring from the area. However, there have been no Canadian harvests of Georges

Bank herring over the past several years. The fishery isincluded in the Gulf of Maine complex.

The stocks of herring are assessed within and among these areas based on homogeneity of the
animals and the fisheries. However, detailed analytical stock assessments are conducted only for
the South West Nova Scotia/ Bay of Fundy spawning component; for the other components only

reviews of fishery and biological data are carried out in order to monitor stock status.

|.A.1l. Statusof the stocks

Within each of the components of a fisheries management unit, there are a number of separate
spawning components. These spawning components are defined based on their similaritiesin
spawning areas and times, and on common larval distributions. Generally speaking, spawning
areas that are close to each other geographically and temporally, and which share similar larval
rearing areas, are considered to comprise the same spawning component, since they are more

similar than spawning areas separated in time and space, and which do not share the same larval
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rearing areas. Fish from the various spawning components mix to some degree during the non-
spawning season, but then segregate and return to their respective spawning areas. For each of
the fisheries, severa spawning components have been defined, and stock assessments and

subsequent management recommendations are based on their makeup.

Two principal approaches are used to assess the status of Canadian herring stocks: vesseal surveys

and virtual population analysis.

Vessel surveys rely on automated acoustic recording systems operated from commercial herring
vesselsto quantify the distribution and abundance of herring. Two types of surveys are used,
structured surveys and fishing excursion surveys. The structured surveys, which follow a
standard protocol, involve commercial vessels following a series of randomly selected transects
within a pre-defined area. Industry vessels have conducted these surveys seasonally throughout
the spawning season at approximately two week intervals since 1977. The excursion surveys do
not follow a standard protocol, but involve commercial vessels using automated acoustic logging
systems during the search phase of afishing excursion. These systems are activated when the

vessels encounter concentrations of herrings.

There are several concerns regarding possible errors or biases in the results from surveys. These
are: 1) how assiduously the vessel captains follow the parallel survey lines; 2) target uncertainty
emanating from interference/ noise patterns and distinguishing the target from the bottom, and;

3) the residence time of the spawning aggregations on the spawning grounds. It isassumed that
spawning herring arrive on the spawning grounds in waves, and do not remain on the grounds for
more than 10-14 days; thisis why the schedule of surveysis based on two week intervals.
However, there is some evidence from tagging and maturity data that spawning aggregations
may in some cases, stay on the grounds longer than two weeks. Using thisindustry collected

data, the spawning biomass of herring stocks are regularly estimated each year.

Virtual Population Analysis (VPA) is amodeling method commonly used in fisheries science for
reconstructing historical fish numbers at age using information on death of individuals each year
caused by fishing and natural mortality. By using the number of fish caught each year from a
year class and the rate of mortality, it is possible to reconstruct the size of the year class. The

essential data used in VPA studies include data on total catch, samples representing the size
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composition of the catch, and data on size at age which can be used to partition catch into age
groups. Critical to the efficiency of the analysis are the estimate of natural mortality and growth.
To the degree these are poorly estimated the results are unreliable. Natural mortality is
notorioudly difficult to measure accurately. Output from the VPA analysis are estimates of
fishing mortality, recruitment, and biomass, all of which can be used to calculate yield-per-
recruit isopleths and total yield curves. The aging of herring isacritical part of VPA. Age has
been estimated by counting annuli in otoliths. It has been surmised that ages may be
underestimated using this technique. If ageis underestimated, thiswould likely result in
underestimating biomass and overestimating fishing mortality. These possibilities are being
investigated, and the outcome can have a significant effect on the status of the herring stocks.

In this document the status of Canadian herring stocks as based on analysis trough 2007 and as
presented by DFO scientistsis reviewed. With the exception of the information presented in
Annex |, it is not the intention to present independent assessments. Because Bumble Bee Foods
purchases most of its herring from the SW Nova/Bay of Fundy stock, and the New Brunswick
migrant juveniles, the emphasisin this section will be on these stocks; however, as some small
amounts of product derive from the Western Newfoundland and Offshore Scotian Shelf Banks
Stocks, they will be discussed as well.

. A.la South West Nova Scotia/Bay of Fundy Component

The fishery on the South West Nova Scotia/ Bay of Fundy spawning component (4WX) operates
under atotal allowable catch (TAC) limitation applied by DFO.

Considerable effort is devoted to collecting acoustical information from fishing vessels which
can be used for computing indices of spawning stock biomass. For example, there were atotal
of 26 structured surveys conducted during 2007, which included 133 boat nights from atotal of
61 vessels. An additional 10 surveys were conducted in order to increase coverage or to ensure
that newly observed groups of fish were recorded. Additional acoustical data was collected by
fishing vessels during their normal fishing operations. Using these data, the spawning biomass
of the 4WX herring stock complex was estimated for 1999-2007, and these estimates used in
determining the status of the stock. Because of the concerns mentioned above, it is difficult to

have great confidence in the absolute magnitude of the estimates of biomass, but there can be
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greater confidence in their use as relative indices of abundance. These concerns
notwithstanding, the biomass estimates are coupled with catch statistics to calcul ate exploitation

rates, which is the proportion of the stock taken by fishing.

A VPA analysis was completed in 2005 for the 4WX component. For the analysis, a natural
mortality rate (M) of 0.2 was used. Because the trends in biomass estimated from acoustic
surveys were similar to those estimated by the VPA model, they were used to tune or calibrate
the VPA model. Two VPA runswere made. The results from two different runs of the VPA
model were similar, except that for one the estimates of biomass and numbers of fish were higher

and F was lower than for the other.

Because of the growing fleet capacity in the Canadian herring fishery, and declining per vessel
production and profitability, the Canadian Government assigned individual vessel quotas for the
herring purse-seine fishery, and in 1977 set TACsfor the 4WX herring fishery. TACs were set
between 80 and 100 thousand tons during 1979 to 1985; thereafter they were increased and
varied between 57 and 151 thousand tons until 2005 when they were set at 50 thousand tons.
During the first several yearsin which TACs were implemented, catches generally exceeded
them, but after 1985 they conformed more closely to the TACs.

The two primary methods used for assessing the 4WX herring results in two different
conclusions regarding the status of this component:

The acoustic surveys estimated the spawning stock biomass (SSB) to have been around 500
thousand tons during 1999-2004, at alow of 233 thousand tons in 2005, then to increase in 2006
and again in 2007 when it reached 384 thousand tons-about 12 percent lower than the overall
average of 436 thousand tons. The VPA results estimated the SSB to have fluctuated between
250-350 thousand tons during 1965-1984, then peak at about 700 thousand tonsin 1987, and
then to decline to 75-50 thousand tons in 2005, dependent on which of the 2 different VPA
analyses was chosen. Because the first reliable acoustical estimates were made in 1999, they
cannot be compared with the VPA estimates prior to that date. However, for the period after
1999 the trends in both estimates were similar, showing stock abundance to decline by about 50
percent between 1999 and 2004. The magnitude of the VPA and acoustical estimates of
abundance were quite different for 1999-2004, the former estimate being about 100 thousand
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tons and the later estimate being about 500 thousand tons. The acoustical estimates show
abundance increasing by about 65 percent in 2007 when compared to the low of 2005. Since
there has been no update of the 2006 VPA, it is not possible to extend the comparisons beyond
2005. Based on the similarity between the trends in abundance for 1999-2005 it would be
expected that the VPA would show a similar increase in abundance for 2006 and 2007 to that
seen in the acoustical estimates.

The estimates of fishing mortality from the VPA reflect amuch higher level of exploitation than
the estimates using the acoustical biomass and catch. During 1965 to 1985, the VPA estimates
of F averaged about 0.45, decreasing to alow of 0.18 in 1986, and then steadily increased to a
high of 2.2 in 2004, these represent exploitation rates of 0.33, 0.15, and 0.83 respectively. In
2005, F took a precipitous slide to 0.85 (E=0.53). The exploitation rates computed using the
acoustical estimates of biomass and the corresponding catches, are much lower than the VPA
estimates. The average exploitation rate computed f rom the survey data for the period 1999-
2007 is 16 percent (F = 0.19); it peaked in 2005 at 21 percent (F =0.26) and declined to 13
percent (F = 0.13) in 2007, itslowest level in the series. In fact, the analysis suggests that the
fishing mortality rate has been very near the DFO strived for rate of FO.1 for the 4AWX
component, which is equivalent to an F of 0.22 and an E of 18 percent, and that the decreasein E
during 2006 and 2007 islikely due to the reduced TACs which were implemented in 2005.

There are no MSY -based stock reference points such as Beyrrent/ Bmsy, SSBcurrent/ SSBmsy, and
Feurrent/ Fimsy, that can be used to measure against the current stock size. The only possible
reference point is Fo 1, but the results between the VPA and acoustical estimates are widely

divergent.

On the one hand, if the VPA is assumed to reflect the condition of the 4WX component, then it
most likely cannot sustain the levels of fishing mortality exerted during the most recent years of
the fishery. Under this scenario overfishing would be occurring and stock abundance would
decline, aswould catch. However, if the sharp decline in fishing mortality seen in 2005 had been
repeated in 2006-2008, then the stock would be rebuilding and overfishing not occurring. With
respect to estimates of biomass, the stock could be in an overfished state based on the level of
abundance during 1995-2005 compared to before 1995. On the other hand, if the acoustical
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survey data better reflect the condition of the component, then fishing mortality is very near the
“strived for” target of Fo1, stock abundance isincreasing to 1999-2004 levels, and current levels
of harvest should be sustainable. In this scenario overfishing is not taking place and the stock is

not in an overfished state.

Because of the difference between the results from the two analytical approaches, it is uncertain
asto whether overfishing is occurring or whether the stock isin an overfished state. Therefore,
from a precautionary point of view, the stock should be considered fully exploited, and at
current levels of recruitment and size composition, increased effort will likely not result in

sustained increases in catch.

I.A.1lb  New Brunswick coastal component

Catches in the New Brunswick coastal herring fishery over the past 20 years have varied
between 9 and 39 thousand tons annually, and in 2007, was about 31 thousand tons, most of
which is taken by weirs, and is comprised of predominantly 1-3 year old fish.

The fish taken in this fishery were all originally considered to be migrants from the Gulf of
Maine/Georges Bank Atlantic Herring Stock Complex, which is assessed and managed as a
single stock complex. Currently, the Herring Fisheries Management Plan (FMP) for the U.S.
assumes that 20 thousand tons of herring from the inshore component of the Atlantic herring
resource will be taken annually in the New Brunswick welir fishery. Thisassumed catchis
subtracted from the available yield from the inshore component of the resource before TACs are
determined for management areasin the U.S. EEZ. The New Brunswick fishery has not been

included in the 4WX management program, and there are no TACs set for it.

Based on their analyses, scientists of the U.S. NEFMC have concluded that the U.S. herring
stock is capable of supporting a maximum sustainable yield (MSY) of 194 thousand tons; an
overall catch quota of 145 thousand tons has been set for the fishery. Current fishing mortality
on the stock is estimated to be less than FO.1, and well below the level needed to harvest the
MSY, The U.S. scientists consider the stock to not be overfished, nor that overfishingis
occurring. These conclusions therefore apply to the component of the stock supporting the New
Brunswick juvenile fishery. Nevertheless, U.S. scientists have expressed some concern over the

increasing concentration of fishing effort in the inshore Gulf of Maine region and the fact that
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retrospective analysis suggests that in the terminal year, biomass may be overestimated and
fishing mortality underestimated.

|.A.l.c Offshore Scotian Shelf Banks

The offshore bank herring are considered to be a separate group for management purposes. This
areawas heavily fished by distant water fishing nations during the 1960s and early 1970s and
probably resulted in overfishing. Canadian fishermen did not begin to harvest herring on the
bank until 1996 when about 12 thousand tons were captured. Since then catches have fluctuated
between a high of 20 thousand tonsin 1997 and alow of one thousand tons in 2003, the average
since 1996 being near 8 thousand tons per year. DFO scientists have stated that “ The variability
in catch levelsis often due to problems of fish being too deep, weather and market conditions
rather than in the abundance of herring”. Also, the herring taken in this area are usually

relatively large fish mostly adults >23cm, with 37 percent being larger than 30cm.

Data with which to assess the abundance of herring on the Bank has been very limited. Bottom
trawl surveys are periodically conducted, and these have shown a pattern of increasing
abundance during the 1990s, peaking in 2004, and then declining thereafter to near the lowest
level in the series. However, there are a number of problems with these data that make them
unreliable indicators of abundance. Consequently, there continues to be poor information with
which to estimate stock size, distribution, and spawning behavior for this component. This
makes it difficult to assess the status of the Offshore Scotian Shelf component. However, based
on average catches taken from the area during 1963-1973 ajoint consultation with industry and
management resulted in setting a 12 thousand ton catch limitation. Based on what little
information has been currently available, DFO scientists have concluded that thereis *no reason
to change the previous recommendation that theinitial catch alocation for 2008 should not
exceed the 12,000t as described in the fishing plan.” This conclusion implies that the current
level of harvest for the Offshor e Scotian Shelf component is sustainable and based on recent
average catches can likely be increased somewhat.

|.A.ld Western Newrfoundland

There are 3 major fishing areas for Newfoundland herring, the western fishery, the eastern
fishery, and the southern fishery. Inthe west coast of Newfoundland fishery, two herring stocks
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are exploited in separate locations during spawning aggregations, and collectively during April
to December when they mix. Over the past 12 years, herring landings on the west coast of
Newfoundland have varied between about 11 thousand and 21 thousand tons annually. Since
1999, when the lowest landings in the series were experienced, catches have steadily increased
reaching their highest point in 2008. The TACs, which were set each year at between 13
thousand and 22 thousand tons, were mostly greater than the catch. In 2008 the catch exceeded
the quota by about 4 percent.

DFO has not conducted acoustic surveys to measure abundance of the two spawning stocks of
herring in western Newfoundland since 2002. However, some information on presence or
absence of herring is collected during bottom trawl surveys. Such information is not useful for
indexing or estimating the abundance of herring, but even though catches are small the data are
useful for computing dispersion indices with which to study the changes in distribution of the
herring populations. Thisindex has varied only marginally during the 1990s; nevertheless, it has
shown a considerabl e increase between 1998 and 2001, followed by adrop in 2003 and 2004,
and aglight increase in 2005. In the most recent assessment report of western Newfoundland
herring, DFO scientists state that “Without an abundance survey, thereis no anaytical
assessment (Sequential Population Analysis or SPA) being carried out on the two herring
spawning stocks of the west coast of Newfoundland. Consequently, it is no longer possible to
calculate their respective abundance, fishing mortality, a minimum biomass limit or even a new
TAC".

Thereisagreat deal of uncertainty regarding the status of the west coast Newfoundland herring.
Because of the lack of acoustical survey datathere is uncertainty in the size of the two spawning
stocks and alack of information on the size, number and location of the spawning grounds. The
current TAC of 20 thousand tons has been maintained since the last assessments donein
2003/2004. Dueto the lack of continuing surveys and the consequent inability to assess the
status of the two stocks, DFO is taking measures to distribute effort along the coast and over the
entire year to conserve the western Newfoundland herring stocks. Thereisagreat deal of
uncertainty regarding the status of the Newfoundland stock, therefore from a precautionary point

of view it isconsidered to be fully exploited.
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The status of the Canadian stocks is summarized in the following table:

Component Status 2000-2007 M ean Catch
4AWX 68,708
NB Weir 16.933
Offshore Scotian Shelf _ 5,918
Western Newfoundland 15,120

|.A.2. Conservation and management

Conservation and management of Canadian Atlantic herring is the result of ajoint effort between
the government of Canada and the Canadian herring industry. Although the government has the
primary and full responsibility for management of herring, the co-management effort relies on
the industry to take an active part in not only collecting statistical and biological information on
the fishery, but being involved in the formulation and assessment of science programs and
management measures. The details of management are set out in Integrated Herring
Management Plans (IHMP). Different IHMPs are written for the different fisheries. A working
group of industry representatives from the Scotia-Fundy Herring Advisory Committee (SFHAC)
and staff members of DFO worked together to draft the S-F IHMP. The 2003-2006 planisa 3-
year rolling or evergreen plan; at the expiration of each year of the plan another year will be
added so that it always remains active for a 3-year period. Management plans are amended as

required to update quotas and management measures.

With the exception of the coastal New Brunswick juvenile fishery and the coastal Nova Scotia

spawning component, the other fisheries are controlled by quota, or TAC.

All purse-seine vessels are required to carry on board an operating Vessel Monitoring System
(VMYS), or an authorized observer.

The Offshore Banks resource is harvested competitively under a quota or allocation of 12
thousand tons, and Georges Bank under a Canadian allocation of 20 thousand tons. Because the
New Brunswick weir fishery captures juveniles that have been considered to come mostly from

the Gulf of Maine stock in the U.S,, there is no quota set on the harvest.
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Target catches are achieved through systems of quotas and closed times and areas. To ensure
that specific spawning components are not too heavily fished, the survey, assess, and then fish
protocol isused. The protocol involves acoustic surveys, ng the abundance of the
individual component, and then controlling the fishing so as not to remove more than 20 percent
of the estimated abundance of the spawning component being assessed and harvested. Fishing at
this level would be expected to be very close to the “strived for level” of fishing mortality of Fo .

In keeping with its obligation to Aboriginal fishing rights, First Nations are alocated a certain
portion of the licenses authorized by DFO. Additionally, most of the First Nations have access
to herring in their communal food, social and ceremonial license and are actively involved in the
science and management of herring fisheriesin the area.

The effectiveness of the management system is evaluated in general, against biological
objectives in the management plan. Persistence of all spawning componentsis one of the very
important objectives, because if spawning components are lost or placed in jeopardy, the
viability and sustainability of the overall stock isweakened. The acoustical surveys showed the
biomass of each component to have increased slightly during 2006 as compared to 2005, but

biomassis till at low levels compared to earlier years.

The VPA estimates F to be considerably higher than Fy 1, which would indicate this strived for
management objective is not being met. The acoustical estimates of exploitation rate and F are

near Fo 1, which would indicate the strived for management objective is being met.

DFO has been very successful in reducing fishing capacity to alevel that is closeto being in
balance with the ability of the resource to sustain designated levels of harvest. The introduction
of Individual Transferable Quotas (ITQs) inthe major gear sector has allowed the industry itself
to seek adjustments to capacity as the dynamics of the fishery change. These approaches to
rights based management in the Canadian herring fishery are an example used by many other

fisheriesin the world striving to bring balance between the resources and fishing capacity.

To ensure that its fisheries regul ations are complied with the Canadian government maintains a
vigorous program of enforcement which deals with domestic laws and international

commitments. Dockside monitoring and areal over-flights are an important component of the
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enforcement program. All herring vessels are required to participate in aVMS program and to
regularly report on their fishing activities.

In carrying out its responsibilities for managing Canadian fisheries, and responding to the need
to stay current with the demands of efficient enforcement, monitoring and control, and in an
effort to achieve improved compliance, DFO, has continually improved and updated its system
for achieving these ends.

In general, DFO does a good job of ensuring that the herring fleets comply with all laws and
regulations governing the fishery. The herring industry partners with the government to facilitate

this compliance.

|.A.3. Bycatch, discards, and ecosysten impacts

DFO and industry have maintained an observer program, which provides information on bycatch
in the herring fisheries; in general, the data show bycatch to be quite low. In arecent report,
DFO summarized observer datafor purse-seine vessels for 1991-2006, and showed that spiny
dogfish and mackerel comprise the greatest part of the bycatch in terms of weight, followed by
sliver hake, cod and a variety of other miscellaneous species. Paired mid-water trawls showed
the highest bycatch, but the sample was very small, and gillnets showed the least bycatch. About
30 percent of the observed gear deployments resulted in some bycatch, but the total amount of
bycatch relative to the total targeted herring catchesis very low, averaging for the period
examined about 0.5 percent, and ranging between 0 and 1.8 percent. These bycatches are
generally discarded, and in fact, when a set results in a high proportion of bycatch, the contents
of the set are not brought aboard, but are discarded, including the herring. These discards are
generally made before mortality in the set occurs.

Marine mammals are periodically captured during the fishing operation in both purse-seine
vessels and weirs, however, the incidence of captureis not high, only 5 observed captures out of
1730 observed sets, and the animals are amost always released unharmed. Birds are rarely taken
as abycatch in the herring fishery, and the bycatch of turtles in the Canadian herring fishery is

believed to be quite low or non-existent.

Herring is an important component of the diet of many species of fish, birds and mammals that
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share the same ecosystem, and is considered by many to be a keystone forage species; this means
itisacritica component of energy pathways throughout the various trophic levelsin the
ecosystem. Thisissue of the importance of herring as aforage species in the ecosystem is of
great concern to the stakeholders concerned with the Canadian herring fisheries. The question to
be answered is does the management system allow for enough of the stock to escape harvest so
asto provide for adequate forage for the predator speciesin the trophic network? It isassumed
by management that if the 0.2 natural mortality rateis correct, and the SSB is maintained at
moderate to high levels, there would be sufficient herring to fulfill its role as a keystone forage

Species.

|.B. U.S herring

Atlantic herring which spawn in the Gulf of Maine (GOM) and on Georges Bank are harvested
infivemgjor U. S. fisheries: coastal Maine, New Hampshire, and Massachusetts;, Nantucket
Shoal s/Georges Bank; Southern New England; Mid Atlantic; and along the New Brunswick
coast. An unknown portion of GOM herring are also caught in the Canadian Bay of
Fundy/Southwest Nova Scotia (4WX) fishery, although the numbers are assumed to be small.

Following the extension of jurisdiction, U.S. flag vessels began to enter the U.S. fishery in
increasing numbers and since 1990 catches from them have varied between about 80 and 133
thousand tons; after the peak catch of 133 thousand tons in 2001 catches declined to about 80
thousand tons in 2007.

The herring exploited in U.S. waters are considered to be part of a single population within
which there are a number of different spawning components. The herring separate during
spawning but mix during feeding and over-wintering periods; assessments are conducted for the
entire population as asingle unit. However, in order to allocate fishing effort to various
components of the population, for purposes of management the fishery is separated into four
different geographical areas. Catch statistical datais compiled by area and management
measures formulated for each of them. During 2007, approximately 60 percent of the harvest
was from area 1A, which is near-shore New England, 9 percent from 1B, 19 percent from area 2,

and the remainder from area 3.

During 2006 and 2007 about 53 percent of the catch was taken by pair mid-water trawl, 27
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percent by purse seine, 13 percent by single mid-water trawl, 5 percent by bottom trawl, and the
remainder by avariety of other gear.

|.B.1. Statusof the stock

Although in the past there were considered to be two separate stocks of herring in U.S. waters,
onein the Gulf of Maine and the other Georges Bank including Nantucket Shoals, current
genetic studies provide no evidence of separation. For assessment purposes the resourceis
considered asingle unit. A variety of approaches have been used over the years to assess the
impact of fishing on the population of herring, and to estimate trends in stock abundance. These
have included larval surveys, acoustical and trawl surveys, and production and aged structured

modeling.

Data from larval and acoustical surveys have been used to index the abundance of herring stocks.
Trends in the abundance of larval herring reflect a high abundance before the collapse of the
fishery in the mid-1970s and increased abundance after the 1980s when the fishing mortality was
substantially reduced. Thelarval data also showed a contraction in the distribution of larvae
during the 1970s and early 1980s throughout its historic range, and an expansion to its former

range after reductions in fishing mortality.

Results from the acoustic and bottom surveys corroborated other evidence showing that depleted
stocks of herring were rebuilding and inhabiting areas where they had previously been abundant.
The indices of abundance from the surveys reflect the collapse of the fishery during the 1970s
and the rebuilding beginning in the mid-1980s, and showed that by the early 1990s abundance
peaked and generally stayed high since, but with a high degree of variability.

A number of analytical approaches have been used to assess the status of the herring stocks
found along the eastern seaboard of the United States. Early modeling efforts documented the
decline in herring abundance in the early and mid-1970s and the growth after 1980. The most
recent full assessment, using VPA, forward projection analysis, and Adapt modeling, utilizing
updated catch at age, and spring survey indices to tune the model, was completed in 2004, with
some updates to 2006. The data showed that in the late 1960s, total biomass averaged about 1.3
million tons, but once heavy exploitation commenced it declined precipitously and reached a low

of less than 100 thousand tonsin the early 1980s. During the 1980s biomass began to increase
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and reached a peak of nearly 2 million tons during the last few years estimated in the analysis.
The modeling was used to estimate yield-per-recruit reference levels, which were: F1=0.18,
Fmax=0.4 and F400=0.15; a 2006 update of these gave Fo1= 0.21 and F4= 0.20. The other age
structured modeling analyses showed similar results. Estimates of fishing mortality showed
increases from the late 1960s through the late 1970s, reaching 1.1 in 1980, declining after 1980,
and averaging 0.3 during 1983-1997. Recent F' s have been mostly less than 0.2.

General production models, one symmetrical and the other asymmetrical, were used to estimate
surplus production parameters for the herring stock. Results were very close: for the symmetrical
and asymmetrical models Bysy equaled 1 million tons and 0.9 million tons; MSY equaled 243
thousand tons and 222 thousand tons, and Fysy equaled 0.24 and 0.25, respectively. A
subsequent analysis with the asymmetrical model estimated MSY at 194 thousand tons, Fysy at
0.31, and Bysy at 629 thousand tons. These analyses suggest that overfishing was occurring
from 1961 to 1977, and subsequent to 1981 the catch was generally substantialy less than the
estimated surplus production, indicating the stock was rebuilding. Since the 1980s catches have
been lessthan MSY.

The Gulf of Maine-Georges Bank herring have recovered from the collapse in the early 1970s
and is now at about one million tons, a pre-collapse level, which is substantially above the Busy
level of about 630 thousand tons. Fishing mortality in recent years has remained low, averaging
about 0.1, which isless than Fysy of 0.31, and Fo; of 0.21. Based on analyses up to 2007, the
Gulf of Maine-Georges Bank herring complex isnot in an overfished state nor is
overfishing occurring.

Even though overfishing is not occurring for the component in genera, there is some concern
that has been expressed that the inshore portion of the Gulf of Maine stock may be unable to
sustain increased fishing pressure over the long term, and in fact may not be able to sustain
current levels of fishing. Considering all of the foregoing analyses, and from a precautionary

point of view, the stock is considered to be fully exploited.

|.B.2. Conservation and management

The NMFS, NEFMC, and the individual states through the ASMFC, share responsibility for

management of herring in U.S. waters. Within the NEFMC an oversight committeeis
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responsible for formulating management recommendations for herring. Fisheries management
plans (FMP) are to ensure high levels of spawning biomass, stable recruitment, and maintaining
juvenile herring abundance. The FMP forms the basic management document and a series of
amendments and addenda layout specific management measures and regulations. The stated goal
of the FMP is to manage the Atlantic herring fishery at long-term sustainable levels consistent
with the National Standards of the Magnuson-Stevens Fishery Conservation and Management
Act. Because herring are atrans-boundary species it was recognized that both the U. S. and

Canada would benefit from the development of complementary management measures.

TACs are alocated to each of the previously mentioned four management areas based on the
optimum yield (OY). The alowable biological catch (ABC) is generaly set at the MSY level,
and the OY something less than that to allow a buffer to offset the risk of overfishing individual
stock components and to encourage the offshore fishery; it also allows for the importance of

herring as a forage species.

The current FM P was implemented in 1999, and there have been three amendments to the 1999
FMP, and to these amendments there have been several regular and technical addenda
implemented. The primary goals of the 1999 plan areto: achieve, on a continuing basis,
optimum yield (OY) for the United States fishing industry and to prevent overfishing of the
Atlantic sea herring resource; provide for the orderly development of the offshore and inshore
fisheries, taking into account the variability of current participantsin the fishery, and; provide
controlled opportunities for fishermen and vessel in the other mid-Atlantic and New England

fisheries.

A maximum fishing mortality of Finresnold=0.3 Is designated in the 1999 FMP, and the
corresponding minimum biomass level is established as one half the biomass at MSY. When the
total biomass is greater than that corresponding to the MSY level, the target fishing mortality is
defined as F=0.28, however, when MSY isless than that amount, target fishing mortality is
determined based on a schedule requiring five years to rebuild the stock to the MSY level.

One of the major features of Federal Amendment 1 was the establishment of alimited access
program in the herring fishery. There are four permit categories: 1) limited access permit for all

management areas, 2) limited access permit for accessto Areas 2 and 3 only; 3) limited access
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incidental catch permit for 25 tons per trip; and 4) an open access incidental catch permit for 3

tons per trip.

For the 2007-2009 fishing years, the allowable biological catch (ABC) was set at 194 thousand
tons annually, which is consistent with the MSY estimated at 194 thousand tons. The optimum
yield (OY) values was set at 145 thousand tons, allowing a buffer of 29 thousand tons between
ABC and OY (including 20 thousand tons for the Canadian catch). The buffer isto offset the
risk of overfishing individual stock components and the extent to which the offshore fishery
might be encouraged; it also allows for the importance of herring as aforage species. The QY is
allocated as TACs to the management areas as follows: Area 1A-50 thousand tons, Area 1B-10
thousand tons, Area 2-30 thousand tons, and Area 3-55 thousand tons.

Comparing the current status of the stock with various reference levels demonstrates that the
management program for herring is achieving its objectives. Fishing mortality since 2002 has
been about 0.1, a value substantially |ess than Fysy=0.31, and less than F1=0.21, and catches
have consistently been less than the MSY level; these low Fs and catches have allowed the stock
to rebuild to high levels of abundance. The current estimates of biomass put the stock near one
million tons, which is substantially greater than the estimated MSY biomass of 629 thousand
tons. The status of the Gulf of Maine-Georges Bank stock is shown in the following table:

Component Status

Gulf of Maine/Geor ges Bk

|.B.3. Bycatch, discards, and ecosystern impacts

Herring fishing vessels sometimes discard herring during fishing operations; there are a number
of reasons for doing this, but often it is associated with catching more herring during the final
haul than there is space on board to storeit. Based on observer trips,herring discarded to the sea
after capture, was about 2.4 percent of the total catch of herring during 2005. The next greatest
level of discards was for dogfish, and these represented 0.2 percent of the total catch of herring.
These numbers are quite low and are not considered to be a threat to the health of either the

herring or dogfish populations.
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There has been general concern expressed over the potential effect of herring removals by the
fishery on species of marine mammals, birds, and finfish that consume herring as a normal part
of their diet. It isdifficult to evaluate the impact of herring fisheries on the availability of forage
for predator species, but analyses have shown that the amount of herring consumed by predator
species has been proportional to the abundance of herring over the history of the fishery

Marine mammals and marine turtles, as well as some species of seabirds are occasionally taken
in herring fisheries, but the numbers are quite low: almost no turtles; very few mammals, which
are mostly released alive, and some birds, mostly gannets. The NEFMC has determined that
these catches do not pose athreat to the health of these species.
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1. Introduction

The purpose of this paper is to provide information on the status of herring stocks, along with
information on the fisheries and management systems impacting them,. The paper will review
the institutions that are responsible for the scientific study and management of Atlantic herring
stocks in Canada and the United States, their status, what management programs are in effect for
their conservation, how compliance and enforcement is carried out, and how effectiveitisin

preventing illegal fishing, and special issues regarding bycatch.

A variety of sources were used to obtain information for this study, particularly the work of
Michael Powers and his colleagues at DFO William Overholtz and his colleagues at NMFS. The
Marine Stewardship Council pre-assessment report on Canadian herring was also referred to and

information from it utilized.

1.1. Thefish

Herring are members of the family of fishes called clupeids. There are many species that fall
within this classification, but the most common and important commercial ones are the herrings,
sardines, shad, and menhaden. There are two species of herring belonging to the Genus Clupea:
C. harengusin the Atlantic and C. pallasi in the Pacific. Inthe western Atlantic herring are
usually found in waters lying between 35-55°N or roughly from Cape Hatteras, South Carolina
to Labrador, and in the eastern Atlantic between 40-706N or in the northern part of the Bay of
Biscay, north to Iceland and southern Greenland, east into the Baltic, and in the Arctic.

Herring have been known to live up to 20 years and reach a size of 45cms (18 inches) athough
fish greater than 10 years of age are relatively rare. They associate in tightly formed schools and
feed primarily on plankton; most have reached sexual maturity by about 4 years of age and a
length of 25cm (10 inches); although age at maturity seems to vary annually and to be affected
by population density. Spawning can occur from April to November, but is concentrated mostly
between July and September. The fertilized eggs are adhesive, attached to the bottom in layers
several inches thick, and in water of 5-90 metersin depth with strong tidal currents. Herring
often return to the same locations to spawn, with multiple waves of fish passing over the
spawning grounds during a single spawning season. Fecundity varies with size; asingle female
spawning between 20 thousand and 250 thousand eggs. Incubation is temperature dependent,
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but usually occursfor 7 to 10 days. The larvae are 4-10 mm long at hatching and metamorphose
by late spring into juvenile brit herring that may form large aggregations in coastal waters during
summer. By age 2, juvenile herring are fully vulnerable to fixed and mobile gear coastal

fisheries.

Herring grow rapidly during the juvenile stage, but generally growth slows as the fish become
sexually mature and more energy is put into reproduction and less into growth. A 2-year old
herring is generally about 15 cm (~6 inches) in length, a 3-year old 22 cm (~9 inches), and by 4-
years of age reach alength of about 25 cm (~10 inches).

Herring make regular migrations among feeding, overwintering, and spawning grounds and in
the western Atlantic travel from waters of the United States into Canadian waters, and back.
They seldom migrate seaward beyond a depth of about 100 meters, and usually inhabit waters
closer to the surface than the bottom; however, they do make vertical migrations spending more
time in deeper water during the daylight hours. Different spawning components mix with other
components on the feeding and overwintering grounds, but segregate and return to their natal

spawning areas during spawning season.

2. Utilization

Herring have been an important component of the diet of early inhabitants along the coasts of
Europe and North Americafor thousands of years. Important commercial fisheries have
operated throughout the range of herring since the 18" century, and to this day herring is one of

the most popular seafoods in many cities of the world.

Herring are sold as steaks, kippers, and are one of many species sold as canned sardines. In the
U.S. and Canada, herring support a substantial bait industry for lobster, blue crab and tuna

fisheries.

Atlantic wide catches of herring have fluctuated between 900 thousand and 4 million metric tons
since 1960 (Figure 1). Prior to extended jurisdiction to 200 miles, many fleets fished herring
throughout the Atlantic with few controls. Catches peaked at slightly more than 4 million tonsin
the mid-1960s. Due to heavy exploitation, resulting in alower biomass, catches began to

decline. During the late 1970s catches hit alow of about 900 thousand tons. Asaresult of
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management on both sides of the Atlantic stocks began to increase and so did catches. During
the last few years, catches have average about 2.2 million tons annually. Slightly less than 10
percent of the catch comes from the western Atlantic. The majority of catch from the eastern
Atlantic is made by Norway and I celand, who together account for about 50 percent of the
harvest. Inthe western Atlantic fishery the Canadians take more herring than does the U.S.

Figure 1. Atlantic-wide catches of herring (From FAO)

After the sharp decline in production on both sides of the Atlantic in the 1970s, catches increased
sharply in the east from alow of about 600 thousand tons in 1978 to a high of about 2.2 million
tonsin 1997 and have fluctuated at about 1.8 million tons since. In the west, catches declined
from a peak of 800 thousand tonsin 1970 to alow of about 200 thousand tonsin 1994; since
then they have fluctuated around 275 thousand tons (Figure 2).

Since 1970, Canadian catches have varied between alow of 133 thousand tons taken in 1984 and
a high of 279 thousand tons taken in 1988 (Figure 3). Since 1988, catches have been declining
and in recent years have been near 150 thousand tons. For the United States fishery, the low was
23 thousand tons in 1982 and the high 118 thousand tons in 2001. United States catches
increased between 1981 and 2001, but have been decreasing since.
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Populations of herring type fishes (engraulids and clupeids) are known to undergo wide
fluctuations in abundance that are independent of the affect of fisheries, but are driven by major
shiftsin climatological and oceanographic features. There are some studies that suggest the
large changes in abundance observed in herring populations of the north Atlantic may be the
result of such shiftsin physical features of the environment, but there is a high degree of

uncertainty in these conclusions.
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Canadian and United States herring catches.

3. How herring are captured

Indigenous peoples used weirs to capture herring long before the advent of modern civilization.
A welr isatype of fish trap constructed of wood and netting, and placed aong the coastline
where schools of herring pass. Weirs still form a significant component in the commercial
harvest of herring, but due to coastal developments and possibly pollution their significance as a

major fishing gear is declining.

Gill nets, both fixed and drift types, are next to weirs as one of the oldest methods of catching
herring. They are still an important gear used in modern herring fisheries.

Purse seines accounts for the largest portion of the Atlantic herring catch, but both mid-water and
bottom trawls, as well as paired trawls are increasing in importance, particularly in the U.S.
portion of the fishery. In the western Atlantic fishery the U.S. production of herring is
dominated by trawls whereas in the Canadian fishery the dominant gear is purse seine.
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Other types of gear such as stop nets and bar seines are used in the fisheries for herring, but they
account for only asmall portion of the total harvest.

4. Management and conservation

As aready noted, populations of herring on both sides of the Atlantic were heavily overfished
during the 1970s. Total Atlantic catches declined from nearly 4 million tonsin the late 1960s to
less than one million tonsin 1983. A similar situation occurred in the eastern Atlantic as well,
although at a greater scale.

Because this report deals only with the western Atlantic herring fisheries, this discussion of
management and conservation will concentrate on that region. In the west, both Canada and the
United States extended jurisdiction in the 1970s to 200 miles, excluded foreign fleets from the
area, and set out on a program of recovery for the herring stocks. Asaresult of these actions,
biomass began to increase and so did the catches. The fisheriesin Canada and the United States
continue to be strictly controlled.

The western Atlantic herring populations are managed in Canadian waters by the Canadian
Department of Fisheries and Oceans (DFO), and in U.S. waters by the U.S. National Marine
Fisheries Service (NMFS), the New England Fishery Management Council (NEFMC), Atlantic

States Marine Fisheries Commission (ASMFC), and various state governments.

The western Atlantic, herring is atransboundary species; components of the US stock moving
into Canadian waters at certain times of the year, particularly into the coastal areas of New
Brunswick, and components of the Canadian stock moving into US waters, particularly onto the
US portion of George' s Bank. Because of these migrations the two nations cooperate in scientific
studies of the transboundary stocks as well as in their management. There are a number of
arrangements for such cooperation, but much is accomplished through the Canada/US Herring

Steering Committee.
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Figureda. Herring management components (From www.clupea.net)

Management of the species appliesto the five separate Atlantic herring population management
units and the entirety of their range in the northwestern Atlantic from Labrador to Cape Hatteras
(Figure 4a). These units are broken down into various components. In US waters, herring are
assessed and managed as a single stock complex with two major spawning components, onein
the Gulf of Maine and another on Georges Bank and Nantucket Shoals. Herring that spawn in
the Bay of Fundy and off southwest Nova Scotia are assessed and managed by Canada as a

single component; stocks in coastal Nova Scotia, the offshore banks, and areas to as far north as

Labrador are managed separately.
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5. Canadian herring

Commercial harvest of herring takes place throughout many areas in eastern Canada from
Newfoundland to the U.S. Canadian border. Over the past 30 years, Canadian catches have
varied between alow of 133 thousand tons taken in 1984 and a high of 279 thousand tons taken
in 1988. Since 1988, catches have been declining and during 2004-2007 have averaged about
163 thousand tons annually (Figure 3).

The fishery is segregated into a number of regions designated under the NAFO statistical areas,
and management is focused within these regions (Figure 4b). Total Allowable Catches (TACs),
catch limitations and allocations, open and closed seasons, and various types of gear restrictions
have been set for many of the Canadian herring fisheries in an effort to manage them at

sustainable levels of production.

A variety of gear types are used in Canada to harvest herring; purse-seine vessels accounts for
the major share of the catch followed by weirs, then gill nets; additionally, traps, shutoffs, and
trawls are also used, but in much lesser proportions than the other types of gear mentioned.
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Figure4b. Management areasfor Canadian herring (DFO).
5.1. Institutional arrangementsfor science and management
5.1.1. National

It isthe mission of DFO to maintain sustainable fisheries for the peoples of Canada. In working
toward these outcomes, the Department is guided by the principles of sound scientific knowledge
and effective management. On behalf of the Government of Canada, DFO is responsible for
developing and implementing policies and programs in support of Canada’ s scientific,
ecological, social and economic interests in marine fisheries. DFO is a sustainable devel opment
department and is dedicated to integrating environment, economic and social perspectivesto
ensure Canada’ s marine resources benefit this generation and those to come. The Department’s
guiding legidlation includes the Oceans Act, which charges the Minister with leading oceans
management on behalf of the Government of Canada, and the Fisheries Act, which confers
responsibility to the Minister for the management of fisheries, habitat and aquaculture. The

Department is also one of the three responsible authorities under the Species at Risk Act.
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In 1990 the Supreme court of Canada issued alandmark ruling finding that First Nation has an
Aboriginal right to fish for food, social and ceremonial purpose, and that such right takes
priority, after conservation, over other uses of the resource. In response to thisthe DFO
implemented the Aboriginal Fisheries Strategy (AFS), which applies to wherever DFO manages
fisheries, including herring.

The DFO has primary responsibility for the management of Atlantic herring in Canadian waters
and its primary principle is the conservation of the herring resource and the preservation of al of
its spawning components. DFO has established clear and measurable conservation limits for
herring and related ecosystems that are designed to ensure conservation is not placed at risk.
When there isinsufficient information to assess the impact of fishing on a stock of fish, or when
assessment conclusions are in doubt, the DFO is mandated to apply a precautionary approach to

management.

In exercising this responsibility, DFO has chosen to include in both the research and
management, cooperation with stakeholders. DFO utilizes a co-management approach in which
the industry plays a significant role in managing the fishery. There are a number of advisory
groups made up of industry and government, such as the Scotia-Fundy Herring Advisory
Committee (SFHAC) which provides management advise for the Nova Scotia and Bay of Fundy
area, excluding those portions bordering the Gulf of Saint Lawrence, and the DFO/industry
Monitoring Working Group (MWG) which monitors and evaluates information from the fishery
on an ongoing basis. The Herring Science Council (HSC), which was created by the herring and
mackerel fishing industry to sponsor and promote research to improve the biological basis for
management, is partially funded by the industry. Additionally, industry has an active sampling
program for collecting size composition and biological data on the fishery; and, isthe principal
agent in carrying out surveys of herring biomass for the survey, assess and then fish protocol for

managing herring stocks, as well as assisting in herring tagging projects.

The DFO mandate requires that technical knowledge and advice be provided to management and
regulatory agencies within DFO and elsewhere on the conservation requirements for these
resources. The Regiona Advisory Process (RAP) was established in 1993 to provide peer

reviewed information on the status of the fisheries resources in the Atlantic zone. In the
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Maritimes and Gulf Regions, the RAP addresses issues in the southern Gulf of St. Lawrence, the
Bay of Fundy, on the Scotian Shelf and on Georges Bank. The Maritimes RAP also undertakes
the review of technical analysisrelating to regional habitat and fisheries management issues.
The principles that guide RAP are: being timely, responsive and flexible to client needs,
employing the most appropriate and credible scientific methods, providing technical review on
the full range of regional resource management issues, involving industry, stakeholders, and
outside scientific experts in the review process, providing a visible and public document trail,
and fostering interaction with the other regional RAPs, as well as facilitating the advancement of
resource science through zonal and national meetings and workshops. RAP meetings, which are
held on aregular bas's, provide the scientific basis for the management of the region’s marine

resources.

With respect to exercising its responsibilities for the management of herring fisheriesin the Nova
Scotia/Bay of Fundy region DFO, in conjunction with industry, has defined three objectives and
anumber of targets within the objectives, which are:

1. To maintain the reproductive capacity of herring in each management unit through:
a) persistence of all spawning components in the management unit;
b) maintain biomass of each spawning component above a minimum threshold;
¢) maintain a broad age composition for each spawning component; and
d) maintain along spawning period for each spawning component.
2. To prevent growth overfishing:
a) continue to strive for fishing mortality below FO.1.
3. To maintain ecosystem integrity/ecological relationships (" ecosystem balance”):
a) maintain spatial and temporal diversity of spawning; and

b) maintain herring biomass at moderate to high levels.
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Similar objectives have been defined by DFO and industry for other fishing regions.

5.1.2. International

There has been along history of negotiation between Canada and the United States over marine
living resources in the area of the Gulf of Maine. Before extended jurisdiction, fishing vessels
from many nations, including those from Canada and the United States, fished side by side in
waters throughout the Gulf of Maine and on George’' s Bank. Canada and the United States
worked through the International Commission of the Northwest Atlantic Fisheries (ICNAF) to
stem the tide of overfishing, but these efforts were without success and the resource was
depleted. The North Atlantic Fisheries Organization (NAFO) was founded in 1979 as a
successor to ICNAF, which was disbanded when NAFO came into force. NAFO®overall
objective isto contribute through consultation and cooperation to the optimum utilization,
rational management and conservation of the fishery resources of the Convention Area. Sinceits
area of jurisdiction does not include the EEZs of coastal states, NAFO is primarily concerned
with herring that are taken on the high seas where catches are minor.

After extending their jurisdiction during the 1970s to 200 miles, responsibility for the
management of western Atlantic herring fell to each of the nations. Along with management
responsibility in the respective areas of extended jurisdiction, came disputes over the
international boundary extending seaward between the two nations. After adecision by the
International Court of Justice on the placement of the international boundary, the two nations set
about cooperating in managing species of common interest that crossed back and forth between
the border. They developed a series of cooperative arrangements to address the problem of
transboundary species entering their commercial catches, and established the Canada-USA
Steering Committee as an overarching arrangement for discussing and coordinating management
of the transhoundary species. Under the umbrella of the Steering Committee, the Transboundary
Resource Assessment Committee (TRAC), the Transboundary Management Guidance
Committee (TMGC), and the Bilateral Fisheries Enforcement Agreement (BFEA) work towards
the development of joint scientific stock assessment, the sharing agreements, and enforcement
and compliance measures for transboundary species. Most of these efforts have been directed
towards groundfish species of cod, haddock, and yellowtail flounder. However, the
TRAC/TMGC framework has been expanded to include commercial fishes other than
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groundfish. A TRAC for herring was formed in 2005, and coordinates stock assessment research
between scientists from Canada and the United States.

5.2. The herring fishery

The Canadian herring fishery, extending from Newfoundland in the north to the international
border in the south, is grouped into a number of units using the NAFO statistical areas.

The most important region in terms of tonnage landed is the Scotia-Fundy Fishery, which takes
placein area 4VWX shown in Figure 4b; in 2007 this fishery accounted for about 55 percent of
the total Canadian catch of Atlantic herring (Figure 5). The landed value of the fishery peaked in
2004 at 21.3 million dollars, but declined to 17.3 million in 2007 (Figure 6). Catchesin the
4AVWX areawere at an all time high of about 295 thousand tons during 1969 and 1970; they
varied between that high level and 115 thousand tons during 1971 to 1990. Catch reached a
second peak of 212 thousand tons in 1990, but has declined each year since, and in 2007 was
about 92 thousand tons. The declines were due to lowering stock abundance and limitations on
catch imposed by DFO. For purposes of assessment and management, the fisheriesin the
4VWX Scotia-Fundy area are separated into several different components which are shown in
Figure 7: the 4WX South West Nova Scotia/Bay of Fundy component accounts for 54 percent of
the 4VWX catch (Figure 8); the southwest New Brunswick migrant juveniles of area4X account
for 34 percent; the coastal Nova Scotia component in area 4VWX takes 6 percent of the catch;
and, the Offshore Scotian Shelf banks component in area 4WX, accounts for 6 percent of the
catch. Because of concern over declining stocks in some regions of the north Atlantic the
Canadian Government in 1983 introduced a 10-year restructuring program for the purse-seine
fleet, which assigned transferable quotas as an incentive to reduce fleet size. 1n 1995 a survey,
assess and then fish protocol was introduced as a management tool, which involves surveying the
herring on the fishing (spawning) grounds using acoustical techniques, ng the abundance,
and fishing that abundance so as not to exceed 20 percent of the available fish. There were 2260
licenses issued overall of which, among others, there were: 266 weir and trap, 40 purse seine,
one mid-water trawl, 43 drag seine, 87 transport, 190 recreational, of which 25 were aboriginal

licenses, and 1101 bait licenses.
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Figure 5. Total landings of herringin Canada by major areas. 4VWX, Gulf of St.
Lawrence (GSL) Prince Edward Island (PEI), Quebec (Qbc), Newfoundland (Nfdl), and
Total.

Figure 6. Landed value and catch of herringin area 4vVWX (Source DFO).

The second most important region in terms of tonnage is the Gulf of Saint Lawrence, which
accounts for 22 percent of the catch; the areaisin statistical block 4T and the catches come from
both the New Brunswick and Nova Scotia areas of the Gulf (Figure 5). Prior to 1993 catches
were minor, but thereafter they reached a peak of 73 thousand tonsin 1995, declining to about 37
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thousand tons in the most recent years.

Figure 7. 4VWX herring management area and stock component locations (SAR 023).

The herring fishery in Newfoundland, which take place mostly in area 4R, 3Pn and 3Ps, isthe
third most important in eastern Canada, accounting for 14 percent of the Canadian regions,
Gaspé, Magdaline Island, and North Shore, with more than 90 percent coming from the Gaspé

area.

A portion of Georges Bank lies within Canada s EEZ, and in the past Canadian vessels have
harvested herring from the area. However, there have been no Canadian harvests of Georges

Bank herring over the past several years. Thefishery isincluded in the Gulf of Maine complex.

The stocks of herring are assessed within and among these areas based on homogeneity of the
animals and the fisheries. However, detailed analytical stock assessments are conducted only for
the South West Nova Scotia/ Bay of Fundy spawning component (4WX); for the other
components only reviews of fishery and biological data are carried out in order to monitor stock
status.
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Figure 8. Landingsof herring from Area 4VWX, by components. Scotian Shelf, Coastal
Nova Scotia, New Brunswick Weir, 4WX, and total 4VWX.

5.3. Status of the stocks

Within each of the components of a fisheries management unit, e.g. 4VWX, there are a number
of separate spawning components. These spawning components are defined based on their
similarities in spawning areas and times, and on common larval distributions. Generally
speaking, spawning areas that are close to each other geographically and temporally, and which
share similar larval rearing areas, are considered to comprise the same spawning component,
since they are more similar than spawning areas separated in time and space, and which do not
share the same larval rearing areas. Fish from the various spawning components mix to some
degree during the non-spawning season, but then segregate and return to their respective
spawning areas. For each of the fisheries, DFO and industry have defined several spawning
components, and stock assessments and subsequent management recommendations are based on

the makeup of these various spawning components.
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The DFO scientists have used two principal approaches to assessing the status of herring: stock:
vessel surveys and virtual population analysis.

Vessel surveys methodology employs automated acoustic recording systems operated from
commercia herring vessels for quantifying the distribution and abundance of herring. Two types
of surveys are used, structured surveys and fishing excursion surveys. The structured surveys,
which follow a standard protocol, involve commercial vessels following a series of randomly
selected transects within a pre-defined area. The number of transects depends on the number of
vesselsinvolved in the survey. Industry vessels have conducted these structured surveys
seasonally throughout the spawning season at approximately two week intervals since 1995. The
structured surveys are supplemented with information collected by fishing vessels during their
normal fishing excursions. The excursion surveys do not follow a standard protocol, but involve
commercial vessels using automated acoustic logging systems during the search phase of a
fishing excursion. These systems are activated when the vessel s encounters concentrations of
herrings. Although such data do not follow any formal survey design, they provide valuable
information on distribution and abundance of herring during nights when there are not formal

surveys. The data are analyzed and coupled with data from the structured surveys.

There are several concerns that have been raised over possible problems with the surveys which
might cause errors or biases in the results. One of these relates to how assiduously the vessel
captains follow the parallel survey lines. A certain percentage of the proposed transects do not
follow the survey lines, and this can introduce error into the estimates of biomass. Another
concern has to do with target uncertainty emanating from interference/ noise patterns and
distinguishing the target from the bottom, all of which can make interpreting the results of the
surveys difficult. The closer the herring concentrate near the bottom, the more the biomass will
be underestimated A third concern has to do with the residence time of the spawning
aggregations on the spawning grounds. It is assumed that spawning herring arrive on the
spawning grounds in waves, and do not remain on the grounds for more than 10-14 days; thisis
why the schedule of surveysis based on two week intervals. However, there is some evidence
from tagging and maturity data that spawning aggregations may in some cases stay on the
grounds longer than two weeks. To the degree this happens the biomass will be overestimated
due to double counting, or possibly underestimated because of missing waves of fish. DFO

Herring Assessment Report Prepared May 2009 by Dr. James Joseph for Bumble Bee Foods 39



scientists have a number of studies underway to correct for error introduced by these
possibilities.

Using thisindustry collected data, the spawning biomass of herring stocks are regularly
estimated each year. The resulting data provides for spawning stock biomass (SSB) estimates
for each of the main spawning components within the stock complex, which form the basis for
evaluation of the status of the stock.

The other approach used by DFO scientists to assess the status of herring stocksis Virtua
Population Analysis (VPA), a modeling methodology commonly used in fisheries science for
reconstructing historical fish numbers at age using information on death of individuals each year
caused by fishing and natural mortality. The methodology isvirtual in that the population sizeis
not observed or measured directly but isinferred or back-calculated to have been a certain sizein
the past in order to support the observed fish catches and an assumed death rate owing to non-
fishery related causes. By using the number of fish caught each year from ayear class and the
rate of mortality, it is possible to reconstruct the size of the year class. For example, if itis
known how many fish from ayear class are harvested each year in the fishery then this would be
the minimum number of fish in the year class. However, not all of the fish in the year class
survive natural mortality and not all are caught by fishing. If the rates of mortality are known,
then coupled with the information on the numbers caught at each age, it is possible to calculate
what the total number of fish in the year class should have been. Thisis basically the approach
used in VPA studies of fisheries. The principles used in VPA analysis have been expanded to
include statistical methods and Bayseian mathematics to develop more detailed models. These
more detailed models such as SS2, SS3, Multifan-CL, and A-Scala are now commonly used in
assessing fish stocks.

The essential data used in VPA studies include data on total catch, samples representing the size
composition of the catch, and data on size at age which can be used to partition catch into age
groups. DFO has a detailed program for compiling statistics of catch and fishing effort which is
supplemented by datafrom the industry. The industry also carryout an intensive sampling
program for collecting length and weight frequency data; these data are supplemented with
information collected by DFO scientists. Biological data on sexual maturity is also collected by
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the industry and DFO scientists. The bulk of the length, weight, and biological samples come
from the processing industry. Estimates of growth and natural mortality are necessary for the
analysis, and these are made by DFO scientists. Output from the VPA analysis are estimates of
fishing mortality, recruitment, and biomass, all of which can be used to calculate yield-per-

recruit isopleths and total yield curves.

Thefirst extensive use of VPA analysis for Canadian herring in area 4WX was in 2005. The
analysis was motivated by information which suggested that the measures of biomass estimated
by acoustical surveys may be poorly estimated.

Critical to the efficiency of the analysis are the estimate of natural mortality and growth. To the
degree these are poorly estimated, the results are unreliable. Natural mortality is notoriously
difficult to measure accurately. For the herring, tagging data has been used along with other
approaches to estimate natural mortality, and the estimates are considered to be fairly robust.
Age has been estimated by counting annuli in otoliths. It has been surmised by DFO scientists
that probably ages have been underestimated using this technique. If age is underestimated, this
would likely result in underestimating biomass and overestimating fishing mortality. These
possibilities are being investigated by DFO scientists, and the outcome can have a significant

affect on the status of the herring stocks.

The purpose of this section isto review the information and research that is available on the
status of the herring stocks of concern. It is not the intention to present any independent
assessments, but rather to review what is available in the public domain in aformat that can be
evaluated by Bumble Bee Foods to determine whether its supplies of herring emanate from
sustainable stocks. Most of the information reviewed derives from the reports of DFO, and
particularly from the Canadian Science Advisory Secretariat.

Because Bumble Bee Foods purchases most of its herring from the SW Nova/Bay of Fundy
(4WX) and New Brunswick migrant juveniles (areas 5 and 4X), the emphasis in this section will
be on these stocks; however, as some small amounts of product derive from the Western
Newfoundland and Offshore Scotian Shelf Banks Stocks, they will be discussed as well.
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5.3.1. South West Nova Scotia/Bay of Fundy Component (4wx)

As noted above, detailed analytical stock assessments are conducted only for the South West
Nova Scotia/ Bay of Fundy spawning component (4WX); this component operates under atotal
allowable catch (TAC) limitation applied by DFO. The TAC has varied between 150 thousand
and 50 thousand tons per year since 1977, and since 2005 it has been 50 thousand tons annually;
the catch has been very close to that amount in each year (Figure 9). The TAC is apportioned
80% to mobile gear and 20% to fixed gear. Each year, unused quotais transferred to mobile
gear. The proportion of the catch taken by purse-seine vessels has changed over the years. Prior
to 1995 less than one-half was taken by purse-seine vessels, but since then the proportion has

increased and in recent years they account for about 97 percent of the 4WX catch.

The quota year for the 4WX fishery isfrom October 15 to October 14. During the 2006-2007
guota year, the fall purse-seine fishery took about 850 tons, the winter seine fishery 1,000 tons,
and the summer seine fishery took 46,000 tons. Gillnets took about 1,340 and Nova Scotiaweirs
took 1,130 tons.

There are more than 15 significant fishing grounds in the 4WX area (Figure 10). Over the years
the proportions of the catch from these various fishing grounds have fluctuated in relation to
changes in abundance on the grounds and to the needs of processors, and the accessibility of
certain fishing grounds to landing sites. Over the years, Chedabucto Bay, Gannet/Dry Ledge,
German Bank, Grand Manan, Seal Island, and Trinity have been the most important fishing
grounds in terms of tonnage landed. Prior to 1995 Seal Island and Trinity supplied a significant
portion of the catch made by purse seine vessels, but since then their share has declined and
catches from German Bank, Gannet Dry Ledge, and Grand Manan have become more important.
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Figure 9. Southwest Nova Scotia/Bay of Fundy catches and TACs (Source DFO)

Figure 10. Herringfishing groundsin area 4VWX (DFO).
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5.3.1.1 Acoustical estimation of biomass

As aready mentioned, the DFO scientists use acoustical vessel surveys to assess the status of the
4AWX herring. Considerable effort is devoted to collecting acoustical information from fishing
vessels. For example, there were atotal of 26 structured surveys conducted during 2007, which
included 133 boat nights from atotal of 61 vessels. Of these 26, there were 16 completed on a
previously established schedule: four structured surveys conducted in Scots Bay, four on Trinity
ledge, three in the area of Spectacle Bouy, and five on German Bank. An additional 10 surveys
were conducted in order to increase coverage or to ensure that newly observed groups of fish
were recorded. To supplement the data gathered during structured surveys, acoustical dataon
herring abundance was collected by fishing vessel during their normal fishing operations. Using
thisindustry collected data the spawning biomass of the 4WX herring stock complex was
estimated for 2007. The resulting data provides for SSB estimates for each of the main spawning
components within the stock complex, which form the basis for evaluation of the status of the
stock.

To obtain estimates of spawning biomass from the acoustical surveys, the individual estimates
for the traditional survey areas were combined. These estimates for 2007 were: Scots Bay-
45,700 tons, Trinity Ledge-1,400 tons, and German Bank-337,200 tons for an estimated total
SSB of 384,300 tons. Thisisan increase of about 34 percent over the 2006 estimate (Table 1
and Figure 11). After fluctuating around 500,000 tons between 1999 and 2004, biomass took a
sharp declinein 2005 to its lowest level of 233,200 tons. Biomass increased in 2006 to 286,700
tons and again in 2007 to 384,400 tons. As pointed out above, these estimates of biomass may
be biased because of residence time of spawning herring on the grounds. If herring don’t move
onto and off of the spawning grounds in consistent and predictable waves the estimates would be
biased upwards due to double counting or downwards due to missed waves. Also, if herring
concentrate near the bottom, biomass would be underestimated because of back scattering
problems, and there is some indication that this has been the case in recent years. Target strength
is another factor that can bias estimates. The 2007 acoustic biomass signal was lower than the

1999-2007 average, which would cause an underestimate of biomass.
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Figure 11. Spawning stock biomassfor 4WX as estimated from acoustical surveys. Heavey
solid lineistotal, thin solid lineis German Bank and dotted line is Scots Bay. (SAR
2008/23).

Table 1. Spawning stock biomassfor SW Nova Scotia/Bay of Fundy from acoustical
surveys (SAR 2008/023)

All of these possibilities for bias make it difficult to have great confidence in the absolute
magnitude of the estimates of biomass, but allows for more confidence in terms of arelative
index of abundance. These concerns notwithstanding, the biomass estimates can be used along
with statistics of total catch to calculate the exploitation rate on the spawning stocks of herring,
which isthe proportion of the stock taken by fishing. For these rates to accurately reflect fishing
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mortality it must be assumed that the acoustical estimates reflect the absolute magnitude of
spawning biomass. For the reasons mentioned above the estimates of biomass may more
accurately represent arelative index of abundance; likewise the estimates of exploitation rate,
and derived fishing mortality rates, can be used to represent arelative index or trendsin
exploitation rates. The estimates of exploitation rates were calculated by combining the
estimates of catch and biomass for Scots Bay, Trinity Ledge, and German Bank. Although
individual estimates from the different grounds varied between 12 percent and 145 percent
among years, the trends in the combined exploitation rates showed much less variability ( Figure
12).
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Figure 12. Relative exploitation ratefor 4WX herring (black line annual estimates and red
line 1999-2007 aver age).

From the peak exploitation rate of 21 percent in 2005, the value has been declining and at 13
percent in 2007 was lowest in the series shown, which would reflect a declining fishing
mortality. In fact, DFO scientists (Research Document 2006/49) stated that “ The overall
exploitation rate for the 4WX stock ranged between 14% and 21%, which are close to the target
of FO.1 =0.22 (exploitation of 18%).” Of course the exploitation rates are dependent on the
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assumptions that the acoustic survey SSB is complete and that catches have been properly
allocated.

5.3.1.2 Virtual population estimation

A VPA analysis was completed in 2005 for the 4WX component. Total catch and size
composition data were used to compute the numbers of fish in each age group for the period
1965-2005. The abundance of year-classes showed a great deal of variability among years
(Figure 13). Strong year-classes entered the fishery during 1970, 1976, 1983, 1998, and 2001.
The majority of the catch was comprised of ages 2-4, and after age 7 increasingly fewer fish
contributed to the catch. Thiswas particularly true after 1995 for the series of years shown. The
average weight of fish in the catch declined from about 150 grams during 1980-1995 to about
120 grams during 1996-2001, hit an all time low of about 85 grams in 2003/2004, and then
commenced an increase reaching 120 by 2007. The decreasing average size resultsin alower
yield per recruit, and under the assumption of a constant average recruitment, alower total yield
potential.

Landings data used for the 4WX component analysis were for the 4W winter purse seine, 4Xs
fall and winter purse seine, 4Xgr summer purse seine, 4X summer gillnet, and 4Xr Nova Scotian
weir; non-stock landings for the 4Xs New Brunswick weir and shutoff fishery and the Offshore
Scotian Shelf Banks were not used. For the VPA analysis, anatural mortality rate (M) of 0.2 and
partial recruitment values of 0.2, 0.4, 0.7, and 0.9 for ages 2 through 5, and for age 6+ a value of
1.0, were used. Because the trendsin SSB estimated from acoustic surveys were similar to those
estimated by the VPA model, even though they were considered to be overestimated, the SSB
estimates were used to tune or calibrate the VPA model. The reasons for the discrepancies
between the levels of the trends is uncertain, but as discussed above may have to do with double
counting on the spawning grounds during the acoustical surveys, target strength and scattering
interference near the bottom. Additionally the errorsin aging would tend to cause the biomass to
be underestimated.
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Figure 13. Catch at agein numbers of herring for the SW Nova Scotia/ Bay of Fundy 4WX
spawning component. The size of the circlesis proportional to the number of herring. The
value for 1968 at age 2 representsthe maximum in the series of 2.389 billion. Several of the
stronger year-classes ar e highlighted including the 1970, 1976, 1983, 1998 and 2001 year -
classes (Resear ch Document 2008/23).

Two VPA runswere made. The first used acoustical survey estimates of biomass for Scots Bay,
Trinity Ledge, German Bank, and Spectacle Buoy for tuning the models, and the second used
only the estimates from German Bay in order to overcome uncertainty in survey timing in the
other areas, particularly Scots Bay. The results from the two analyses were similar, except that
for the second one the estimates of biomass and numbers of fish were higher and F was lower.
Fishing mortality averaged about 0.5 until 1990 then began to increase, peaking at near 2.2 in
2004, then decline sharply in 2005 to about 0.8, the recent decline being possibly related to the
reduced TAC (Figure 14 & 15)
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Both total and spawning stock biomass showed a sharp decline after 1987; whereas total biomass
averaged about 500 thousand tons prior to 1988, it averaged near 175 thousand tons from 1995 to
2005, while the SSB averaged nearer to 100 thousand tons (Figures 16 & 17)

Figure 14. Fishing mortality from VPA using German Bank acoustic index for ages 4-8
(RD 2006/49).

Figure 15. Fishing mortality rate (F) from VPA run using acoustic index for combined
German Bank, Scots Bay, Trinity Ledge, and Spectacle Bouy, for ages 4-8 (RD 2006/49).
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Figure 16. Spawning stock biomass and total biomassfor VPA using German Bank
acoustic index for ages 4-8 (RD 2006/49)

Figure 17. Spawning stock biomass and total biomassfor VPA run with combined acoustic
index for Scots Bay, German Bank, Trinity Ledge, and Spectacle Bouy, for ages4to 8 (RD
2006/49).

One of the outputs from the VPA is an estimate of recruitment of age-1 fish into the fishery.

Over the period of years examined recruitment has varied by afactor of 30, with alow of about
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250 million and a high of about 7,500 million fish (Figure 18). Prior to 1985, recruitment
exceeded 2 billion fish in half the years, but subsequent to 1984 it never exceeded the 2 billion

fish level and has shown no trend.

Figure 18. Recruitment at age 1 estimated from VPA using Ger man Bank acoustic index
for ages 4-8 (RD 2006/49).

Because major inconsistencies have been found in otolith aging of herring, and herring have
been consistently under aged, further age-based analytical assessments with estimates of fishing

mortality must await a resolution to the aging inconsistencies.

5.3.1.3 Current status of the 4wx component

During the mid-1960s, demand for herring to make fish meal expanded sharply. Vessels that
could catch large quantities of herring were needed in order to meet thisincreasing demand. The
purse-seine fleet quickly expanded through new construction, refitting of other vessels, and the
transfer of purse-seine vessels from the Pacific coast. Catches of 4WX herring increased from
about 30 thousand tonsin 1963 to nearly 200 thousand tons in 1968, and by 1973 declined to
about 120 thousand tons. At about this time, due to concern over declining stock abundance,
ICNAF introduced catch limitations and national allocations on herring in the north Atlantic.
Because of the growing fleet capacity in the Canadian herring fishery, and declining per vessel
production and profitability, the Canadian Government assigned individual vessel quotas for the
herring purse-seine fishery, and in 1977 set TACsfor the 4WX herring fishery; it aso set asits
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first priority the use of herring for human food, thereby limiting the use of herring for fish meal.

TACs were set between 80 and 100 thousand tons during 1979 to 1985; thereafter they were
increased and varied between 57 and 151 thousand tons until 2005 when they were set at 50
thousand tons. During the first several yearsin which TACs were implemented, catches
generally exceeded them, but after 1985 they conformed more closely to the TACs.

Concern over the status of the herring stocks continued to grow. In 1981, The Task Force on
Atlantic Fisheries concluded that the Atlantic herring stocks could no longer support the current
size of the purse-seine fleet. Catches and apparent abundance of herring in some of the
surrounding regions such as Georges Bank, the Gulf, and Newfoundland had declined to low
levels. Heavy fishing of the east coast stocks continued.

In addition to the concern over declining apparent abundance, and near disappearance of some
fisheries, was concern over the reduction of average size of fish in the catch. Most of the herring
taken in the fishery are ages 2-4, although during 1970-1994 fish between 5 and 10+ years of age
contributed significantly to the total weight of the catch. After 1994, the numbers of age 6+ fish
in the catch declined sharply, reducing the average size of fish in the catch and the yield per
recruit (Figure 19). If these sizes are reflective of sizesin the population, then total biomass of
the stock would have been expected to decline aswell. To counteract these trends, the industry
has made a concerted effort since 2005 to re-direct fishing effort to larger fish, which resulted in
lower catches of fish less than 23 cm and more adults between 23 and 30 cm. This caused a
large reduction of the total numbers of fish taken in the fishery over recent years, and should lead
to increased stock abundance.

Herring Assessment Report Prepared May 2009 by Dr. James Joseph for Bumble Bee Foods 52



Figure 19. Average weight and total numbers of fish in 4WX catch (RD 2008/023).

The two primary methods used for assessing the 4WX herring results in two different

conclusions regarding the status of this component.

The acoustic surveys estimated the SSB to have been around 500 thousand tons during 1999-
2004, at alow of 233 thousand tons in 2005, then to increase in 2006 and again in 2007 when it
reached 384 thousand tons, about 12 percent lower than the overall average of 436 thousand tons
(Figure 11 and Table 1). The VPA results estimated the SSB to have fluctuated between 250-
350 thousand tons during 1965-1984, then peak at about 700 thousand tons in 1987, and then to
decline to 75-50 thousand tons in 2005, dependent on which of 2 different VPA analyses was
chosen (Figures 16 and 17). Because the first acoustical estimates were made in 1999, they
cannot be compared with the VPA estimates prior to that date. However, for the period after
1999 the trends in both estimates were similar, showing stock abundance to decline by about 50
percent between 1999 and 2004. However, the magnitude of the VPA and acoustical estimates
of abundance were quite different for 1999-2004, the former estimate being about 100 thousand
tons and the later estimate being about 500 thousand tons. The acoustical estimates show
abundance increasing by about 65 percent in 2007 when compared to the low of 2005. Since
there has been no update of the 2006 VPA, it is not possible to extend the comparisons beyond
2005. Based on the similarity between the trends in abundance for 1999-2005, it would be
expected that the VPA would show a similar increase in abundance for 2006 and 2007 to that
seen in the acoustical estimates.
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Exploitation rate (E) is the portion of the population of fish that is taken by the fishery over a
given period of time, or the catch taken during that time period divided by the biomass during
that time period. Fishing mortality (F) isthe instantaneous rate at which the fish are being
harvested. If one of these measures is available the other can generally be estimated from it.
The relationship between the two is generaly written as E=F/(F+M)* (1-exp(-(M+F)), where M
is the instantaneous rate that fish are dying from natural causes..

The estimates of fishing mortality from the VPA reflect amuch higher level of exploitation than
the estimates using the acoustical biomass and catch (Figures 14 and 15). During 1965 to 1985,
the VPA estimates of F averaged about 0.45, decreasing to alow of 0.18 in 1986, and then
steadily increased to a high of 2.2 in 2004; these represent exploitation rates of 0.33, 0.15, and
0.83 respectively. 1n 2005, F took a precipitous slide to 0.85 (E=0.53). The exploitation rates
computed using the acoustical estimates of biomass and the corresponding catches, are much
lower than the VPA estimates (Figure 12). The average exploitation rate for the period 1999-
2007 is0.16; it peaked in 2005 at 0.21and declined to 0.13 in 2007, its lowest level in the series.

The correlation between the exploitation rate (E) from the acoustical estimates of biomass and
the instantaneous fishing mortality rate (F) from the VPA analysisis not good (Table 2). The
VPA suggests a very high fishing mortality, whereas the estimates from the acoustical analysis
are much lower. Infact, the later analysis suggests that the fishing mortality rate has been very
near the strived for rate of Fp; for the 4WX component, which is equivalent to an F of 0.22 and
an E of 0.18, and that the decrease in E during 2006 and 2007 is likely due to the reduced TACs

which were implemented in 2005.

Table2. Exploitation rate (E) from acoustical estimates and instantaneous fishing
mortality rate (F) from VPA for 4WX herring.

Years 1999 2000 2001 2002 2003 2004 2005
E 015 018 016 014 018 016 0.21

F 08 13 11 17 20 22 08

As already mentioned, the validity of the acoustical estimates of E depend on certain
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assumptions being fulfilled, notably that the surveys cover the distribution of the population
being sampled, that there are no errorsin target strength, that over or under estimates of
abundance are not introduced because of turnover rates on the spawning grounds, and that the
catches have been properly alocated. In the case of the VPA analysis, otolith readings have
consistently under aged the fish, which results in overestimating fishing mortality (F) and
underestimating biomass. How serious these errors are would depend on the severity of the
misreading of age. Consequently further VPA analysis will probably have to wait aresolution to
the aging problem.

Based on all of the aforementioned information on stock abundance, fishing rates, and size
composition of the catch, what can be said about the status of the stocks? There are no stock
reference points such as Beyrent! Bmsy, SSBeurrent/ SSBuvsy, and Feurreni/ Fusy, that can be used to
measure against the current stock size. The only reference point that can be evaluated is Fo 1, but
the results between the VPA and acoustical estimates are widely divergent. In addition, it is
difficult to know how much catch might have increased (or decreased) without TACs. The
catch peaked at 196 thousand tons in 1968, and then declined steadily until 1977 when TACs of
about 100 thousand tons were first introduced. Asthe fishery progressed TACs were increased
to about 150 thousand tons, and the catch peaked again in 1988 at near 200 thousand tons. TACs
were reduced to about 60 thousand tons in 1996/97, increased thereafter until 2005 when they
were set at 50 thousand tons. The primary reasons for reducing the TAC to 50 thousand in 2005
were: 1) acoustical survey estimates, which were the main basis for assessment and assumed to
be absolute values, indicated alack of growth in the population, and this coupled with apparent
lack of age-5" fish in the catch was believed to be indicative of a stock under stress; 2) the VPA
estimated a substantially lower SSB than the acoustical surveys. Both of these factors caused
significant concern on the part of the DFO over the status of the 4WX component. It isnot
possible to predict with any accuracy what the 4WX component would have been able to sustain
by way of harvestsif TACs had not been introduced, therefore catch alone would not be
indicative of stock abundance.

Prior to 1999, there were no acoustical biomass estimates made, so abundance cannot be
compared with the estimates made after 1999. The VPA analyses show the stock to have varied
between about 200 and 700 thousand tons until 1987, and then to take a precipitous dive to about
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100 thousand tonsin 1995. Acoustical estimates show the stock to be increasing since the
introduction of the 50 thousand ton TAC in 2005, and to be near the long term mean. The VPA
does not cover the period when such increases would be expected to be seen. Information from
the fisheries pursued on the various fishing grounds and spawning concentrationsis also
somewhat confusing because of the effect of closed fisheries, catch limitations, relative fishing
success, and nearness to unloading sites. Because of the effects such factors have on fulfilling
the assumptions that catches and surveys reflect the distribution and relative abundance of the

component, confidence in the assessments is weakened.

On the one hand, if the VPA is assumed to reflect the condition of the 4WX component, then it
most likely cannot sustain the levels of fishing mortality exerted during the most recent years of
the fishery. Under this scenario stock abundance would decline and so would catch. However,
if the sharp decline in fishing mortality seen in 2005 has been repeated in 2006-2008, then the
stock would be rebuilding and overfishing not occurring; the stock could be in an overfished
state based on the level of abundance during 1995-2005 compared to before 1995. On the other
hand, if the acoustical survey data better reflect the condition of the component, then fishing
mortality isvery near the “strived for” target of Fo1, stock abundance isincreasing to 1999-2004
levels, and current levels of harvest should be sustainable. In this scenario overfishing is not

taking place and the stock is not in an overfished state.

Because of the difference between the results from the two analytical approachesit is unclear as
to whether overfishing is occurring or whether the stock isin an overfished state. Therefore,
from a precautionary point of view, the stock should be considered fully exploited, and at current
levels of recruitment and size composition, increased effort will likely not result in sustained
increasesin catch. However, if recruitment stays high, and the increased size of fish currently
being taken in the catch continues, the 4WX component could be expected to increase in

abundance and sustain greater harvests.
There are many uncertainties in the technical analyses conducted on 4WX herring:
Current methodology for reading of annuli in otoliths may be under aging the fish.

There is no independent means of estimating recruitment and estimates from VPA may be
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unreliable because of aging errors.

Without a means of estimating recruitment it is currently not possible to predict what fishing
success might be since hardly any age-1 fish are taken in the fishery, and a significant portion

of the catch is comprised of age-2 fish.

Error may be introduced into acoustical biomass estimates because of transit time of fish on the
spawning grounds in addition to the effects of target strength and deviating from track lines for

the acoustical gear.

The degree to which there will be greater confidence in the different analytical results will
depend on eliminating these uncertainties and on the accumulation of more information from the
fishery.

Added to these discussions are a few simple inferences which can be drawn from alternative
analyses of some of the basic data and analyses presented by the DFO scientists, particularly in
the 2006 report on VPA and the 2008 report on the assessment of 4VWX herring, which is
presented in Annex | to thisreport. The results of the analysis presented in the Annex support

the conclusion that the stock is not currently in an overfished state.

5.3.2. New Brunswick coastal component

The New Brunswick coastal herring fishery takes placein area4X (Figure 20). Catches over the
past 20 years have varied between 9 and 39 thousand tons annually (Figure 21); because the
fishery isinfluenced by factors such as weather, fish migration patterns, and environmental
conditions, catches have always been variable and will likely continue to be so. The 2007
combined weir and shut-off catch was about 31 thousand tons, nearly 21/2 times greater than the
catch in the preceding year, and the highest since 1992. Most of the catch is taken by weirs, and
is comprised of predominantly 1-3 year old fish. In 2007 the catch was of primarily juvenile
sized fish of less than 23 cm (Figure 22), which coupled with the fact that the 2006 catch was
comprised of very small, mostly unmarketable fish, suggests a strong 2005 year class.

There has been alonger-term trend of decreasing numbers of weirs operating in the fishery,

declining from about 240 earlier to 76 in 2005. There was an increase to 98 in 2007.
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The fish taken in the New Brunswick coastal component fishery were all originally considered to
be migrants from the NAFO subarea 5 and part of the Gulf of Maine/Georges Bank Atlantic
Herring Stock Complex. Herring are assessed and managed in U.S. waters as a single stock
complex with two major spawning components, one in the Gulf of Maine and another on
Georges Bank and Nantucket Shoals. Herring that spawn n the Bay of Fundy and off southwest
Nova Scotia, but not those taken in the New Brunswick coastal component, are assessed and
managed by Canada. Currently, the Herring Fisheries Management Plan for the U.S. assumes
that 20 thousand tons of herring from the inshore component of the Atlantic herring resource will
be taken annually in the N.B. welr fishery. Thisassumed catch is subtracted from the available
yield from the inshore component of the Gulf of Maine resource before TACs are determined for
management areasin the U.S. EEZ. The 1998-2007 average annual herring catch from the N.B.
fishery of 17 thousand tons is consistent with the assumption by the U.S. of a 20 thousand ton
harvest. Because of these considerations, the N.B. fishery has not been included in the 4WX
management program, and there are no TACs set for it. However, recent tagging studies suggest
that some of the juvenile fish taken in the New Brunswick coastal component may have a
connection to juvenile fish taken in the fall and winter purse-seine fishery off Grand Manan
Island. The weir and the shut-off fisheries operate in the same locations but mostly at different
times, and it is considered by some that the shut-off fishery may be capturing fish from the 4WX
component. To the degree that this might be occurring will determine whether some part of the

N.B. fishery should be included in the 4AWX management plans.
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Figure 20. New Brunswick Coastal Herring Fishery
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Figure21. Catchesfrom New Brunswick coastal herring fishery.
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Figure 22. Catch at length for the New Brunswick weir fishery in 2007 with estimated
per cent number s caught. Size categories 23cm and greater are shaded in black (RD
2008/023).

Scientist of the U.S. North East Fisheries Management Council (NEFMC) regularly conduct
assessments of the herring stocks off New England, and they consider the fish taken in the New
Brunswick weir fishery to emanate from the New England stocks. Their analyses for these
stocks showed the heavy fishing pressure by distant water fishing nations (DWFN) resulted in
catches during the 1970s of between 250 and 480 thousand tons per year, causing a collapse of
both the offshore and inshore stocks of herring around 1976/1977. After these collapses and the
exclusion of DWFN from the area, the stocks began arecovery and currently are supporting
improved fisheries. Combined Canada/USA landings averaged 77 thousand tons during 1978-
1994. Landings increased during 1995-2001, averaging 123,000 mt, and peaking at 133,000 mt
in 2001. Landings declined slightly during 2002-2005, and averaged 109,000 mt. During 1978-
2005, the USA accounted for about 72 percent of the total landings, but during the most recent
decade, this percentage increased to about 85 percent. After hitting alow during 1973/1974
recruitment of age-2+ herring showed an increasing trend, fluctuating between 1.2 and 7 billion
fish annually. Estimates of stock biomass for the coastal stock complex exceeded 1 million tons
before the collapses in the 70s, but after declined to 100 thousand tons. Stock biomass has
increased since then and was estimated to be about 1.3 million tonsin 2001, after which it
declined to about 1.0 million tons at the end of 2005 (Figure 23), which isin excess of the Bmsy
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level of 629 thousand tons. The biomass increasesin the late 1990s are in part attributable to
improved recruitment, particularly the 1994 and 1988 year classes. Assuming average
recruitment of about 2.3 billion fish in 2006 through 2008, continuing to fish at the current
average level of F=0.11 in 2007 would be expected to result in a biomass of 900 thousand tonsin
2008. The MSY, estimated using the Fox surplus production model, is 194 thousand tons taken
at afishing mortality of F=0.31, however recent F iswell below this|evel and has averaged
about 0.1 (Figure 24). The stock complex, from which the N.B. weirs harvest fish, is not
considered to be overfished nor is overfishing occurring. Nevertheless, U.S. scientists have
expressed some concern over the increasing concentration of fishing effort in the inshore Gulf of
Maine region and the fact that retrospective analysis suggests that in the terminal year, biomass
may be overestimated and fishing mortality underestimated. More detailed discussions of the

Gulf of Maine/Georges Bank stock component will be given under the section on U.S. Herring.

Figure 23. Recruitment at age 2 and total biomass of age 2+ for Gulf of M aine/Geor ges
Bank stock component.
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Figure 24. Catchesof herring from Gulf of Maine/Georges Bank stock component and
fishing mortality rates F (Overholtz, 2006).

5.3.3. Offshore Scotian Shelf Banks

The fishery for herring in the Offshore Scotian Shelf Banks takes place in areas 4X, 4W, and
4Vn (Figure 25).
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Figure 25. Outer Scotian Shelf Herring Fishery

Because there is some spawning of herring on and near the Offshore Scotian Shelf Banks, and
the Southwest Nova Scotia/Bay of Fundy spawning component includes only spawners from
Southest Nova Scotia, the offshore bank herring are considered to be a separate group for
management purposes. This areawas heavily fished by distant water fishing nations during the
1960s and early 1970s when as much as 120 thousand tons was taken in asingle year, resulting,
probably, in overfishing. After extension of jurisdiction to 200 miles by Canada, foreign fleets
were excluded from the area, but Canadian fishermen did not begin to harvest herring on the
bank until 1996 when about 12 thousand tons were captured (Figure 26). Since then catches
have fluctuated between a high of 20 thousand tonsin 1997 and a low of one thousand tonsin
2003, the average since 1996 being near 8 thousand tons per year. The catch for 2007 declined
to 5.4 thousand tons from nearly 10 thousand tons taken in the previous year.  Fishermen
reported that herring were abundant but that the lower catch was attributable to poor weather and
the fish being too deep and difficult to catch. DFO scientists have stated that “ The variability in
catch levelsis often due to problems of fish being too deep, weather and market conditions rather
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than in the abundance of herring”.

Figure 26. Offshore Scotian Shelf herring landings, with average (DFO).

The herring taken in this area are usually relatively large fish mostly adults >23cm, with 37
percent being larger than 30cm (Figure 27).

Figure 27. Catch at length for 2007 Offshor e Scotian Shelf herring.

Data with which to assess the abundance of herring on the Bank has been very limited. Bottom
trawl surveys are conducted on arelatively routine basis. These have shown a pattern of
increasing abundance during the 1990s, peaking in 2004, and then declining thereafter to near the
lowest level in the series. However, there are a number of problems with these data that make
them unreliable indicators of abundance, notably these are inter-annual variability in behavior

and availability to the gear and the inability to track year classes. Data from bottom trawl
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surveys are useful for documenting size, maturity, and distribution, but they are not indicative of
abundance. Unlike the situation with the 4WX component, there have been no industry surveys
of the Offshore Scotian Shelf since 2001. Consequently, there continues to be poor information
with which to estimate stock size, distribution, and spawning behavior for this component. This
makes it difficult to assess the status of the Offshore Scotian Shelf component. However, based
on average catches taken from the area during 1963-1973 ajoint consultation with industry and
management resulted in setting a 12 thousand ton catch limitation. The reasoning on this was
partially to encourage exploration. Based on what little information has been currently available,
DFO scientists have stated there is “no reason to change the previous recommendation that the
initial catch allocation for 2008 should not exceed the 12,000t as described in the fishing plan.”
This conclusion implies that the current level of harvest for the Offshore Scotian Shelf

component is sustainable and based on recent average catches can likely be increased somewhat.

5.3.4. Western Newfoundland

There are 3 mgjor fishing areas for Newfoundland herring, the western fishery, the eastern
fishery, and the southern fishery. In the west coast of Newfoundland fishery, which takes place
in Area4R (Figure 28), two herring stocks are exploited in separate |ocations during spawning
aggregations, and collectively during April to December when they mix.

Over the past 12 years herring landings on the west coast of Newfoundland have varied between
about 11 thousand and 21 thousand tons annually. Since 1999 when the lowest landings in the
series were experienced, catches have steadily increased reaching their highest point in 2008.
The quotas or TACs, which were set each year at between 13 thousand and 22 thousand tons,

were with the exception of 2008, greater than the catch.
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Figure 28. West coast of Newfoundland fishery for herring (DFO).

In 2008, the catch exceeded the quota by about 4 percent. During recent years large purse-seine
vessels have accounted for about 65 percent of the harvest, small seiners about 22 percent,
gillnets about 12 percent, and trap seines or tuck-ring seines, about 1 percent. Large seiners
generally take 100 percent of their alotted quotas, small seiners have been taking about 60
percent on the average and gillnetters seldom take more than 40 percent of their quota.

DFO has not conducted acoustic surveys to measure abundance of the two spawning stocks of
herring in western Newfoundland since 2002. However, some information on presence or
absence of herring is collected during bottom trawl surveys. Such information is not useful for
indexing or estimating the abundance of herring for the reasons already discussed, but even
though catches are small the data are useful for computing dispersion indices with which to study
the changes in distribution of the herring populations. Thisindex has varied only marginally
during the 1990s. Nevertheless, it has shown a considerable increase between 1998 and 2001,
followed by adrop in 2003 and 2004 and a slight increase in 2005. In the most recent
assessment report of western Newfoundland herring, DFO scientists has state that “Without an
abundance survey, there is no analytical assessment (Sequential Population Analysis or SPA)
being carried out on the two herring spawning stocks of the west coast of Newfoundland.
Consequently, it is no longer possible to calcul ate their respective abundance, fishing mortality, a
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minimum biomass limit or even anew TAC".
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Figure 29. Landings (red) and TACs (blue) from western Newfoundland herring fishery.

Thereisagreat deal of uncertainty regarding the status of the west coast Newfoundland herring.
Because of the lack of acoustical survey datathereis uncertainty in the size of the two spawning

stocks and alack of information on the size, number and location of the spawning grounds.

The current TAC of 20 thousand tons has been maintained since the last assessments donein
2003/2004 and based on the 2002 acoustical survey. Dueto the lack of continuing surveys and
the consequent inability to assess the status of the two stocks, DFO is taking measuresto
distribute effort along the coast and over the entire year to conserve the western Newfoundland

herring stocks.

5.4. Conservation and management

Conservation and management of Canadian Atlantic herring is the result of ajoint effort between
the government of Canada and the Canadian herring industry. Although the government has the
primary and full responsibility for management of herring, the co-management effort relies on
the industry to take an active part in not only collecting statistical and biological information on
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the fishery, but being involved in the formulation and assessment of science programs and

management measures.

The details for the Ministry of Fisheries and Oceans management policy are set out in Integrated
Herring Management Plans (IHMP). Different IHMPs are written for the different fisheries. For
example the Scotia-Fundy Fisheries Integrated Herring Management Plan (S-F IHMP, for areas
4WX, 4VN, and 5Z), covers the primary herring fisheriesin the Maritimes, and particularly the
SW Nova Scotia/Bay of Fundy spawning component, the New Brunswick migrant juveniles, and
the Offshore Scotian Shelf, which are the herring fisheries from which Bumble Bee Foods
purchases most of its herring for their New Brunswick operation. The IHMPs for each of the
regions follows a similar format to the S-F IHMP; therefore this plan will be discussed in more
detail. A working group of industry representatives from the Scotia-Fundy Herring Advisory
Committee (SFHAC) and staff members of DFO worked together to draft the S-F IHMP.

The SFHAC serves as the primary consultative forum for the development of the S-F IHMP.
The SFHAC, which has a subcommittee for weir fisheries and another for purse seine, strivesto
provide recommendations and advice on regional policy issues, TACs, regulatory measures,
fishing seasons, size limitations, gear and season restrictions, and to promote research addressing

concerns of the fishery and the fishing industry.

Scientific advice incorporated in the IHM Ps emanates from the Canadian Stock Assessment
Secretariat (CSAS) through the Regional Advisory Process (RAP). Analyses dealing with
transboundary stocks of herring are reviewed by the Transboundary Resource Assessment
Committee (TRAC).

The plan introduces the Objective Based Fisheries Management (OBFM) format, which
incorporates a structured, systematic and comprehensive approach to management. Within the
plan, all of the stakeholders can work together to create clear, measurable, and long-term
management objectives for the fishery. OBFM also provides aframework to quantify fisheries
management objectives aswell as risk analysis processes that result in the devel opment of
specific management strategies designed to achieve specific objectives. The 2003-2006 planisa
3-year rolling or evergreen plan; at the expiration of each year of the plan another year will be

added so that it always remains active for a 3-year period.
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Management plans are amended as required to update quotas and management measures

considered appropriate by DFO and the fishing industry.

The long-term fisheries management objectives are:

To ensure conservation and sustainable use of the herring resource to be achieved through

adopting a precautionary approach to management and by taking ecosystem considerations

into account.

To implement co-management approaches so asto evolve to the point where industry is self-
regulating within broad policy guidelines established by DFO.

To manage the fishery in a manner that creates conditions that allow each sector of the

commercia industry to be economically self-reliant and to provide positive contributions to

communities and the Canadian economy, and is consistent with the legal obligations by

meeting aboriginal treaty rights.

DFO and the industry have developed strategies to describe how the management objectives can

be met, including the development of indicators that allow performance to be measured in

relation to these strategic objectives. These objectives, strategies, and management measures

from S-F IHMP are shown in Table 3.

Table 3. Objectives, strategies and management measuresfor Scotia-Fundy herring

Scotia-Fundy IHM P 2003-2006.
Objectives Strategies
1. Conservation/Sustainability
Maintain productivity of the Keep exploitation rates at

Population by managing moderate levels
exploitation and preventing
growth overfishing

M aintain biomass of each
Spawning component above
a minimum threshold

Maintain a broad age
composition for each
spawning component

M anagement M easur es

Control F through annual
TACs.
Keep F at or below FO.1.

Implement survey, assess
and then fish protocol.

Control fishing mortality at
or below FO.1.

Ensure ongoing sampling
protocol.
Implement appropriate
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Maintain population
diversity

2. Co-management
I mplement co-management

Maintain spawning
component by having along
spawning period for each
component and maintaining
gpatial and temporal
diversity.

Agreementson
DFO/Industry research and
COo-operative projects

Balance fleet capacity with
resource availability

Resource users play
significant role in access
and allocation decision-
making

3. Mange the herring resource in a manner consistent with:

Meeting aboriginal treaty
rights

Creating conditions for
economic self-reliancein
the commercial fishery

Make provision for food,
socia and ceremonial
fisherieswhere valid

Increase participation in the
commercial fishery where
applicable

Balance fleet capacity with
resource availability

Manage gear conflict

mesh sizes for fixed gear.
Define spawning areas.
Limit fishing during the
Spawning season in
Spawning areas using the
survey, assess, and then fish
protocol.

Develop herring science
prioritiesfor:

- Joint tagging studies
and joint
hydroacoustic
surveys.

- Develop indicators
of stock and fishery
changes

Manage overall capacity
through review process
SFHAC works with
consensus model, and
inclusive meetings.

SFHAC agreement on
review process for conflict
issues.

| ssue appropriate number of
communal food fishery
licenses

Acquire and transfer
licenses and quotas to First
Nations.

Capacity managed through
review process

Limit entry to the fishery
through licensing.

SFHAC agreement on
Conflict Issue Review
Process

Regulations
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With the exception of the coastal New Brunswick juvenile fishery and the coastal Nova Scotia
spawning component, the other fisheries are controlled by quota, or TAC. The mobile gear
sector islimited to a certain number of vessels, each of which has ITQs that are based on the
percentage share for each license holder and the TAC set by the plan. The capacity limitation
program has been successful in that the number of authorized vessels has declined as ITQs are
purchased and consolidated. The fixed gear sector, which islimited in numbers, harvestsits
portion of the TAC competitively. The 4WX quota has been set at 50 thousand tons in recent
years, and varied between 57 thousand and 151 thousand prior to 2005; the fishing season
extends from October 15 to October 14 of the next year. The TAC isdivided among 3 gear
types, after setting aside 1 percent for bottom trawl, 80 percent and 20 percent is alocated to

mobile (purse seine) and fixed (gillnets, traps, and weirs) gear respectively.

All purse-seine vessels are required to carry on board an operating VMS, or an authorized
observer; the VMS are used to transmit real-time catch data and vessel position, which makes at
seamonitoring more efficient and cost-effective. And, al mobile and fixed gear operate under
licensing conditions which require reporting and monitoring of landings in accordance with
provisions of an industry-funded Dockside Monitoring Program. Prior to departing to fish, all
mobile gear fishing vessels must register with a DFO designated or Certified Dockside
Monitoring Company as a condition of licensing.

The Offshore Banks resource is harvested competitively under a quota of 12 thousand tons, and
Georges Bank under a Canadian allocation of 20 thousand tons. Because the New Brunswick
weir fishery captures juveniles that have been considered to come mostly from the Gulf of Main
stock inthe U.S,, there is no quota set on the harvest, but the U.S. scientists take into
consideration the harvest by Canadian fisheries when conducting their stock assessments.

Target catches are achieved through systems of quotas and closed times and areas. In specific
instances when alocal stock is considered to be in low abundance management prohibits fishing
on that stock. The SFHAC maintains ongoing programs to monitor and make adjustments to the
fishery to achieve management objectives. To ensure that specific spawning components are not
too heavily fished the SFHAC relies on information derived from in season acoustic surveys to

estimate the abundance of the individual component on the spawning grounds and the

Herring Assessment Report Prepared May 2009 by Dr. James Joseph for Bumble Bee Foods 71



application of controls on catches for that component. The survey, assess, and then fish protocol
is used to accomplish this. The protocol involves acoustic surveys, assessing the abundance of
the individual component, and then controlling the fishing so as not to remove more than 20
percent of the estimated abundance of the spawning component being assessed and harvested.
Fishing at thislevel would be expected to be very close to the “ strived for level” of fishing
mortality of Fo ;.

Thereisamulti-year IHMPs for the 4R area of western Newfoundland. The 4R fishery normally
beginsin April and continues through December. There are two stock components, a spring and
fall spawning component. A single TAC applies to both components. The 20 thousand ton TAC
is shared in the following way:

4R Fleet Sharing Arrangement

Fleet Sector Sharing Per centage Quota
Purse Seine >650 55% 11,000t
Purse Seine <650 22% 4,400t
Fixed Gear 23% 4,600t

Key management measures include the mandatory vessel monitoring systems on all vessels
greater than 35 feet; dockside monitoring and observer requirements in the purse seine fishery;
minimum fish size retention of 26.5cm; and gear restrictionsin the fixed gear fleet. New
technical measures, such as length and depth restrictions for modified bar seines used in fixed
gear fishery have be implemented by way of license conditions.

Aswell, as ameans of rebuilding the spring spawning component of the 4R stock, catch limits
have been implemented in the spring fishery inside the 50 fathom contour in Bay St, George and
Port au Port Bay.

Management retains the option to make any mid-season adjustments to the TAC or any other

management measures as required.

In keeping with its obligation to Aboriginal fishing rights, First Nations are alocated a certain
portion of the licenses authorized by DFO. Most recently, of the approximately1700 authorized
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gillnet licenses, First Nations are allocated 12 commercial communal gillnet licenses.
Additionally, most of the First Nations have access to herring in their communal food, social and
ceremonial license. They are members of and participate in the SFHAC and the 4Vn Committee,

where they are actively involved in the science and management of herring fisheriesin the area.

5.5. Effectiveness of management

The effectiveness of the management system can be evaluated in general, against biological

objectives in the management plan.

Persistence of all spawning componentsis of course one of the very important objectives,
because if spawning components are lost or placed in jeopardy by excessive fishing mortality,
the general viability and sustainability of the overall stock isweakened. The acoustical surveys
show variability in abundance among the various spawning groups. For example, in 2006,
spawning was not observed on the Lurcher grounds. Some spawning was observed near Seal
Island, and increases in biomass in Scotts Bay and Trinity ledge were observed, but lower than
expected. 1n 2007, there were biomass increases in Scots Bay and German Bank, but no
spawning was observed near Seal Island. Abundance of spawning fish on Trinity Ledge was the
lowest level previously recorded.

With respect to maintaining the biomass of each component, during 2006 all spawning areas had
slightly increased biomass estimates over 2005, but are still at low levels compared to earlier
years. Scots Bay, Trinity Ledge, Lurcher and Seal 1sland were at low biomass levels. During
2006 substantial improvements were observed with German Bank estimate above average;
Trinity Ledge, Scots Bay, and Seal Island remained at relatively low levels.

The maintenance of a broad age composition is an indication of a healthy stock and one of the
objectives of management. The proportion of large fish in the catch and apparent population had
been contracting prior to 2006, but during 2007 has increased, which would be expected with
reduced fishing pressure.

The objective of maintaining along spawning period is akey component of the DFO
management plan, as areduced or intermittent spawning period could affect the overall

productivity of the stock and reduce genetic diversity. DFO and the industry monitor the
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duration of spawning on some of the key locations. 1n 2006 the period of spawning on German
Bank appeared to be normal, however, the period of spawning on Scots Bay exhibited a gap
during midseason. During 2007 with the exception of Trinity Ledge, the duration of spawning
appeared normal for the other monitored areas. It isalso important to maintain the spatial and
temporal diversity in spawning. With the exception of German Bank and Scots Bay DFO
scientists have indicated that there is less spawning in most of the other areas.

Fishing mortality, F, measures the rate that fish are removed from the population, too high and
overfishing occurs, low and the population increases in abundance towards its maximum value.
DFO has used arate of Fp; asastrived for target. For Canadian herring Fo 1 would be arate
lower than the rate at which the population could support the average MSY. There arereally no
precise estimates of fishing mortality for the herring stocks discussed in this document.
Acoustical surveys have provided estimates of exploitation rates from which F can be computed,
and VPA estimates F directly from aged catch data. Aspointed out in an earlier section, the
results are quite different, and there is agreat deal of uncertainty in both approaches. The VPA
estimates F to be considerably higher than Fo 1, which would indicate the management objective
isnot being met. The estimates from acoustical surveys show alot avariability with some areas
and years being in excess of Fq 1, and other less than that; however, the overall average for F
since the implementation of the 50 thousand TAC for 4VW component is near Fo 1, which would
indicate the management objective is being met.

Of course, the ultimate objective of management is to take action to ensure that the biomass of
the target speciesis maintained alevel of abundance that can support sustainable fisheries.
Again, two methods have been used to estimate abundance, acoustics and VPA; both of which
show different absolute magnitudes of abundance but somewhat similar trends. Notwithstanding
the fact that there are shortcomings in each of the analytical approaches, they both show an
improvement in biomass since the implementation of the 50 thousand ton TAC in 2005. The
acoustic survey estimates shows the SSB to have increased by 64 percent during 2006 and 2007,
and to be only 12 percent below the long-term average.

Limit and target reference points are benchmarks against which an estimate about the stock can

be measured in order to determine its status and guide fisheries management.
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Limit reference points set boundaries which are intended to constrain harvesting within safe
biological limits within which the stock can produce MSY, while target reference points are
intended to meet management objectives such as maximization and stability of the catch, with

S0Ci 0-economic considerations.

The UN Stocks Agreement notes that “fishery management strategies shall ensure that the risk of
exceeding limit reference points should be low.” Though not officially set as reference points,
the TAC and the “strived” for, Fo1, might in a broad sense be considered reference points;

however, they lack precision and clear definition.

On the economic and social side of the management equation, DFO has been very successful in
reducing fishing capacity to alevel that is close to being in balance with the ability of the
resource to sustain designated levels of harvest. Theintroduction of ITQsin the major gear
sector has allowed the industry itself to seek adjustments to capacity as the dynamics of the
fishery change. These approaches to rights based management in the Canadian herring fishery
are an example used by many other fisheriesin the world that are striving to bring balance
between the resources and fishing capacity. Included in these approaches are the DFO’s
successful programs to ensure that aboriginal rights are recognized and carried out in an effective

manner in the herring fisheries.

5.6. Bycatch, discards, and ecosystem impacts

The DFO defines the inadvertent harvest of different species of concern as bycatch, and the
inadvertent harvest of stocks of concern within the same species as incidental harvest. Discards

are animals returned to the sea, and these can be either alive or dead.

The Species at Risk Act of 2002 places immediate prohibitions against killing, harming,
harassing, capturing, taking or possessing any specieslisted in Schedule | of the Act. Some
exceptions can be made by the government to allow fishers to engage in activity affecting alisted
species, but such fishers can only operate by permit, license, or other similar document issued in
accordance with the Act. Current management measures in the herring fishery are examined to
determine if a permit, license or other document could be issued to allow a herring fisher to carry
on fishing activities that might affect alisted species. The issuance of such a permit or

authorization is strictly controlled by the Minister of Fisheries and the grantee must abide by a
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very strict series of controls.

DFO and industry have maintained an observer program, which provides among other things,
information on bycatch in the herring fisheries; in general, the data show bycatch to be quite low.
In arecent report, DFO summarized observer datafor purse-seine vessels for 1991-2006, and
showed that spiny dogfish and mackerel comprise the greatest part of the bycatch in terms of
weight, followed by sliver hake, cod and a variety of other miscellaneous species (Table 4).
Paired mid-water trawls showed the highest bycatch, but the sample was very small, and gillnets
showed the least bycatch. About 30 percent of the observed gear deployments resulted in some
bycatch, but the total amount of bycatch relative to the total targeted herring catchesis very low,
averaging for the period examined about 0.5 percent, that is, one-half of one percent, and ranging
between 0 and 1.8 percent. These bycatches are generally discarded, and in fact, when a set
resultsin a high proportion of bycatch, the contents of the set are not brought aboard, but are
discarded, including the herring. These discards are generally made before mortality in the set
occurs. Weirs occasionally take giant bluefin tuna, and if DFO allows for the weir operator to

retain the bluefin then, because of its very high value, it can be considered atarget species.

Marine mammals are periodically captured during the fishing operation in both purse-seine
vessels and welrs, however, the incidence of captureis not high, only 5 observed captures out of
1,730 observed sets, and the animals are almost always released unharmed. Birds arerarely
taken as a bycatch in the herring fishery.
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Table 4. Bycatch in tonsby gear type, mid-water trawl (MWT), mid-water trawl paired
(MWT-p), purse seine (PS), and gillnet (GN), and number of observed sets, aver aged over

1991-2006 for the Scotia-Fundy herring fishery (RAP 2007/04).

By-catch by Gear (metric tons)

By-catch by Gear (number of sets)

SPECIES MWT MWT-p PS GN Total t{MWT MWT-p PS GN__|No Sets
ALEWIFE 1.7 0.0 1.7 3 1 4
AMERICAN LOBSTER 0.0 0.0 13 13
BLACK DOGFISH 0.2 0.2 1 1
BLUE SHARK 0.1 0.4 0.5 1 4 5
BLUEFIN TUNA 0.5 0.5 1 1
BROWN ROCKWEED 4.0 4.0 1 1
BUTTERFISH 0.0 0.0 2 2
CAPELIN 0.0 0.0 1 1
COD(ATLANTIC) 0.0 4.4 4.4 1 51 52
GREENLAND SHARK 1.0 1.0 1 1
HADDOCK 0.3 0.1 0.5 11 3 14
HAKE (NS) 0.0 0.0 5 5
HERRING(ATLANTIC) 4,799.4 1.0 54,233.6 67.7|59,101.7 136 1 1096 16 1249
JELLYFISHES 0.0 0.0 0.0 1 1 2
KRILL SHRIMP 0.0 0.0 2 2
LONGFIN MAKO 0.0 0.0 1 1
LONGHORN SCULPIN 0.0 0.0 2 2
LUMPFISH 0.0 0.0 0.0 1 2 3
MACKEREL(ATLANTIC) 6.4 0.0 40.5 47.0 13 1 39 53
MONKFISH,GOOSEFISH,ANGLER 0.1 0.0 0.1 17 7 24
OFF-SHORE HAKE 0.0 0.0 2 2
PANDALUS SP. 0.0 0.0 1 1
POLLOCK 0.0 0.0 0.0 2 3 5
PORBEAGLE,MACKEREL SHARK 0.1 1.0 1.1 3 10 13
REDFISH UNSEPARATED 0.0 0.0 3 3
SEA RAVEN 0.0 0.0 1 1
SHAD AMERICAN 0.0 0.0 1 1
SHORTFIN MAKO 0.6 0.6 11 11
SHORT-FIN SQUID 1.1 1.1 9 9
SILVER HAKE 10.4 10.4 50 50
SKATES (NS) 0.0 0.0 7 7
SMOOTH SKATE 0.0 0.0 2 2
SPINY DOGFISH 0.0 135.5 135.5 2 158 160
SPONGES 0.0 0.0 1 1
SQUIRREL OR RED HAKE 0.0 0.0 3 3
THORNY SKATE 0.0 0.0 5 5
THRESHER SHARK 0.2 0.2 2 2
WHALES (NS) 105.8 105.8 5 5
WHITE HAKE 0.0 0.0 2 2
WINTER FLOUNDER 0.0 0.0 0.0 1 1 2
WINTER SKATE 0.2 0.2 2 2
WITCH FLOUNDER 0.0 0.0 3 3
YELLOWTAIL FLOUNDER 0.0 0.0 3 3
Total all species 4,819.5 1.0 54,528.7 67.7] 59,416.9 303 2 1408 16 1729
Total non herring 20.1 0.0 295.0 0.0 315.2 167 1 312 0 480
Percent non-herring over total 0.4% 2.0% 0.5% 0.0% 0.5%| 55.1% 50.0% 22.2% 0.0%| 27.8%

The bycatch of turtles in the Canadian herring fishery is believed to be quite low. Inthe U.S.

bottom trawl fishery loggerhead (Caretta caretta), Kemp’ s ridley (Lepidochelys kempi) and

leatherback (Dermochelys coriacea) turtles are taken. Over the period 1996-2004 the average
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annual take of loggerhead turtles, the most commonly encountered, was 616 animal. Since only
one trawl vessel operates in the Canadian herring fishery, the turtle bycatch is either non-existent

or negligible.

Herring is an important component of the diet of many species of fish, birds and mammals that
share the same ecosystem, and is considered by many to be a keystone forage species; this means
itisacritica component of energy pathways throughout the various trophic levelsin the
ecosystem. Thisissue of the importance of herring as aforage species in the ecosystem is of
great concern to the stakehol ders concerned with the Canadian herring fisheries. The question to
be answered is: does the management system allow for enough of the stock to escape harvest so
asto provide for adequate forage for the important predator speciesin the trophic network? The
answer to this question is difficult, but it is assumed by management that if the 0.2 natural
mortality rateis correct, and the SSB is maintained at moderate to high levels, there would be
sufficient herring to fulfill its role as a keystone forage species. Severa of the available studies
on the importance of herring in the diet of predator species have been done for the herring
fishery in the Gulf of Maine/Georges Bank region by scientists of the United States. One of the
major studies |ooked at 4 predator species and the amounts of herring they consumed. The
species were demersal fish, large pelagics, marine mammals, and birds. Aswould be expected
consumption of herring was related to herring abundance. During the period 1977-1985, when
herring abundance was low, total consumption by the 4 predator groups amounted to about 100
thousand tons annually; during the period 1992-2002 when abundance was high total
consumption increased to about 300 thousand tons. Sensitivity analysis by the researchers
indicated the importance of taking into account data on daily consumption rates and rationsin
addition to just total consumption by predators. The fishery for herring harvests the same size
groups as the predators. Since predators and the fishery are competing for the samefish, itis
important to evaluate more clearly the role of herring in the ecosystem, because without such an

understanding effective management could suffer.

Although bycatch in the herring fishery does not seem to pose a serious impact on the ecosystem,
the removal of herring from the stock could pose a problem if biomassis allowed to decline from
the current moderate levelsto very low levels. To evaluate these various possibilities more data

on bycatch needs to be collected and evaluated in terms of the status of the non-target species
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being harvested, and more research needs to be directed at the impact of herring removals on the
ecosystem itself.

5.7. Compliance and enfor cement

To ensure that management objectives are met, the government of Canada deals with issues of
enforcement and compliance of its laws and regulations on two levels: compliance with domestic
regulations and compliance with international commitments. Concerning the latter, Canadais a
party to a number of international instruments dealing with fisheries and the oceans, such asthe
UN Convention of the Law of the Sea, the FAO Code of Conduct for Responsible Fishing, the
FAO Compliance Agreement, and the UN fish stocks agreement, as well as being party to NAFO
with respect to herring on the high seas. Regarding these commitments, the government of
Canada has fulfilled all of its responsibilities and obligations. In fact, it has recently completed a
plan of action to implement the FAO IPOA-1UU fishing. The Canadian plan of action for IlUU
fishing identifies key threats to effective management: fishing for species under moratoria;
exceeding TACs, exceeding I TQs, harvesting undersized fish, misreporting catches, fishing in
closed areas; as well as measures to address them. In asimilar manner, DFO institutes measures

to comply with domestic legidation, created primarily through the Fisheries Act of Canada.

Although created nearly 140 years ago, and currently undergoing renewal, the Fisheries Act of
Canada provides the primary responsibility for the enforcement of Canada s fisheries, which has
a high priority within the government and among its citizens. Thisfact is attested to in a recent
survey of the Canadian public concerning compliance with fisheries laws and regulations, which
was carried out in areas of Canada where DFO has fisheries management responsibilities. The
survey sought to gather information about compliance with fisheries management measures, in
particular the reasons for non-compliance and means of improving compliance. The survey
reveaed fishers, and notably also non-fishers, rate compliance with fisheries regul ations and
other management measures as very important and that anong commercial fishers, fisheries
rules and regulations are being broken or ignored at least some of the time. The survey revealed
that Canadians generally feel that non-compliance is the result both of fishers acting rationally to
maximize their immediate personal interests, and the result of conflicts between fisheries
management rules and requirements and social norms. The survey concluded that the most
widely supported reasons for non-compliance in all fishery sectors, however, can ssimply be
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stated as: "it is personally advantageousto do so”. Aboriginal fishersindicated that conflicts
with social norms (in particular with family and community traditions) were a more significant
reason for non-compliance than did respondents from other sectors. Respondents from all sectors
also tended to believe that formal penalties resulting from being caught are more of a concern for
violators than are social repercussions. Respondents suggested the following priorities for
ensuring better compliance: improving or increasing enforcement or enforcement officers,
stiffer/harsher penalties and fines, more education about rules and regulations, having the same

rules apply to everyone, and giving fishers more say in making rules.

In summary, the survey indicates that Canadians believe fisheries compliance depends on a
combination of enforcement, penalties, education, and a general perception of the fairness of
fishing rules. However, while many respondents recognize social factors and education in
determining compliance, a greater number comparatively believe that compliance is
predominantly shaped by rational factors or considerations, and place prime importance on
deterrence through the presence of enforcement officers and administration of penalties. DFO
uses such surveys to improve measures to ensure compliance with rules and regulations

governing fishing activities.

In carrying out its responsibilities for managing Canadian fisheries, and responding to the need
to stay current with the demands of efficient enforcement, monitoring and control, and in an
effort to achieve improved compliance, DFO, has continually improved and updated its system

for achieving these ends.

DFO has noted that modernized fisheries management governance requires a strategic
compliance regime that applies new tools, facilitates new relationships, promotes shared
stewardship with resource users and communities, and targets systemic compliance issues.
Fisheries and Oceans Canada will re-define and modernize its compliance program, integrating
cross-sector compliance issues and needs into a comprehensive strategy to ensure innovation and
the best use of resources. The road to achieving these goals has been defined in the Atlantic
Fisheries Policy Review (AFPR). The AFPR is a collaborative process with a broad citizen-
engagement approach, through which advice and feedback are continuously sought from fish

harvesters, processors and industry representatives; the governments of the Atlantic Provinces,
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Quebec and Nunavut; Aboriginal groups, community representatives, environmental groups,
academics and other interested individuals. DFO sets priorities and implements elements from

the policy framework.

To improve compliance, the AFPR states that Fisheries and Oceans Canada will work with
resource users and other interested parties to further develop its statutory/regulatory framework
to better provide for conservation and sustainable use. Specific actions may include:

achieving the right mix of monitoring, control, and surveillance methods, which may include
el ectronic monitoring systems for fishing vessels and gear, dockside monitoring services, and

putting observers on fishing vessels;

strengthening deterrence through more effective control measures and more appropriate and
effective penaltiesfor illegal fishing practices, i.e., afleet®entitlement to maintain its harvest

shares could be made conditional on its conservation and compliance record;

increasing industry self-regulation by developing compliance protocols that set out
obligations and consequences for non-compliance and making them part of fisheries
management plans, with Fisheries and Oceans Canada having an audit role to ensure that

conservation objectives are met;

developing new approaches and incentives to support the sound stewardship of resources,

such as:

0 giving priority to new allocations to fleets that consistently demonstrate an
excellent conservation record in fisheries where there is a substantial increase in

the abundance of the resource;

0 giving fleets more flexibility to design management measures, such as those

related to observer programs; and
0 developing other appropriate enforcement measures.
Canadian purse-seine vessels are required to participate in the Vessel Monitoring System (VMYS).

The VMS transmits regular individual vessel position information to Fisheries and Oceans
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Canada. This system improves the ability of Fisheries and Oceans Canadato monitor vessel
positions and compliance with fisheries regulations (such as closed areas), and permits the more
efficient deployment of other MCS tools such as patrol vessels, on-board observers, and aerial

surveillance.

Canada®aerial surveillance program allows real-time monitoring both within and outside
Canada®EEZ in order to monitor the activities of vessels and provide the Government of
Canada with records of their activities. Aerial surveillance has been particularly effectivein
identifying illegal fishing activities within waters under Canadian national jurisdiction. A five-
and-a-half year contract with a private-sector company to carry out aerial surveillance flights on
the Atlantic coast has been effective in deterring illegal fishing. The aircraft are equipped with
modern radar, navigation, and data management systems, and are capable of night photography
for gathering evidence of illegal fishing activity.

A Dockside Monitoring Program (DM P) has been devel oped to provide accurate, timely, and
independent verification of fish landings. The DMP constitutes the primary source, and in some
cases the sole source, of independent landings information for many of the major commercial
fisheriesin Canada. Private-sector companies are hired by the fishing industry to observe the
offloading of fish and to record and report the landings information to Fisheries and Oceans
Canada. The fishing industry and Fisheries and Oceans Canada are dependent on the accurate
verification of landings by Dockside Monitoring Companies (DM Cs), which will deliver timely,
accurate, and unbiased landings information that can be useful for fisheries management, stock

assessments, and compliance monitoring.

More specifically, a series of measures regarding the enforcement and compliance plan for
Atlantic herring have been reviewed in DFO documents. The key points made by DFO are:

Purse seine vessels are subject to vessel quotasin the SWNS/ Bay of Fundy spawning
component fishery. Compliance with the quotas is monitored and enforcement action taken

against those failing to comply with the terms and conditions of these quotas.
The following enforcement strategies are employed to monitor vessel activities and landings:

- Aerial Surveillance to monitor boundary lines between Herring Fishing areas, compliance with
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the 25 mile closure line and the various other areas closed to mobile gear.

- Patrol Vessel Surveillance provides a platform from which fishery officers may conduct
boardings to check catch weight, inspect catch records and monitor fishing activities. Patrol

vessels may also be used to monitor boundary lines and closed areas.

- Observer Coverage is employed to alert enforcement staff to catch trends including herring
sizes and bycatch. Information from this coverage will be compared with catch records and

landings data for unobserved vessels.

- Fishery Officers conduct dockside audits to ensure the integrity of volumetric measurements of

catch size or weighouts.
Fishery officers are responsible for monitoring compliance with the following:

- Reporting Requirements to ensure that catches are correctly attributed to the Herring Fishing

Areas in which they were taken.

- Anti-Dumping Regulations specifically to ensure that herring is not dumped due to small size or
due to inadequacies in roe content.

- Scot's Bay Boundary once this area closes.

- Bycatches of herring in mackerel fisheries and bycatches of mackerel in herring fisheries where
licenses do not permit retention of this species. Also, where special provision is not made for
retention of salmon and tunain the herring fisheries, immediate release in a manner that causes
the least harm to the fish is mandatory.

- Prohibition on Mobile Gear in area 18, St. Mary®Bay, Annapolis Basin, Chedabucto Bay,
stand-off distancesto fixed gear and at other times or places where use of purse seinesis
prohibited.

- Gear Marking Requirements and Mesh Material for gillnets (e.g.: monofilament).

- Minimum Fish Sze where applicable.
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Where circumstances warrant, herring fishers violating Fisheries Acts and Regulations are
prosecuted. In addition the DFO will request the courts to suspend licenses and/or reduce quotas
of those guilty of fisheries offenses. For example, if a purse-seine vessel exceeds its quota, then
the overageif less than 100 tonsis deducted from the nest year’s quota, and if the overage is
greater than 100 tons other additional actions are taken.

In general, DFO does a good job of ensuring that the herring fleets comply with all laws and
regulations governing the fishery. The herring industry partners with the government to facilitate

this compliance.

5.8. Summary -Canadian herring

Modest quantities of herring had been harvested from the western Atlantic for many years, but
after the demand for fish meal developed catches rose to as much as 800 thousand tons during
thel970s. The heavy exploitation resulted in overfishing of the western stocks of herring, catches
declined to alow of about 200 thousand tons, and since 1994 have fluctuated around 275
thousand tons. Canada and the United States instituted catch limitations and other controls on
the herring fisheries, which have resulted in some rebuilding of the stocks from the low levels
after the declinein the 1970s.

In recent years Canadian catches have varied between alow of 133 thousand tons taken in 1984
and a high of 279 thousand tons taken in 1988. Since 1988 catches have been declining and in
recent years have been near 150 thousand tons, the decline is mostly aresult of TACs imposed
on the fishery by DFO.

5.8.1. Themanagement system

Asaresult of the heavy overfishing by DWFN prior to 1980, the Canadian Government put into
place a management system designed to control fishing mortality within sustainable limits. The
system isinteractive in that the fishing industry has a nearly equal involvement in the research
and management of herring as does the government. Limited entry measures were implemented
aswell asITQs. Such limitations on the amount of gear authorized to fish resulted in less excess
fishing capacity, greater per vessel efficiency, the ability to reduce fishing mortality, and more
profitable gear operation. A seriesof TACswere set for the various fisheries, and a fishing
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mortality of Fo 1 was considered atarget worth striving for. 1n managing the Canadian herring
fisheries, DFO works closely with the United States NMFS on transboundary stocks. Although
the Canadian management system has failed to provide for certain desirable measures, such as
the setting of limit and target reference points, it has neverthel ess been successful in collecting
critical catch-statistical and biological datafor assessing the impact of the fishery on the health
of the herring populations, and for managing the fisheries, controlling levels of harvest and

fishing effort, and monitoring compliance with management recommendations.

5.8.2. Thefour fisheries

This report deals with the four components of herring from which Bumble Bee Foods purchases
product in Canada: SWNS/BoF (4WX) component, SWNB migrant juvenile component (NB

weir fishery), Offshore Scotian Shelf Banks component, and western Newfoundland component.

Various components of the SWNS/BoF stock spawns on different spawning grounds throughout
their areas of distribution, mixes somewhat with fish from other areas, and is managed under a
TAC program. Harvest of fish from the different spawning areas is monitored, and the areas are
surveyed to estimate abundance, and fishing effort is distributed over the fishery. In order to not
overfish a particular spawning component not more than 20 percent of the abundance on a
spawning grounds is harvested, i.e. E=0.20. Average catches for the SWNS/BoF component
during 2005-2007 were 49.4 thousand tons, slightly less than the 50 thousand ton TAC applied
by DFO, which reflects the success of the program in terms of compliance with the limits set on
harvests.

Two approaches have been used by science and industry to estimate the biomass of the 4WX

component.

The first approach relies on acoustic surveys conducted on aregular schedule in the key areas of
the fishery and showed an increase of 64 percent in the biomass in 2006 over 2005, and also

showed the exploitation rates (E) to have declined by nearly 40 percent.

The second approach involves an age structured analytical technique, VPA. The analyses
showed the spawning biomass to have declined from 500 thousand to about 70 thousand tons by
2006. The VPA aso provides estimates of fishing mortality (F), which roseto avery high level
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by 2004, and then to decline sharply in 2005 to about 0.8.

There are uncertainties associated with each of the methodologies. The acoustical surveysrely
on the assumption that herring pass through the spawning grounds in waves that have duration of
about 10-14 days; there is some evidence to suggest this may not be the case, which would bias
theresults. The VPA estimates suffer from errorsin aging which would likely cause F to be over
estimated and biomass to be under estimated.

The acoustic surveys, which reflect amore optimistic view of stock status, show that biomassis
increasing, which may be aresult of the lower quotas set for 2005-2007. The size composition
data also reflect an increase in average weight of fish in the catch of about 50 percent, and is
probably areflection of reduced fishing mortality.

The VPA estimate of F are well in excess of Fg 1, but the sharp drop in 2005 may be reflective of
reduced catches resulting from the TAC. The estimates of E from the 1999-2007 acoustic
surveys averaged about 0.17; converting these E values to F values resultsin an average F value
very near to the Fy; target being strived for. In other words using the acoustic data, DFO is
achieving its management goals;, average abundance isincreasing and fishing mortality
decreasing. However, aless optimistic view comes from examination of the VPA results, which
if correct suggest that DFO management is not achieving its goal of lowering F. A final
conclusion regarding the status of the 4WX component will have to wait aresolution to the
uncertainties mentioned above, and areanalysis of the age structured data after correction for
errorsin aging. Also, without an understanding of the natural variability in changing abundance
it isdifficult to know with any degree of assurance whether the component is currently in an
overfished state. There are no reference points such for determining whether the stock is below a
level at which it can support the MSY, that is, whether it isin an overfished state. Judging from
the trends in biomass and E from the acoustic surveys since the implementation of reduced TACs
in 2005, an increasing trend in overfishing apparently is not occurring. For these reasonsit is
more difficult to know whether the stock isin an overfished state, but at a minimum the
component should be considered fully exploited

Catches of the New Brunswick migrant juvenile component over the past 20 years have varied

between 9 and 39 thousand tons annually. The fish taken in this fishery were considered
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originally to be all migrants from the Gulf of Maine/Georges Bank Atlantic Herring Stock
Complex, which are assessed and managed in U.S. waters as a single stock complex. The stock
complex, from which the N.B. weirs harvest fish, is not considered to be overfished nor is
overfishing occurring. Nevertheless, U.S. scientists have expressed some concern over the
increasing concentration of fishing effort in the inshore Gulf of Maine region. Considering the
U.S. assessment and the fact that average catches in the fishery have been well below the 20
thousand ton target assigned by the U.S. in their analysis, it is possible that this component may

not be fully exploited, however, from a precautionary point of view, it is categorized as yellow.

The herring captured in the Offshore Scotian Shelf Banks are considered to be a separate stock
for management purposes. Canadian fishermen did not begin to harvest herring on the bank until
1996 when about 12 thousand tons were captured. Since then, catches have averaged near 8
thousand tons per year. The catch for 2007 declined to 5.4 thousand tons from nearly 10
thousand tons taken in the previousyear. DFO scientists have stated that “ The variability in
catch levelsis often due to problems of fish being too deep, weather and market conditions rather
than in the abundance of herring”. The herring taken in this area are usually relatively large fish
mostly adults >23cm, with 37 percent being larger than 30cm (Figure 27). Bottom trawl surveys
have shown a pattern of increasing abundance of herring during the 1990s. There have been no
industry surveys of the Offshore Scotian Shelf since 2001, consequently, there continues to be
poor information with which to estimate stock size, distribution, and spawning behavior for this
component. This makesit difficult to assess the status of the Offshore Scotian Shelf component.
However, based on what little information has been currently available, DFO scientists have
stated there is “no reason to change the previous recommendation that the initial catch allocation
for 2008 should not exceed the 12,000t as described in the fishing plan.” This conclusion
implies that the current level of harvest for the Offshore Scotian Shelf component is sustainable.
For these reasons and the fact that recent average catches have been about 6 thousand tons and
can be sustained at double that amount on the average if demand and fishing conditions permit,
the component is considered to not be fully exploited.

In the west coast of Newfoundland herring fishery 2 stocks are exploited in separate locations
during spawning aggregations. Over the past 12 years, herring landings on this fishery have
varied between about 11 thousand and 21 thousand tons annually, increasing steadily since 1999
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to apeak in 2008. In almost every year the catches have been less than the TACs. DFO has not
conducted acoustic surveys to measure abundance of the stocks of herring in western
Newfoundland since 2002. However, some information on distribution, that is, presence or
absence of herring, is collected during bottom trawl surveys. Indices of dispersion, calculated
from the trawl data, show a considerable increase between 1998 and 2001, followed by adrop in
2003 and 2004 and a slight increase in 2005. In the most recent assessment report on western
Newfoundland herring, DFO scientists have noted that without an abundance survey, thereis no
analytical assessment being conducted on the two herring spawning stocks of the west coast of
Newfoundland, therefore, it is not possible to calculate their respective abundance, fishing
mortality, a minimum biomass limit or anew TAC. From a precautionary point of view, the 20
thousand ton TAC is maintained, and management is taking measures to distribute effort along
the coast and over the entire year to avoid overfishing of the stocks. Notwithstanding the fact
that recent average catches have been significantly lower than the TACs, because of alack of
adequate information the fishery is considered fully exploited, but not overfished.

Table5. The 2000-2007 aver age catch and status of herring by component (yellow signifies
fully exploited and green not fully exploited)

Component Status 2000-2007 M ean Catch
AW X 68,708
NB Weir 16.933
Offshore Scotian Shelf _ 5,018
Western Newfoundland 15,120

5.8.3. Bycatch and the ecosystem

Compared to many other net type fisheries, bycatch in the Canadian herring fishery isvery low;
therefore there is not a great deal of concern about the possible impact of bycatch on the species
taken. However, because herring are such an important component of the diet of other
organisms that live in the same habitat as the herring, there is concern over the impact of removal

of herrings by the fishery on the health of the ecosystem.
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Observer information from purse-seine vessels for 1991-2006, showed that spiny dogfish and
mackerel comprise the greatest part of the bycatch in terms of weight, followed by diver hake,
cod and avariety of other miscellaneous species. Paired mid-water trawls showed the highest
bycatch, but the sample was very small, and gillnets showed the least bycatch. About 30 percent
of the observed gear deployments resulted in some bycatch, but the total amount of bycatch
relative to the total targeted herring catches varied between 0.0 and 1.8 percent, and averaged
about 0.5 percent.

Very few marine mammals are taken during herring fishing operation. Out of 1,730 observed
operations of weirs and purse-seine sets, there were only 5 observed captures, and all were
released unharmed. Birds are rarely taken as a bycatch in the herring fishery, and the bycatch of

turtlesis believed to be extremely low.

There has been considerable concern expressed over the possible impact removals of herring by
the fishery may have on the health of the ecosystem. It has been assumed that if the natural
mortality rateis 0.2, and the SSB is maintained at moderate to high levels, there would be
sufficient herring to fulfill its role as a keystone forage species. A recent study found
consumption of herring was related to herring abundance, and that when it was low, total
consumption was low, and when abundance was high total consumption increased. The study
also found that because the natural predators and the fishery harvest the same size groups of
hearing the two are competing for the same fish, therefore it isimportant to evaluate more clearly
the role of herring in the ecosystem, as without such an understanding effective management

could suffer.

Although bycatch in the herring fishery does not seem to pose a serious impact on the ecosystem,
the removal of herring from the stock could pose a problem if biomassis allowed to decline from

the current moderate levelsto very low levels.

6. U.S herring

Near the end of the 1960s total harvests from the Gulf of Main-Georges Bank complex reached
nearly one-half million tons, thereafter herring abundance and catches declined, most likely due
to heavy exploitation. After 1980, U.S. flag vessals began to enter the fishery in increasing

numbers and since 1990 catches from these stocks have varied between about 80 and 133
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thousand tons; after the peak catch of 133 thousand tons in 2001(Figure 31) they declined to
about 80 thousand tonsin 2007.

The fishery in the Gulf of Maine utilizes both fixed and mobile gear. The New Brunswick weir
fishery takes the major share of the fixed gear harvest, catches varying between 9 thousand and
44 thousand tons. The mobile gear is currently comprised mostly of single and paired mid-water
trawl, and harvests have ranged between 27 thousand and 81 thousand tons annually.

Distant water fishing fleets captured about 375 thousand tons of herring from Georges Bank in
the late 1960s, but plummeted to about 40 thousand tons by the early 1970s. Subsequent fishing
by U.S. and Canadian vessels on the Bank resulted in catches of up to 35 thousand tons,
averaging about 13 thousand tons since 1994. Most of the catch from this areais taken by U.S.

mid-water trawl vesseals.

Figure 31. Total herring landings Gulf of Maine-Ger oges Bank (from Over holtz,
2006,NEFSC, NOAA).

Atlantic herring, which spawn in the Gulf of Maine (GOM) and on Georges Bank, are harvested
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in five major fisheries: 1) coastal Maine, New Hampshire, and Massachusetts (5Y), 2) Nantucket
Shoals/Georges Bank (52), 3) Southern New England (5Zw), 4) Mid Atlantic (SA 6) 5) and
along the New Brunswick coast (4X). An unknown portion of GOM herring are also caught in
the Canadian Bay of Fundy/Southwest Nova Scotia (4WX) fishery, although the numbers are

assumed to be small.

The herring exploited in U.S. waters are considered to be part of a single population within
which there are a number of different spawning components. The herring separate during
spawning but mix during feeding and over-wintering periods, assessments are conducted for the
entire population as asingle unit. However, for purposes of management and in order to allocate
fishing effort to various components of the population, the fishery is separated into four different
areas (Figure 32). Catch statistical data is compiled by area, and management measures
formulated for each of them. Trendsin harvest by area are shown for 1960-2000 (Figure33).
During 2007, approximately 60 percent of the harvest was from area 1A, 9 percent from 1B, 19

percent from area 2, and the remainder from area 3.
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Figure 32. Management areasfor herringin U.S. waters (NEFMC).
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Figure 33. Percentage of U.S. herring catch taken within each management ar ea.

A wide array of fishing gear is used to harvest herring, and the trends in capture by gear for
1960-2001 are shown in Figure 34. During 2006 and 2007 about 53 percent of the catch was
taken by pair mid-water trawl, 27 percent by purse seine, 13 percent by single mid-water trawl, 5
percent by bottom trawl, and the remainder by avariety of other gear.
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Figure 34. Percentage of U.S. herring harvest by gear type.
6.1. Institutional arrangementsfor science and management
6.1.1. National

There are two institutions that share responsibility for conducting scientific studies and
management of U.S. herring, in addition to the individual states in whose waters herring are

captured.

The Atlantic States Marine Fisheries Commission (ASMFC) isresponsible for coordinating the
activities of the states with respect to herring science and management. The ASMFC was
formed by the 15 Atlantic coast states in 1942 in recognition that fish do not adhere to political
boundaries. The Commission serves as a deliberative body, coordinating the conservation and
management of the states' shared near shore fishery resources. Member states are Maine, New
Hampshire, Massachusetts, Rhode Island, Connecticut, New Y ork, New Jersey, Pennsylvania,
Delaware, Maryland, Virginia, North Carolina, South Carolina, Georgia, and Florida. The
mission of ASMFC isto promote the better utilization of the fisheries of the Atlantic seaboard by
the development of ajoint program for the promotion and protection of such fisheries, and by the

prevention of physical waste of the fisheries from any cause.

The National Marine Fisheries Service (NMFS) is part of the U.S. Department of Commerce's
National Oceanographic and Atmospheric Administration (NOAA) and is responsible for
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management of fisheries resources beyond state waters, which area accounts for most of the U.S.
herring catch. Previousto 1976 Atlantic herring was managed by the International Commission
for the Northwest Atlantic Fisheries (ICNAF). Although ICNAF set annual catch limits, they
were often in excess of scientific recommendations and failed to halt overfishing. After
extension of itsjurisdiction to 200 miles, the United States assumed responsibility for herring
management in its waters. NMFS operates through a series of eight regional fisheries councils.
The Northeast Fisheries Management Council (NEFMC) has responsibility for herring
management in U.S. northeast Atlantic waters beyond state jurisdiction, but within 200 miles of
the coastline. Within the council, an oversight committee is responsible for formulating
management recommendations for herring. An Atlantic Herring Advisory Panel, comprised of
individuals from industry, science, and environmental NGOs, as well as other general
stakeholders, meets regularly with the oversight committee to provide input into the devel opment
of management plans. A Plan Development Team (PDT), made up of scientists, managers and
other technical experts, works with the oversight committee and advisory committee to provide
technical expertise for plan development. A fisheries management plan (FMP) was first
developed for herring in 1978 and its goals were to manage herring stocks in the Gulf of Maine
and on Georges Bank to ensure higher levels of spawning biomass, stable recruitment, and
rebuild the juvenile herring resource in the Gulf of Maine. Since 1978 the FMP has undergone a
number of updates. The NEFMC and ASMFC have worked jointly to develop and improve
FMPs.

The Council and the Commission decided that the most flexible means of managing the fishery
was for the Council to develop an FMP for federal waters, and the Commission to develop an
amendment to its existing Atlantic herring management plan for state waters. Recognizing the
importance that the two plans complement each other, the Council and Commission worked
closely in devel oping these two documents; they also identified the necessity for improvements
in US/Canadian cooperation in herring management and the need for better scientific information
(particularly with respect to individual stock assessments). It was also recognized that as atrans-
boundary stock, both the U. S. and Canada would benefit from the development of

complementary management measures.

The goals and objectives of the Atlantic herring fishery management program were specified in
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Amendment 1 to the Herring FM P and frame the long-term management of the resource and
fishery:

The stated goal of the FMP isto manage the Atlantic herring fishery at long-term sustainable

levels consistent with the National Standards of the Magnuson-Stevens Fishery Conservation and

Management Act.

The stated objectives of the program are to:

1. Prevent overfishing and harvest the Atlantic herring resource consistent with the definition of

overfishing contained in the Herring FMP.
. Prevent the overfishing of discrete spawning components of Atlantic herring.

. Avoid patterns of fishing mortality by age which adversely affect the age structure of the
stock.

. Provide for the orderly development of the herring fishery in inshore and offshore areas,

taking into account the viability of current and historical participantsin the fishery.

. Providefor long-term, efficient, and full utilization of the optimum yield from the herring
fishery while minimizing waste from discards in the fishery. Optimum yield is the amount of
fish that will provide the greatest overall benefit to the Nation, particularly with respect to
food production and recreational opportunities, taking into account the protection of marine
ecosystems, including maintenance of a biomass that supports the ocean ecosystem, predator
consumption of herring, and biologically sustainable human harvest. Thisincludes
recognition of the importance of Atlantic herring as one of many forage species of fish,

marine mammals, and birds in the Northeast Region.
. Prevent excess capacity in the harvesting sector.

. Minimize, to the extent practicable, the race to fish for Atlantic herring in all management

areas.,

. Provide, to the extent practicable, controlled opportunities for fishermen and vesselsin other
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Mid-Atlantic and New England fisheries.

9. Promote and support research, including cooperative research, to improve the collection of
information in order to better understand herring population dynamics, biology and ecology,

and to improve assessment procedures.
10. Promote compatible U.S. and Canadian management of the shared stocks of herring.

11. Continue to implement management measures in close coordination with other Federal and
State FMPs and the ASMFC management plan for Atlantic herring, and promote real-time
management of the fishery.

Thereis currently underway an initiative to amend the current FMP (Amendment 4), the goal of

which isto improve catch monitoring and ensure compliance with the Magnuson-Stevens

Reauthorization Act of 2006. It isexpected that this amendment will become effectivein 2011.

6.1.2. International

There is mixing of herring between Canadian and United States waters; a component of the US
stock moves north into coastal areas of New Brunswick where it supports an important weir
fishery, and a portion of the Canadian stock moves onto the U.S. portion of Georges Bank.
Because of these migrations, the two nations cooperate in scientific studies of the transboundary
stocks. Although herring currently is not managed jointly with Canada, the two nations
cooperate in assessing the resources. There are anumber of arrangements for such cooperation,
but much is accomplished through the Canada/US Herring Steering Committee.

Before extended jurisdiction, Canada and the United States worked through the International
Commission of the Northwest Atlantic Fisheries (ICNAF) to stem the tide of overfishing by
DWFNSs, but these efforts were unsuccessful and the resource declined, due apparently to excess
fishing mortality. The overall objective of the North Atlantic Fisheries Organization (NAFO),
which was founded in 1979 as a successor to ICNAF, isto contribute through consultation and
cooperation to the optimum utilization, rational management and conservation of the fishery
resources of the Convention Area. Since its area of jurisdiction does not include the EEZs of
coastal states, NAFO is primarily concerned with herring that are taken on the high seas where

catches are minor. After extended jurisdiction each nation assumed responsibility for managing
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herring resources in their respective waters.

Because of intermingling of the stocks, the two nations devel oped a series of cooperative
arrangements to address the problem of transboundary species entering their commercial catches,
and established the Canada-USA Steering Committee as an overarching arrangement for
discussing and coordinating management of the transboundary species. As mentioned in the
preceding sections of this report, the Transboundary Resource Assessment Committee (TRAC),
the Transboundary Management Guidance Committee (TMGC), and the Bilateral Fisheries
Enforcement Agreement (BFEA), which were created under the umbrella of the Steering
Committee, work towards the development of joint scientific stock assessment, the sharing
agreements, and enforcement and compliance measures for transboundary species. The TRAC
for herring, which was formed in 2005, coordinates stock assessment research between scientists
from Canada and the United States. In assessing the status of the stocks and setting management
measures for the United States fishery, scientists take into account the removals by the New
Brunswick weir fishery.

6.2. Status of the stocks

Although in the past there were considered to be two separate stocks of herring in U.S. waters,
one in the Gulf of Maine and the other on Georges Bank including Nantucket Shoals, current
genetic studies provide no evidence of separation. However, NEFMC scientists have indicated
morphometric analyses suggest that discernable differences exist among herring from the Gulf of
Maine and Georges Bank-Nantucket Shoals. Within this population of fish, components separate
during spawning, but intermingle during overwintering and feeding. For assessment purposes the
resource is considered asingle unit. Combining the herring into a single stock has certain
advantages, however, it resultsin several management difficulties, especialy for the smaller
components, and leads to some uncertainty. This uncertainty related to mixing of the stocksis an
important scientific issue, because without the ability to distribute effort over each spawning
component in proportion to that components abundance, the result could be local overfishing;
therefore, high priority should be given to resolving this uncertain to ensure that effective

management appliesto all stock components.

A variety of approaches have been used over the years to assess the impact of fishing on the
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population of herring, and to estimate trends in stock abundance. These have included larval

surveys, acoustical and trawl surveys, and production and aged structured modeling.

6.2.1. Larval abundance

Surveysto estimate the abundance of larval herring less than 10mm in length were first initiated
in 1956 by scientists of the Fisheries Research Board of Canada. In 1971 ICNAF began an
international program to estimate and monitor larval abundance of herring along the eastern
seaboard of Canada and the United States. This program was terminated by ICNAF in 1977. At
this time Canada resumed its program to estimate larval abundance and the United States
commenced a resource monitoring program (MARMAP) that included estimating larval
abundance of herring. The U.S. program lasted from 1977 to 1987, but mapping the abundance
of larval herring was continued after 1987 by the NMFS Northeast Fisheries Science Center
(NEFSC). Trendsin the abundance of larval herring conformed rather closely to the collapse of
the herring fishery and to other estimates of herring abundance (Figure 35). The Canadian and
U.S. estimates of larval abundance for Georges Bank and Nantucket Shoals reflect a high
abundance prior to the collapse of the fishery during the mid-1970s, and increased abundance
after the 1980s. It will be shown below that these trends in abundance follow the trendsin
abundance estimated from other methods, and that the increase after 1985 was concurrent with a
reduction of fishing mortality during the late 1970s and early 1980s. The larval data aso showed
acontraction in the distribution of larvae during the 1970s and early 1980s throughout its historic
range; the contraction in distribution was associated with the rapid decline in population
abundance associated with high fishing mortality and low recruitment. Aslarval abundance
began to increase sampling showed that the distribution began to return to pre-collapse patterns;
i.e. the herring popul ation was expanding to its former range. Such contractionsin range may be
expected when a stock is severely reduced in abundance, either by fishing or natural causes.
Also, when stock abundance is severely reduced growth rates of individual fish may increase, as
may survival, probably related to less competition for food and space. Thisis seenin the growth

rates shown in Figure 36, for herring on Georges Bank.
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Figure 35. Trendsin the abundance of larval herring on Georges Bank and Nantucket
Shoals, expressed in number/10m2 (Overholtz 2004).

The size at age for herring during 1983-1985, period when herring abundance on Georges Bank
was extremely low, was significantly greater than during the period 1987-1991 after the stock
had rebuilt substantially. Similarly, survival rates, expressed as recruits per spawning biomass,
showed, on the average, sharp increases during the period when herring abundance was very

low, and decreases during periods of high abundance (Figure 37).
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Figure 36. Mean length at age for herring on Geor ges Bank.

Figure 37. Trendsin survival ratios (R/SSB) of herring (Overholtz, 2006).

Both Canada and the United States abandoned larval surveys during the late 1990s and
concentrated their efforts on trawl and acoustic surveys to monitor herring abundance.
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6.2.2. Acoustic and trawl surveys

Acoustic surveys were carried out from 1998 to 2001 to study the distribution and relative
abundance of herring on the Gulf of Maine-Georges Bank complex. Survey designs were
developed for ship tracks, and mid-water trawls were conducted during all acoustic surveysto
confirm species composition of the acoustic backscatter. Results from the acoustic surveys
corroborated other evidence showing that depleted stocks of herring were rebuilding and
inhabiting areas where they had previously been abundant.

In addition to acoustic surveys, both Canada and the United States have used bottom trawl
surveys to study the distribution and abundance of herring. The surveys have varied over time
and space. The Canadian trawl surveys are designed to target primarily ground fish species, but
collect useful information on herring. The U.S. fall surveys, which began in 1963, cover the
entire distribution of herring in national waters. The winter surveys were started in 1993 and
cover much of the distribution of the overwintering stocks. NMFS research vessels were used to

conduct the bottom trawl surveys. The results of the surveys are shown in Figure 38.

Figure 38. Summary of Canadian and U.S. bottom trawl surveys (NEFMC).

Taken together, the indices of abundance reflect the collapse of the fishery during the 1970s and
the rebuilding beginning in the mid-1980s. By the early 1990s abundance peaked and generally
has stayed high since, but with a high degree of variability. These trends track closely with the
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trendsin larval abundance shown in Figure 35, except that the 1973-1974 peak shown in the
larval indicesis not evident in the trawl data.

6.2.3. Agestructured modeling

There has been a number of analytical modeling approaches used over the years to assess the
status of the herring stocks found along the eastern seaboard of the United States.

Some of the earliest modeling efforts were undertaken in the 1970s for the Gulf of Maine and
Georges Bank herring by ICNAF using VPA approaches in which there was no tuning of the
models nor fishery independent estimates of fishing mortality. Each area was assessed
separately. The results estimated Georges Bank biomass to be very high, about 1.3 million tons,
prior to the expansion of fishing in 1970 and to decline to less than 200 thousand tons by 1976.
A similar pattern was evident for the Gulf of Maine, biomass, which declined from 160 thousand
tons to about 60 thousand tons over the same period as for the Georges Bank analysis.
Additional assessments were undertaken for the Gulf of Maine stock in the 1980s, and these
showed a decline to 30 thousand tons in 1982, followed by rebuilding in the late 1980s to about
150 thousand tons. A significant concern with these assessments, which were conducted
independently for the Gulf of Maine, Georges Bank, and Nantucket Shoals stocks, was the
mixing among the stocks during overwintering and feeding migrations. These concerns resulted
in a consensus among scientists that for the purposes of assessing abundance, herring from the
coastal Gulf of Maine, Nantucket Shoals and Georges Bank be treated as a single population, and
that catches from the New Brunswick weir fishery should be included in the complex. There
were several additional analyses conducted for the Gulf of Maine-Georges Bank complex which
gave similar conclusions to the earlier assessments.

The most recent full assessment, using VPA, forward projection analysis, and Adapt modeling,
utilized updated catch at age, and spring survey indices to tune the model, was completed in
2004, with some updates to 2006.

For the forward projection analysis it was assumed that natural mortality was 0.2, the
stock/recruitment relationship followed a Beverton-Holt curve, maturity was knife edge at age 3,
and growth followed avon Bertalanffy curve. For these analyses there was concern over the fact
that a comparison of age estimates based on otolith readings differed substantialy between U.S.
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and Canadian scientists. There was atendency for the Canadians to under-age relative to U.S.
readings. The differences were as great as 50 percent for the older age groups.

Figure 39 shows catches to have averaged about 150 thousand tons prior to 1966, to increase
rapidly to a peak of near 500 thousand tons in 1968, to decline precipitously to 50 thousand tons
in 1977, to increase and average about 125 thousand tons after 1995. Fishing mortality during the
early 1960s was low, but increased substantially with expansion of the fishery, exceeding 1.0
during the late 1970s and early 1980s. Asaresult of increased recruitment and controls on the
fishery, mortality declined rapidly and has averaged about 0.1 since 1990; and based on recent
examination has remained near that level through 2005.

The 2004 analysis provided estimates of total stock and spawning stock biomass for 1959-2003
(Figures 40 & 41). Prior to the expansion of the fishery in the late 1960s, total biomass averaged
about 1.3 million tons, but once heavy exploitation commenced it declined precipitously and
reached alow of less than 100 thousand tonsin the early 1980s. Asaresult of increased
recruitment and reduced exploitation, initiated through actions by Canada and the United States,
biomass began to increase and reached a peak of nearly 2 million tons during the last few years
estimated in the analysis. The estimates in spawning stock biomass followed very closely to the
trendsin total biomass. The estimated spawning stock biomass was at a pre-collapse peak of
about 1.1 million tons, declined to alow of about 40 thousand tons after the collapse, then rebuilt
to nearl.6 million tons. An update of the biomass estimates using data through 2005 gave results

very similar to those for the 2004 analysis.
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Figure 39. Trendsin landings, in thousands of tons, and fishing mortality for herring from
the Gulf of Maine and Geor ges Bank (Over holtz 2004)

Figure40. Total biomass estimate for Gulf of Maine-Geor ges Bank Herring Complex.
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Figure41. Spawning stock biomass, Geor ges Bank-Gulf of Maine complex.

The model estimated three major phases in recruitment of herring to the Gulf of Maine-Georges

Bank complex: relatively high during the pre-collapse period, with spikesin 1968 and 1970 year
classes, low during 1976-1986, then high again after the reduction in fishing mortality, with very
high 1994 and 1998 year classes (Figure 42). Recruitments from the 1999, 2000, and 2003 year

classes were weaker than average.

Figure 42. Recruitment biomass of age 2 herring.
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The 2004 age structured modeling was used to estimate yield-per-recruit reference levels, which
were: Fp1=0.18, Fuax=0.4, and F400,-0.15; a 2006 update of these gave Fp1= 0.21 and Fapo,=
0.20.

ADAPT isadtatistically based age structured model used to estimate historical stock sizes of an
exploited population. The statistical basis of the ADAPT model isto minimize the discrepancy
between observed variables and predicted values. The data used in the ADAPT analysis are
similar to those used in the forward projection analysis; such as age composition, mean weight,
percent maturity, and various tuning indices. A broad array of tuning indices were used: 1963-
2002 U.S. fall catch/tow data, 1968-2—2 U.S. spring trawl data, 1992-2002 U.S. winter trawl
data, 1986-2002 Canadian trawl data, 1999-12002 U.S. acoustic data, U.S. 1971-1994 larval
data, and Canadian 1987-1995 larval data. Results from the ADAPT analysiswere similar in
many respects to the results from the forward projection analysis and were considered to be

equally acceptable.

The ADAPT assessments also showed that the Gulf of Maine-Georges Bank complex had
recovered from low biomass in the 1980s. Fishing mortality increased from the late 1960s
through the late 1970s, reaching 1.1 in 1980; it declined after 1980, averaging 0.3 during 1983-
1997. Recent F' s have averaged about 0.2 and 2002 was 0.18. Stock biomass declined from a
high of about 1.2 million tonsin 1967 to less than 100 thousand tonsin 1982. Total stock
biomass recovered very slowly during 1983-1994 to about 220 thousand tons and then more
quickly to about 700 thousand tons in 2002. Spawning biomass followed the same pattern.
Recruitment was relatively low during 1972-1994 and two large year-classes occurred in 1994
and 1998. Yield per recruit reference points were re-estimated and results were Fmax=0.40,
Fo1=0.18, and F40%=0.15. MSY based reference point estimates were obtained with an
asymmetrical model and results were Fmsy of 0.25, MSY of 222 thousand tons, and Bmsy of
896 thousand tons.

A magjor difference in the two assessment results was in the estimates of the biomassin 2002; 1.8
million tons for the forward projection and 600 thousand tons for ADAPT.

6.2.4. Production modeling

Two general production models were used with catch data and biomass estimates to estimate
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surplus production parameters for Gulf of Maine-Georges bank herring complex. The Schaefer
model describes the relationship between the two variables as a parabola and the Fox model as

asymmetrical. The 2004 estimates from the models are given in the following table:

Schaefer,2004 | Fox, 2004 | Fox,2006
Bmsy | 1,030,000 896,000 | 629,000
MSY 243,000 222,000 | 194,000
Fumsy 0.24 0.25 0.31

Results from the two models are quite close, which would be expected since the same data was

used in each analysis. The estimates provide useful biological reference points with which the

current and past states of the stock can be compared.

The parameters for the Fox model were re-estimated in 2006 and were:Fysy= 0.31, MSY =194

thousand tons, and Bysy = 629 thousand tons.

Using the estimates of surplus production from the 2006 asymmetrical model it is clear that the
catches exceeded surplus production in almost every year during 1961 through 1976, that is
overfishing was occurring (Figure 43). Subsequent to 1981, in every year except two, the catch
was substantially less than surplus production, implying that the stock was in arebuilding mode.
From 1977 onward actual catches were lessthan MSY as estimated by each model.

Summarizing the overall results of the 2004 analyses and the 2006 updates, the Gulf of Maine-
Georges Bank herring complex has recovered from the devastating collapse in the early 1970s
and is now at about one million tons, a pre-collapse level, which is substantially above the Busy
levels estimated by the two model runs. Fishing mortality in recent years has remained low,
averaging about 0.1, which isless than Fysy of 0.25 and 0.31, and Fo; of 0.21. The Gulf of
Maine-Georges Bank herring complex isnot in an overfished state nor is overfishing

occurring.

Even though overfishing is not occurring for the component in general and the stock is
apparently above the Bysy level , concern has been expressed that the inshore portion of the Gulf
of Maine stock may be unable to sustain increased fishing pressure over the long term, and in

fact may not be able to sustain current levels of fishing, therefore, for the purposes of this report
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and from a precautionary point of view it isclassified yellow.

Figure 43. Catchesand surplus production for Gulf of Main-Geor ges Bank herring
(Overholz, 2004),.

6.3. Conservation and management

The history of herring management on Georges Bank under ICNAF was the establishment of
catch quotas. After withdrawing from ICNAF in 1976, the United States, under the authority of
the MFCMA,, and through the NEFMC, developed the first U.S. Fisheries Management Plan
(FMP) for herring in Atlantic waters. This plan, which was approved by the Secretary of
Commerce and entered into force in 1978, undertook to manage the Gulf of Maine-Georges
Bank complex in a manner that would maintain the spawning biomass at alevel that would
ensure continued and relatively stable recruitment, and rebuild the sardine industry in the Gulf of
Maine. Under the aegis of the FMP, catch levels were set for the Gulf of Maine stock and the
Georges Bank stock during the 1978-1979 fishing year. Because of the need to continue fishing
after the announcement of closures by the Federal Government, states such as Maine and
Massachusetts did not enforce the closures against their fishermen in state waters. Therefore, to
overcome this problem an amendment to redefine the management unit to include all herring
age-3+ from the shoreline of New England and the Mid-Atlantic states out to the limit of the
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U.S. EEZ was implemented. However, there continued to be differences between the states and
the Federal government over the management and assessment of herring. As these differences
continued to expand, the States of Maine, New Hampshire, Massachusetts, and Rhode Island, in
1983, developed an Interstate Sea Herring Management Plan to replace the FMP. The plan
rejected quota management and used a system of spawning closures to achieve its management
objectives. By 1992, the Interstate plan was found to be inadequate to the task of managing
Atlantic herring, so the NEFMC and the ASFM C began joint efforts to develop anew FMP,
which was adopted in 1994. As conditionsin the fishery changed, new FMPs were
implemented. The ASFMC and the NEFM C continued to work together closely to improve the
management plans. It was decided that rather than develop ajoint FMP, amore flexible
approach to managing the fishery would be for the Council to develop an FMP for federal
waters, and the Commission to develop an amendment for state waters. The current FMP was
implemented in 1999 by the NEFMC in cooperation with ASFMC. There have been three
amendments to the 1999 FMP, and to these amendments there have been several regular and
technical addendaimplemented. These amendments and addenda, which deal with a number of
different management measures, define overfishing as being a situation in which the biomassis
driven to alevel at or below 20 percent of the unfished biomass. An additional anendment,
Amendment 4, which is not yet in force, has been initiated by the NEFMC to deal with
improvement of catch and bycatch monitoring, and with annual catch limits, including the
possibility of individual catch quotas. The primary goals of the 1999 plan areto: achieve, on a
continuing basis, optimum yield (OY) for the United States fishing industry and to prevent
overfishing of the Atlantic sea herring resource; provide for the orderly development of the
offshore and inshore fisheries, taking into account the variability of current participantsin the
fishery, and; provide controlled opportunities for fishermen and vessel in the other mid-Atlantic

and New England fisheries.

The 1999 FMP, which defined the management unit to include all the Atlantic herring within the
United States' territorial sea and the Exclusive Economic Zone (EEZ), uses a catch quota system
to manage the fishery; when 95 percent of the annual quota is caught within one of the herring
management areas, that areais closed to fishing. The management areas delineated in the plan
are: Area 1-the Gulf of Maine, Area 2-Nantucket Shoals, and Area 3-Georges Bank. Area 1 was
further subdivided into Area 1a-the inshore waters, and Area 1b- the offshore waters (Figure 32).
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In Canada, herring from the Gulf of Maine occur in two Canadian management areas: the Bay of
Fundy Region of 4X, and the Canadian portion of Georges Bank (5Z). The FMP considersthe
portion of herring biomassin each of the three areas during the spawning season to be: Gulf of

Maine-25 percent, Nantucket Shoals-55 percent, and Georges Bank-20 percent.

A maximum fishing mortality of F=0.3 is designated in the 1999 FMP, and the corresponding
minimum biomass level is established as one half the biomass at MSY. When the total biomass
is greater than that corresponding to the MSY level, the target fishing mortality is defined as
F=0.28, however, when MSY isless than that amount, target fishing mortality is determined
based on a schedule requiring five years to rebuild the stock to the MSY level.

The FMP notes that “ The primary management measures recommended include: (1) the adoption
of aTotal Allowable Catch (TAC) for the herring fishery and distribution of the TAC acrosstime
and area, (2) closure of the directed herring fishery in an area when the TAC is reached, (3)
effort controlsto limit catches asa TAC is approached, (4) the permitting of all participating
vessels, operators, dealers, and processors, (5) mandatory data reporting for all licensed vessels,
dealers, and processors, (6) restrictions on size of vessels allowed in the fishery, (8) spawning
area closures, (9) restrictions on joint venture processing activities, (10) adoption of an
overfishing definition, and (11) designation of essential fish habitat. The FMP will allow for the
development of a sustainable fishery that targets the entire herring resource. Overfishing will be
prevented through the use of effective management controls as the fishery develops. An annual
scientific review of the resource will allow for adjustments to the fishery as aresult of

fluctuations in stock size”.

Federal Amendment 1 was approved by NMFS on behalf of the Secretary of Commerce on
December 6, 2006, and included changes to management area boundaries, authorization of a
research set aside, provision to establish management measures for 3-year periods, vessel
monitoring system requirements, new permit specifications, a5 percent bycatch set aside for
each area, a seasonal midwater trawl prohibition in area 1A, and a set aside for certain fixed gear
fishermen. The following measures became effective on June 1, 2007: “Requirement for an All
Areas Limited Access herring permit to fish without being subject to possession limitsin any

herring management areathat is open to directed fishing; Requirement for an Areas 2 and 3
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Limited Access herring permit to fish without being subject to possession limitsin Area 2 or
Area 3 when they are open to directed fishing; Requirement for a Limited Access Incidental
Catch herring permit to possess and land up to 55,000 |b (25 mt) of herring from any herring
management areawhen it is open to directed fishing, with alimit of one landing per calendar
day; Additional measures that govern the limited access program, including a requirement to
have an operational Vessel Monitoring System (VMS) and to comply with notification
requirements; Requirement for an Open Access Herring Permit to possess up to 6,600 Ib (3 mt)
of herring per trip, with alimit of one landing per calendar day; Provisions that require NMFSto
close each herring management area when 95 percent of the TAC alocated to the area has been
landed, with all vesselsrestricted to alanding and possession limit of 2,000 Ib, with alimit of
one landing per calendar day; A revised definition of midwater trawl gear, and a measure that
prohibits vessels using single or midwater trawl gear from fishing in Area 1A from June 1
through September 30 of each year; A measure that allows up to 500 mt of the Area 1A TAC to
be set aside for harvest by weirs and stop seines west of Cutler, Maine, until November 1 each
year, at which time it revertsto the overall Area1A TAC; Clarification of measures to address
bycatch in the herring fishery that require vessels issued the All Areas Limited Access Herring
Permit or the Areas 2 or 3 Limited Access herring permit to comply with specific requirements
enacted to address Northeast (NE) multispecies (particularly haddock) in the Gulf of Maine; and
Prohibition of the retention of NE multispecies by vesselsissued a Limited Access Incidental

Catch herring permit or Open Access herring permit”.

One of the major features of Amendment 1 was the establishment of a limited access programin
the herring fishery. There are four permit categories: 1) limited access permit for all management
areas; 2) limited access permit for accessto Areas 2 and 3 only; 3) limited access incidental

catch permit for 25 tons per trip; and 4) an open access incidental catch permit for 3 tons per trip.

For the 2007-2009 fishing years the allowable biological catch (ABC) was set at 194 thousand
tons annually, and is consistent with the most recent estimate of MSY of 194 thousand tons. The
optimum yield (OY) value was set at 145 thousand tons, allowing a buffer of 29 thousand
between ABC and OY (including 20 thousand tons for the Canadian catch). The buffer isto
offset the risk of overfishing individual stock components and the extent to which the offshore

fishery might be encouraged; it also alows for the importance of herring as a forage species.
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The OY isallocated as TACs to the management areas as follows. Area 1A-50 thousand tons,
Area 1B-10 thousand tons, Area 2-30 thousand tons, and Area 3-55 thousand tons. A research
set-aside of 3 percent was set for each area. The differences between the 2007-2009
specifications and those of the 3 preceding years are: A reduction of ABC from 220 to 194
thousand tons; a reduction of OY from 150 thousand to 145 thousand tons; areduction of Area
1A TAC from 60 to 50 thousand tons; an increase of 5 thousand tons for Area 3; and the
establishment of the 3 percent set-asides.

6.4. Effectiveness of management measures

The effectiveness of the management measures implemented by the Federal Government and the
concerned statesis evident by the fact that the herring resources in the Gulf of Maine and on
Georges Bank have been restored to high levels of abundance. Comparing the current status of
the stock with various reference levels, demonstrates that the management program for herring is
achieving its objectives. Fishing mortality since 2002 has been about 0.1, a value substantially
less than Fmsy=0.31, and less than Fq1=0.21; thislow rate of fishing mortality coupled with
improved recruitment has allowed the stock to rebuild to high levels of abundance. Similarly,
catches have consistently been less than the MSY level, again providing the stock an opportunity
to rebuild. The current estimates of biomass put the stock near one million tons, which is
substantially greater than the estimated MSY biomass of 629 thousand tons. Notwithstanding
these facts, there still remain a number of areas of concern regarding the effective management

of the Gulf of Maine-Georges Bank herring stocks.

Retrospective analyses have shown that biomass is generally overestimated during the most
current years and fishing mortality underestimated. In addition to this uncertainty, thereis
uncertainty with respect to the stock structure of herring. Although herring throughout the Gulf
of Maine-Georges Bank complex are considered to be a single intermingling stock, thereis
substantial evidence of separation. Herring from the two areas intermingle on the feeding and
over-wintering grounds, but segregate and return to their natal spawning grounds. The plan
development team (PDT), comprised of representatives of government and industry, identified 3
main uncertainties respecting mixing of the components:. 1) the mix of catch in the New
Brunswick weir fishery, which is currently assumed to be 100 percent from the inshore Gulf of
Maine component; 2) the mix of summer catch from Area A-1, and; 3) the seasonal mix of catch
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from Area A-2. If there are separate stocks with a great deal of mixing, and this fact is not
accounted for when determining the format of the management measures being considered, the
result could be local depletion or overfishing of one of the components. In fact, it appears that
trends in abundance estimates from survey data are tending downward in the inshore Gulf of
Maine component, which could be because fishing effort is not allocated over the area of the
fishery in proportion to the distribution of the stock; e.g., during 2007, 69 percent of the catch
was from area A, but only 25 percent of the biomass is estimated to be distributed throughout
area A. These downward trends have been cause for concern, and because of this, aswell as he
uncertainties mentioned above, management initiatives have been of a more cautious nature.
The OY and TACsfor the most recent years have been reduced in comparison to the previous

three year period, particularly in the inshore Area 1-A.

In order to conserve the spawning stock and ensure recruitment, the FMP provides for catch
restrictions on spawning herring. Fishing on spawning herring not only resultsin high catch
rates, but may also interfere with the spawning behavior of uncaught herring. Much of the
management program is designed to move fishing effort to the offshore areas where TACs have
not generally been fully harvested and the spawning component is believe to be strong. The
inshore component of the stock is considered to be the most susceptible to overfishing, hence,
management measures are focused towards giving the greatest protection to this portion of the
stock, which is considered to be the most vulnerable.

Because of uncertainties, and the risk that overfishing could occur given the design of the
management program, the PDT scientists have conducted risk assessment analysis. The analysis
examined projections of various catch and fishing mortality rates, the latter up to double over
current rates, over a 3 year period, and both the inclusion and exclusion of catches from the New
Brunswick weir fishery. Under the variety of scenarios of catch and fishing mortality, the stock

biomass showed declines, but remained above the MSY level.

6.5. Bycatch, discards, and ecosystem impacts

There are several important ecosystem concerns regarding the herring fishery in the Gulf of
Maine and on Georges Bank. One hasto do with the bycatch of non-target species and the

impact of this bycatch on the status of the non-target stocks, another with discards of the target
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species and the impact on the status of herrings stocks, and another with the impact of herring
catches on the availability of forage for other species.

In its evaluations, NEFM C defines bycatch as fish harvested in a fishery that are discarded at sea,
and incidental catch as any non-targeted fish which are not discarded. Over the past few years
NMFS has placed observers to monitor catches and bycatch on herring fishing vessels fishing in
U.S. Atlantic waters. The NEFMC, using NMFS data, has reported on 41 purse-seine, 44
midwater trawl , and 88 pair-trawl trips during 2005 on which observers recorded bycatch data.
The observer coverage represented about 17 percent of the total tripsin the 2005 herring fishery.
Total catches from the observed trips was 43.5 million pounds of all species, with 1.2 million
pounds, or 2.7 percent, being discarded (Table 6).

Table6. Total observed catch and bycatch in the 2005 herring fishery (NEFMC)

MIDWATER PAIR TRAWL | PURSE SEINE | TOTAL
TRAWL
DISCARD LBS 80,877 909,931 180,492 1,171,301
KEPT LBS 8,241,521 24,665,474 9,501,175 42,408,169
TOTAL LBS 8,322,398 25,575,405 9,681,668 43,579,472
BYCATCH % 0.972 3.558 1.864 2.688

Each type of gear sampled took a wide variety of bycatch species, with both pair and midwater

trawls taking a greater variety of species than purse seines (Tables 7, 8, and 9, all of which are

taken from NEFMC reports). Overall discards for purse-seine vessels were 1.86 percent of the

total purse-seine catch, for midwater trawl discards were 0.97 percent, and for pair trawl were

3.56 percent. Excluding Atlantic herring, the most abundant bycatch species for al gear types

was spiny dogfish, which accounted for 0.05 percent of the purse-seine catch, 0.25 percent of the

midwater trawl catch, and 0.22 of the pair trawl catch.

Table7. Catch and Discards (Lbs.) for 41 Observed Purse Seine Tripsin 2005 (NEFM C)

SPECIES DISCARD KEPT TOTAL
ATL HERRING 175,304 9,497,993 9,673,297
SPINY DOGFISH 4,990 4,990
BLUEFISH 90 90
LOBSTER 46 46

ATL MACKEREL 37 2,808 2.845
LGHRN SCULPIN | 9 83 92
STRPD BASS 6 6
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NK SCULPIN 6 6
SKATE 2 2
SQUID 2 2

YTAIL FLOUNDER | 4 4
WHITING 5 5
BLUEBACK 8 8
REDFISH 2 2

SHAD 59 59
LITTLE SKATE 4 6 10

SF SQUID 205 205
TOTAL 180,492 9,501,175 9,681,669

A number of the species taken as bycatch, such as Atlantic cod, witch flounder, American plaice,
yellowtail flounder, haddock, pollock, winter flounder, windowpane flounder, redfish, and white
hake are regulated species which cannot be retained onboard, and in some instances if retained

on board count against quotas.
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Table 8. Catch and discards (Ibs) from 44 observed midwater trawl trips, 2005 (NEFMC)

Table 7 summarizes all catch and bycatch information observed on the 41 purse seine trips
during the 2005 fishing year that were mentioned earlier, regardless of which species was the
primary target of the trip. These 41 trips represent a significant increase in observer coverage,
especially when compared with 26 purse seine trips that were observed during 1994-2004.
Bycatch amounted to 1.86 percent of the total catch on the observed trips during 2005. The
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bycatch of redfish, aregulated species, amounted to only 2 pounds. The majority of observed
purse seine bycatch in 2005 was Atlantic herring and spiny dogfish, and there was no bycatch of
haddock.

Table 9. Catch and discards (Ibs) from 88 observed pair-trawl trips, 2005 (NEFM C).

Table 8 summarizes all catch and bycatch information on 44 midwater trawl trips during 2005.
Bycatch on the observed midwater trawl tripsin 2005 accounted for only 0.97 percent of the
total catch. Regulated species catch, mostly haddock, redfish and white hake, was 23,925 pounds
and accounted for 0.29 percent of the total catch. Spiny dogfish bycatch was greater than any
other species on midwater trawl trips during 2005.

Herring Assessment Report Prepared May 2009 by Dr. James Joseph for Bumble Bee Foods 118



Table 9 summarizes all bycatch data for 88 pair trawl trips during the 2005 fishing year.

Bycatch comprised 3.56 percent of the total catch for these trips. Regulated species catch,
mostly haddock and Pollock, accounted for 0.05 percent of the total catch. Atlantic herring, spiny
dogfish, and Atlantic mackerel made up the major portion of the bycatch.

Because of budget limitations, the number of observed trips subsequent to 2005 declined; in
2006 and 2007, there were 127 trips as compared to 173 trips for 2005 alone. Broken down for
the 3 years, there were 15 observer trips on bottom trawls, 159 on paired midwater trawls, 69 on
single midwater trawls, and 57 on purse seines. These 300 observed trips represent 13 percent of
the total trips during the 3 year period. Overall, the data for 2006 and 2007 showed similar
patterns of bycatch to the 2005 data, a period when there were more observed trips.

A species of concern that is taken as bycatch in the herring fishery is haddock. NMFS has
implemented in the past a haddock bycatch cap for the herring fishery, which places alimit on
the total amount of haddock the can be landed by herring vessels. The intention of the cap isto
keep haddock possession to as close to zero as practicable while allowing the herring fishery to
operate. Data show that the haddock cap has not been exceeded and the herring fishery has

continued to operate without obstruction.

Two other finfish species listed by NMFS as species of concern and whose ranges overlap with
Atlantic herring, are blueback herring and alewives; they are commonly referred to as “river
herring.” Catches and spawning populations for these two species have been recently declining.
Because of the overlap in range among these species, significant quantities of river herring are
taken as a bycatch by trawl vessels. Purse-seine vessels, because they do not fish in areas of
overlap take only very minor amounts of river herring (Figure 44).

The NMFS monitors bycatch of river herring and uses that information in their management of

the species.

In general, with the possible exception of river herring, the level of finfish bycatch in the United
State' s herring fishery is comparatively low, and in most instances does not pose athreat to the
species being taken as bycatch, nevertheless Federal and state programs are directed towards
monitoring and mitigating finfish bycatch.
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Figure 44. Estimated river herring bycatch by gear, after Cieri, 2008)

I nteractions with marine mammals and seabirds, although very limited in occurrence, are well-
documented in the Atlantic herring fishery. Purse seines operating in this fishery are known to
take several species of seals and harbor porpoise, while midwater trawl gear (including paired
midwater trawls) has had documented interactions with pilot whales, white-sided dolphins, seals
and gannets. Observer coverage for purposes of estimating marine mammal bycatch isrelatively
low, but what is available does not indicate a high incidence of encounters. During 2005-2007
the following takes were recorded for 300 observed trips: pair trawlstook 11 white sided
dolphins most of which were dead, and 48 northern gannets, 58 percent of which were dead;
single midwater trawls took 1 white sided dolphin, 1 common dolphin, 1 pilot whale, and 2
northern gannet, 50 percent of the gannets were dead and all of the marine mammals were dead,
and; purse seinestook 18 gray sealsand 1 harbor seal, all of which werereleased alive. The
NMFS has listed the herring midwater trawl fishery, including pair trawls, in Category I1,
denoting afishery that has been determined to have occasional serious injury and mortality of
marine mammals. The purse seine fishery is considered to have aremote likelihood of
interactions and is listed in Category I11. This gear type has the ability to release entrapped
animals alive and, as reported in the NMFS sea sampling database, has considerable success in

releasing pinnipeds, as suggested in the figures presented above.

NMFS has noted that ship strikes and fishing gear entanglement continue to be the most likely
sources of human-related injury or mortality for whales. And as already noted trawl and purse
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seine vessels appear to be less of a concern for the large whale species. Other marine mammals,
however, such as harbor porpoise, dolphins and to a greater degree seals, are vulnerable to
entanglement in trawl and to a more limited extent in purse-seine nets. An Atlantic Large Whale
Take Reduction Team (ALWTRT) was formed in 1996 to address interactions between large
whales and fisheries in the western Atlantic. The main tools of the plan include a combination of
gear modifications and time/area closures in key aress.

NMFS scientists have noted that “ Turtlesin general have documented entanglements in shrimp
trawls, pound nets, bottom trawls and sink gillnets, but generally not in herring fishing gear. The
diversity of the seaturtle life history makes them susceptible to many human impacts, such as
impacts on land, in the benthic environment, and in the pelagic environment. Anthropogenic
factors that impact the success of nesting and hatching include: beach erosion, beach armoring
and nourishment; artificial lighting; beach cleaning; increased human presence; recreational
beach equipment; beach driving; coastal construction and fishing piers; exotic dune and beach
vegetation; and poaching. An increased human presence at some nesting beaches or close to
nesting beaches has led to secondary threats such as the introduction of exotic fire ants, and an
increased presence of native species (e.g., raccoons, armadillos, and opossums) which raid and
feed on turtle eggs.” Bottom trawls fishing in areas generally to the south of the principal
herring fishery have been reported to catch seaturtles; however, there are few bottom trawlers
that operate in the herring fishery, so any turtle encounters would be minimal. Nevertheless, all
marine turtles are either endangered or threatened, therefore NMFS attempts to look for any

possible interactions with the herring fishery, and if they exist to seek mitigation measures.

Because the mgjority of the U.S. herring catch is made with midwater trawl and purse seine, and
since both of these gear types rarely have contact with the bottom, there is little impact on habitat
in offshore areas. However, since near-shore areas support critical habitat for egg, larval and
juvenile herring, threats to these near-shore habitats are of greater importance to the species than
to offshore habitats. It isalso likely that near-shore activities will continue to increasein
importance. Such activities have been identified, inter alia, as chemical pollutants, sewage,
changes in water temperature, salinity and dissolved oxygen, suspended sediment and activities
that involve dredging and the disposal of dredged material. However, information regarding
such impactsis limited, but nevertheless of concern to those responsible for managing the
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herring fishery.

The Gulf of Maine and Georges Bank region is home to a variety of speciesthat consume
herring as anormal component of their diet. These predators include marine mammals, demersal
and pelagic fishes, and seabirds. Herring are considered to be a keystone forage speciesin this
dynamic food web; fluctuations in herring abundance are believed to have an impact on the
abundance and health of the predators. Many stakeholders, including recreational fishermen,
commercial fishermen targeting a variety of demersal species, whale watchers and bird watchers,
and the general public regularly express concern over the impact that harvesting herring may be
having on the predators. It has been commonly assumed that if natural mortality rates for herring
remain at about 0.2 asis currently the case, and spawning stock biomass remains at moderate to
high levels there would be enough herring to maintain its role as a keystone forage species.
Validation of this assumption has not been possible, therefore other approaches to assessing the
impacts of herring removals on predators are being evaluated. Studies have shown that thereisa
close correlation between how much herring is consumed by key predators and the abundance of
herring, and that predators and the fishery harvest the same size groups of herring; therefore
there is competition between the two. It isimportant to determine whether this competition
adversely impacts the predators, other than the human predators. Examination of Figures 23 and
45, taken from a paper by Overholtz and Link, show for demersal fish, large pelagics, marine
mammals, and birds, consumption has tracked fairly closely the trendsin biomass. Prior to
1988, when abundance was low, consumption was also low. After 1988 biomass had more than
guadrupled, and so had total consumption by the 4 predator groups. The data show that demersal
species of fish are responsible for the greatest predation on herring, followed by marine
mammals, large pelagic fish, and then seabirds. Although there continues to be better
information on the rates of predation on herring, the dynamic relationships between herring,
predators, and fishermen is not well understood. Because total consumption by predatorsis such
alarge component of the total mortality of herring, assessments of the status of the herring stocks
should include predation by natural components of the ecosystem, in addition to predation by

humans, if management is to ensure the health of the ecosystem.
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Figure45. Consumption of herring by demersal fish, marine mammals, large pelagic fish,
and seabirds (left panel), and total consumption by all predators (right panel). Figurefrom
Overholtz and Link, 2007.

6.6. Compliance and enfor cement

The proper management of fisheries relies not only on information on the status of the stocks and
aclear policy for carrying out its objectives, but there must be assurance that thereis
enforcement and compliance with the management measures. Fisheries regulations are
developed via amendments and addendato FMPs. These regulations are the focus of the Federal
and state governments. Enforceability of management regulationsis a crucial component of

resource management.

The states and NMFS share responsibility for the enforcement of management regulations. While
carrying out its mandate for enforcement, the NMFS coordinates its activities with other federal
institutions that have responsibility for enforcing U.S. laws and regulations relating to ocean
resources, such as the Coast Guard and Fish and Wildlife Service. The Atlantic States Marine
Fishery Commission (ASMFC) helps the statesin carrying forward and coordinating their law
enforcement activities through its Law Enforcement Program. The program’s primary objective
isto ensure that the law enforcement provisions of the Commission’ s fishery management plans
are adequate, and that they are effectively implemented. The Commission® Law Enforcement
Committee includes law enforcement representatives from the Atlantic coastal states, the District
of Columbia, the National Marine Fisheries Service, the U.S. Fish and Wildlife Service, and the

U.S. Coast Guard. The Law Enforcement Committee provides pro-active management advice,
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and through its Atlantic Herring Law Enforcement Report, regularly reports to the states and
Federal government on enforcement and compliance. The reports, which review compliance
information by region, generally note few if any, violations of herring regulations. Vesselsare
required to participate in aVMS program, and report regularly on catches via an interactive
voice reporting (IVR) system. In addition to such monitoring, dockside inspection programs are

carried out on aroutine basis.

Figure 46. Monitoring and enfor cement activities.

Enforcement personnel have identified infractions relating to fishing on spawn fish, particularly
inthe lA area, where fishing pressure may be too high, bycatch species noted during unloadings,
gear conflicts between herring fishermen and lobster fishermen, and a few issues with vessels

fishing in closed areas or seasons.

A “days out” provision in the management regul ations has been implemented as away of
controlling fishing effort in the fishery; it is structured in away to control the catch rate of
herring asan area’ s TAC isfilled. It isalso designed to allow avessel to fish in an open area
when another areais approaching its TAC. Thisprovision is helpful in preventing early closures
and reducing the incentive for violation. In addition to enforcement and compliance issues
directly related to herring, the NMFS is also responsible for ensuring that the requirements of the
Marine Mammal Protection Act and the Endangered Species Act are met with respect to the
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herring fisheries.

The NEFM C has reviewed the impacts of the 2007-2009 herring specifications on marine
mammals and has concluded that the management actions proposed are consistent with the
provisions of the MMPA, and will not alter existing measures to protect the species likely to
inhabit the herring management unit. The NEFMC has also concluded that the herring fishery
has not likely jeopardized any ESA-listed species or altered or modified any critical habitat.

It can be generally stated that enforcement of herring regulations is good, and few violations

have been reported.

6.7. Summary -U.S. herring

Before passage of the FCMA and extension of jurisdiction over fishery resources, herring stocks
along the eastern seaboard of the United States were driven to historically low levels as the result
of heavy exploitation by foreign fishing fleets and reduced levels of recruitment. During this
period of heavy exploitation catches of herring reached about 800 thousand tons. After heavy
exploitation and severe depletion of U.S. herring stocks by DWFN, the United States instituted
strict controls on the harvest of herring in its coastal waters, keeping current catches near 100

thousand tons annually, and this resulted in arebuilding of the stocksto former levels.

6.7.1. The management system

The U.S. Department of Commerce’s NMFS, NEFMC, and the individual states through the
ASMFC, share responsibility for management of herring in U.S. waters. Within the NEFMC an
oversight committee is responsible for formulating management recommendations for herring.
Fisheries management plans (FMP) are developed for the Gulf of Maine and Georges Banks
herring stock to ensure high levels of spawning biomass, stable recruitment, and maintaining
juvenile herring abundance. The NEFMC and ASMFC work jointly to develop and improve
FMPs. The FMP forms the basic management document and a series of amendments and
addenda layout specific management measures and regulations. The stated goa of the FMPisto
manage the Atlantic herring fishery at long-term sustainable levels consistent with the National
Standards of the Magnuson-Stevens Fishery Conservation and Management Act. Because

herring are atrans-boundary it was recognized that both the U. S. and Canada would benefit
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from the development of complementary management measures.

The fishery isdivided into 4 management areas and TACs are allocated to each area based on the
optimum yield (OY). The alowable biological catch (ABC) is generally set at the MSY level,
and the OY something less than that to allow a buffer to offset the risk of overfishing individual
stock components and to encourage the offshore fishery; it also allows for the importance of
herring as aforage species.

6.7.2. The statusof the Gulf of Maine-Geor ges Bank herring stock

Herring from the Gulf of Maine and Georges Bank are considered to comprise a single stock,
although there is some indications that mixing rates among some of the components of the stock

may be low and suggest some separation should be considered for management purposes.

Data from larval and acoustical surveys have been used to index the abundance of herring stocks.
Trends in the abundance of larval herring reflect a high abundance before the collapse of the
fishery in the mid-1970s and increased abundance after the 1980s when the fishing mortality was
substantially reduced. The larval data also showed a contraction in the distribution of herring
throughout its historic range during the 1970s and early 1980s, and an expansion to its former

range after reductionsin fishing mortality.

Results from the acoustic and bottom surveys corroborated other evidence showing that depleted
stocks of herring were rebuilding and inhabiting areas where they had previously been abundant.
The indices of abundance from the surveys reflect the collapse of the fishery during the 1970s
and the rebuilding beginning in the mid-1980s, and showed that by the early 1990s abundance
peaked and generally stayed high since, but with a high degree of variability.

A number of analytical approaches have been used to assess the status of the herring stocks
found along the eastern seaboard of the United States. Early modeling efforts documented the
decline in herring abundance in the early and mid-1970s and the growth after 1980. The most
recent full assessment, using VPA, forward projection analysis, and Adapt modeling, utilizing
updated catch at age, and spring survey indices to tune the model, was completed in 2004, with
updates to 2006. The data showed that in the late 1960s total biomass averaged about 1.3 million

tons, but once heavy exploitation commenced it declined precipitously and reached a low of less
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than 100 thousand tonsin the early 1980s. During the 1980s biomass began to increase and
reached a peak of nearly 2 million tons during the last few years estimated in the analysis. The
modeling was used to estimate yield-per-recruit reference levels, which were: Fq 1= 0.21 and
Fa00:= 0.20. The other age structured modeling analyses showed similar results. Estimates of
fishing mortality showed increases from the late 1960s through the late 1970s, averaging greater
than 1.0 in the 1970s, declining after 1980, and averaging 0.3 during 1983-1997. Recent F' s have

been mostly less than 0.2.

General production models, one symmetrical and the other asymmetrical, were used to estimate
surplus production parameters for the herring stock. Results were very close: for the two models,
Bmsy equaled 1 million tons and 0.9 million tons; MSY equaled 243 thousand tons and 222
thousand tons, and Fysy equaled 0.24 and 0.25, respectively. A subsequent analysis with the
asymmetrical model estimated MSY at 194 thousand tons, Fysy at 0.31, and Bysy at 629
thousand tons. These analyses suggest that overfishing was occurring from 1961 to 1977, and
subsequent to 1981 the catch was substantially |ess than the estimated surplus production,
indicating the stock was rebuilding. Since the 1980s catches have been less than MSY .

The Gulf of Maine-Georges Bank herring have recovered from the collapse in the early 1970s
and is now at about one million tons, a pre-collapse level, which is substantially above the Busy
level of about 630 thousand tons. Fishing mortality in recent years has remained low, averaging
about 0.1, which isless than Fysy of 0.31, and Fo; of 0.21. The Gulf of Maine-Geor ges Bank

herring complex isnot in an overfished state nor isoverfishing occurring.

Even though overfishing is not occurring for the component in general, there is some concern
that has been expressed that the inshore portion of the Gulf of Maine stock may be unable to
sustain increased fishing pressure over the long term, and in fact may not be able to sustain
current levels of fishing. Considering all of the foregoing analyses, and from a precautionary

point of view, the stock is considered to be fully exploited and categorized as yellow.

Component Status

Gulf of Maine/Geor ges Bk
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6.8. Bycatch, discards, and ecosystem impacts

There are several important ecosystem concerns regarding the herring fishery in the Gulf of
Maine and on Georges Bank: the bycatch of non-target species and the impact of this bycatch on
the status of the non-target stocks, discards of the target species and the impact on the status of
herrings stocks, and impact of herring catches on the availability of forage for other species.

The bycatch of herring, that is herring discarded to the sea after capture, was about 2.4 percent of
the total catch of herring during 2005 based on observer trips aboard commercia herring fishing
vessels. The next greatest level of discards was for dogfish, and these represented 0.2 percent of
the total catch of herring. These numbers are quite low and are not considered to be athreat to
the health of either the herring or dogfish populations.

It is difficult to evaluate the impact of herring fisheries on the availability of forage for predator
gpecies. Analyses have shown that the amount of herring consumed by predator species has been
proportional to the abundance of herring over the history of the fishery. However, the impact of
these changes on herring abundance is difficult to evaluate in terms of their effect on the predator

Species.

| conic species such as marine mammals and marine turtles, as well as seabirds are occasionally
taken in herring fisheries. Almost no turtles are taken in the herring fishery, and any mammals
taken, which are mostly released alive, are few. The most common bird taken as a bycatch is
gannets. The NEFM C has determined that these catches do not pose athreat to the health of

these species.

ANNEX I. Some alternative Analyses of 4WX herring.

For the first analysis, Pope' s cohort approximation of the VPA was used to construct historical
abundance estimates. Estimates of terminal F from the DFO 2006 V PA paper were used in the
analysis, along with terminal exploitation of 0.2 for age 11+ herring, and an M of 0.2. The
resulting estimates of spawning stock biomass and age-1 recruitment matched well with the
results in the DFO 2006 paper ( Annex Figure 1).
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uses Power (2006) adapt for terminal 2005 F
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300,000 | 1 3,000,000
200,000 | 1 2,000,000
100,000 - 41,000,000
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Annex Figure 1. Estimates of spawning stock biomass (SSB) and recruitment from Pope's
approximation, 1995-2005.

To evaluate the DFO management objectives of 1) preventing growth overfishing (F Fysy,
where MSY is based on yield per recruit) and 2) striving for a fishing mortality rate of Fq 1, yield
per recruit curves were constructed using two different data sets (Annex Figure 2). Theyield per
recruit curve shown in black is based on average weight at age datafor the years 1965-2002, the
partial recruitment vector used in the 2006 paper for their Fo; analysis, and M=0.2. These results
indicate adightly higher Fo 1 (=0.32) than in the 2006 paper (Eo1=0.25), and estimate Fyax to be
0.56 (Emax=0.39). If the objective of DFO isto prevent growth overfishing then this could be
accomplished with any value of F lessthan 0.56. Given the concerns about ageing of herring in
the 1990’ sthe yield per recruit analysis was repeated with only information from the 1980’ s and

is shown as the pink curve in Annex Figure 2; the results of the two analyses are similar.

Trends in fishing mortality of ages 4-8 for 1965-2005 are shown in Annex Figure 3, along with
the estimates of exploitation rate from the acoustical biomass and catch estimates for 1995-2005;
boundaries for Fy; and Fyax are also shown in the Figure. Examination of Annex Figure 3
suggests that for this analysis, the DFO objective of preventing growth overfishing was achieved
until the early 1990’s. The sharp upward trend in F beginning in the early 1990’ s appearsto be
somewhat suspicious and indicative of a new systematic error occurring in the ageing lab. The

estimates of exploitation rate, based on the ratio or catch to acoustic biomass, do not show such
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an upward trend, again suggesting the loss of age composition accuracy after 1990's, and

reflecting a fishing mortality rate at or below the strived for objective of Fg 1.

Yield/recruit
using partial recuitment and average weight from the 1980's
compared to average weight 1965-2002 and PR in 2006 paper
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Annex Figure 2. Yield per recruit curves calculated using partial recruitment and aver age

weight values for 1965-2002 (black) and for only the 1980s (pink).
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Annex Figure 3. Trendsin fishing mortality from VPA and acoustical estimates.

In Annex Table 1, the percent contribution to catch of the strong year classes of 1970, 1983, and
1990, aswell asthe weak year class of 1974, track nicely through time, providing evidence that
historically aging might have been done correctly prior to the early 1990s, which can lend
confidence to the VPA results prior to the early 1990s, and possibly account for the huge
differences in the fishing mortality rates between the VPA and acoustic estimates shown in

Figure 3, if aging errors occurred after that time.
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Annex Table 1. Catch at age (%) for the SW Nova Scotia / Bay of Fundy herring spawning
component, 1965-2005.

Year

1965
1966
1967
1968
1969
1970
1971

1972 -

1973
1974
1975
1976
1977
1978
1979
1980

1981 -

1982
1983

1984 -

1985
1986
1987
1988
1989

1990 -
1991 -

1992
1993
1994
1995

1996 -

1997
1998
1999
2000
2001
2002
2003
2004
2005

=

1 2 3 4 5 6 7 8 9
1 6 64 2 14 3 1 0 0
8 46 23 4 16 2 1 0 0
3 5 29 7 13 5 8 3 0
5 71 7 2 9 2 3 1 0
8 20 37 9 11 8 4 2 0
3 3 27 4 13 9 6 5 2
8 35 16 9 10 6 8 4 3
5 13 6 4 4 2
0 13 11 2 2 2 2
1 4 1 1 0 1
0 5 1 0 0
0 4 3 1 0
0 20 7 2 0
4 47 8 4 1
0 31 42 4 3
0 1 1
4 (0]
1 5 2
1 8 2 1
3 3 4 1
1 4 1 2 1
0 4 1 1 0
0 4 2 1 0
0 0 4 2 0
0 2 3 1
1 3
6

12 22 23 11 5 6
0 29 13 8 4 4
0 12 31 21 11 5 3 4
0 18 25 13 6 3 2
0 20 39 20 7 4 1 1
9 9 61 2 1 0
0 15 23 20 34 5 1 0
0 38 9 20 14 4 3 0
0 16 33 22 19 8 1 0
0 48 10 14 16 8 3 1 0
0 13 57 10 11 6 3 0 0
2 41 13 28 10 4 2 0 0
0 46 32 11 9 1 1 0 0-
0 36 39 15 9 1 0 0 0
0 16 37 40 6 1 0 0 0

POOOOORRFRPRRFRPRFRPLOOOOOO

In asecond analysis, a production model is used with the 4WX acoustical biomass estimates for

1999-2007, presented in the DFO paper, to examine productivity rates over time and to estimate

various popul ation parameters for the stock. Based on tagging data the DFO scientists have

suggested that some herring remain on the spawning grounds for at least 3 weeks, aweek longer

than the assumed residence time. If it is assumed that half the herring remain on the spawning

grounds for 3 weeks and are double counted, then the acoustic biomass estimates should be

multiplied by a scalar of 0.75 to better estimate the actual spawning biomass.

The first set of results use three different scalars to scale the acoustic biomass estimates (Annex

Table 2). If the 0.75 scaled results are considered to be more realistic than non-scaled (due to

Herring Assessment Report Prepared May 2009 by Dr. James Joseph for Bumble Bee Foods

132



some double-counting) then it can be concluded that the stock in 2007 is roughly at MSY and the
2007 exploitation rate is approximately equal to the MSY level of exploitation, which implies

that overfishing is not taking place and the stock isnot in an overfished state.

All of the scenarios examined place MSY at a substantially higher level than the current TAC of
50,000 tons, and only the non-scaled case indicates the stock is below the Bmsy. As seen in the
figure, the R-square is low, indicating low productivity, and there is ayear of no surplus
production (actually a deficit of 40 percent in 2004-5); however, the low number of data points
and large variability give low confidence to the parameter estimates of Fysy and Bysy. If the
2005 data point is considered an outlier, then repeating the 0.75 scalar scenario with the 2005
data point omitted produces more optimistic results.

A comparison of the production model results was made with results based on historical VPA
estimates of SSB. For the years of more reliable SSB estimates (1965-1989), the results indicate
the stock was more productive, with a higher Bysy and MSY than indicated by recent data.
Historical productivity rates (average 34 percent) have been variable over time but show a
generaly higher productivity rate than in the years 1999-2005 (Annex Figures 4&5); however,
there has been alarge increase in production rate for the most recent 2 years so perhaps the stock
ismoving back to higher levels of productivity (Annex Table 3). MSY and Bmsy estimates are
much higher in the historical data, asisthe higher MSY in recent year analysis in which the 2005
data point is excluded. Also it is clear from both the graphs below that productivity of herring
show agreat deal of year-to-year variability.

Examining the trends in recruitment and biomass presented in Annex Figure 1, and assuming
that the VPA estimates are accurate, it appears that the stock has perhaps responded to aregime
shift of some sort. The high levels of recruitment observed prior to 1985 have not been repeated;
recruitment since 1985 has shown no levels exceeding 200 billion fish, whereas almost all
recruitments prior to that time exceeded 200 billion and some reached as high as 700 billion.
Until recruitments return to these higher levels, which may require another regime shift, biomass
will not reach the levels prior to 1985.

Only the result for the scalar of 0.75 in which the 2005 data point is omitted, gives an Eysy
higher than the Emax (=0.39) from the Y PR analysis shown earlier. The base case Scalar =0.75
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scenario has an Eysy = 18% which matches the Eq ;=18% (F=0.22) reported in the 2006 paper.

Annex Table 2. Population parametersfrom production model analysisfor 4WX herring

stock using different scalarsfor mean residence time on spawning grounds.

Acoustic scalar 1 0.75 0.5 0.75 Historical
w/o 2005 VPA
1965-
1989
Slope -3.30333E-07 -4.946E-07 -9.0423E- -3.94608E-
07 06 -4.4E-07
I ntercept 0.281053083 0.3547748 0.5022183 1.6849465
4 6 48 0.540254
B_infty 850,817 717,339 555,407 426,992 1,215,940
MSY 59,781 63,623 69,734 179,865 164,229
Bmsy 425,409 358,670 277,704 213,496 607,970
Emsy 14.05% 17.74% 25.11% 84.25% 27.01%
B_2007 384,400 288,300 192,200 288,300
B_2007/Bmsy 0.90 1.07 1.38 135
3year avg C/B 16.19% 21.58% 32.37% 19.40%
E_average/E_ 1.15 1.22 1.29
msy 0.23
C_2007/B_200 13.14% 17.53% 26.29%
7 17.53%
E_2007/E_msy 0.94 0.99 1.05 0.21
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Annex Table 3. Biomass and production ratesfrom production model analysisfor 4WX
herring, 1999-2007.

Scalar= 0.75 Average
1999 2000 2001 2002 2003 2004 2005 2006 2007
Total 505,700 463,300 506,900 543,400 505,400 481,700 233,200 300,900 384,400 436,100
acoustic
Biomass 379,275 347,475 380,175 407,550 379,050 361,275 174,900 225,675 288,300 327,075
Catch 77,552 85,284 71,570 77,054 89,461 78,029 48,981 49,159 50,529 69,735
Surplus 45,752 117,984 98,945 48,554 71,686 -108,346 99,756 111,784 60,764
production
production 12.59% 32.43% 25.12% 12.35% 19.37%  -40.41% 49.81% 43.50% 19.34%
rate
Mean 363,375 363,825 393,863 393,300 370,163 268,088 200,288 256,988 326,236
biomass
Production per unit biomass vs biomass
(with scalar=0.75)
, 60.00%
B 40.00% y = -5E-07x + 0.3548 ¢ .
c R?=0.0172 .
2 20.00% - s ¢
g * *
T 0.00% ‘ ‘ ‘ ‘ ‘ ‘ ‘ :
a 20,009 ?  50.000 100,00 150,00 200,00 250,00 300,00 350,00 400,00 450,00
2 0 0 0 0 0 0 0 )
'S -40.00% - .
]
? _60.00%

Two-year average SSB

Annex Figure 4. Relationship between production rate and spawning stock biomass from

acoustic surveysfor 4WX herring.
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1965-1989 VPA SSB vs production rate

AOVD.

A= O O
y — " aE-UrXx T+ U.05U5

o
0
L
0
N
|
D
D
]
Bl
SN

A A= A4S o |

o
(o]
!

*

Production rate
o O
N

|
»
L 2
L 2
. | *

200000 400000 600000 800000

O
N O
=

SSB from VPA

Annex Figure 5. Relation between production rate and spawning stock biomass from VPA
estimates.

Figure 6 shows that the acoustic biomass estimates for 1995-2007 made with a scalar of 0.75 and
which averaged about 330 thousand tons, fall into the low end of the range of the historical
(1965-1986) spawning biomass estimates which averaged about 350 thousand tons. The
exploitation and fishing mortality rates based on catch and biomass estimated with a 0.75 scalar
are well below the Fyax estimated in the YPR analysis, and in general fall within the range of
the Ep 1 estimates of 18 and 25 percent (Annex Table 4) given in the paper. Thisinformation
lends additional support to the contention that the upward trend in fishing mortality rates for
recent years (Annex Figure 3), and given in the 2006 VPA paper, arein error and perhaps a

reflection of aging difficulties.

Though theses analyses are very preliminary and of a cursory nature, they do lend themselvesto
the conclusion that the stock of 4WX herring is not being overfished, nor isit in an overfished
state. And, they point to the need to better determine mean residence time on the spawning

grounds, and validation of the otolith aging of herring.
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SSB (t) from VPA and Acoustic Biomass (scalar 0.75 applied)
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Annex Figure 6. Trendsin spawning biomassfor the VPA and acoustic estimate analyses.

Annex Table4. Production model analysisfor 1999-2007 using a scalar of 0.75.
2007 Average
384,400 436,100

1999
total acoustic 505,700
Biomass 379,275
Catch 77,552

surplus production
production rate
mean biomass
Catch/Biomass

F

2001
506,900
380,175

71,570
117,984
32.43%
363,825
18.83%

0.23

2002
543,400
407,550

77,054
98,945
25.12%
393,863
18.91%
0.23

2003
505,400
379,050

89,461
48,554
12.35%
393,300
23.60%
0.30

2004
481,700
361,275

78,029
71,686
19.37%
370,163
21.60%
0.27

2005
233,200
174,900

48,981
-108,346
-40.41%
268,088
28.01%
0.37

2006
300,900
225,675

49,159
99,756
49.81%
200,288
21.78%
0.27

288,300
50,529
111,784
43.50%
256,988
17.53%
0.21
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69,735
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19.34%

326,236

21.85%

0.28
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