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Dear Minister:
Re:  Request for Immediate Action — Science Based Plan to Save Miramichi Atlantic Salmon

We are the solicitors for Save Miramichi Salmon Inc., a new association based on the Miramichi River
in New Brunswick.

Our client was formed to advance the cause of preserving and protecting the native Miramichi Atlantic
salmon. Our client’s members are a collection of stakeholders on the Miramichi River, including owners
of riparian land, private fisheries, and sport fishing guiding and outfitting businesses all of which have
direct interests, both personal and pecuniary, in the well-being of Atlantic salmon. Their individual
experiences all stretch back three or four decades with one member/directors family’s involvement in the
salmon fishery spanning more than a century.

We write to you about a matter of utmost urgency and to demand your immediate action. The Miramichi
Atlantic salmon are at a crisis point which now requires your immediate, vigorous and timely intervention
to prevent the inevitable collapse of the species within the near future. This crisis has been precipitated
by an explosion of striped bass which is a voracious predatory species of fish. The striped bass population
must be brought under control without delay.

To assist, we have enclosed with this letter a scientific briefing prepared by our clients with assistance
from noted fisheries biologists, former eminent senior DFO scientist, Dr. John Ritter and Dr. R. Allen
Curry, a senior scientist with the Canadian Rivers Institute and University of New Brunswick professor.
The briefing is based on literature, much of which is peer reviewed, and evidence collected from the river,
both of which we have also enclosed.
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MACKENZIE FUJISAWA LLP

The Miramichi Atlantic salmon, or “plamu” in Mi’kmag, are an iconic species of Canadian fish, central
to the cultures of both the indigenous and non-indigenous people on the Miramichi. They have been
present in the Miramichi River since the end of the last ice age. While we are not experts on Mi’kmaq
culture and history, we understand that Atlantic salmon has similar significance to the Mi’kmaq people
as the various Pacific salmon species has to the various First Nations in British Columbia.

Like most other anadromous salmon species, mature Atlantic salmon spawn in freshwater from the
headwaters of the Miramichi to the lower non-tidal end of the river. After hatching, juvenile salmon spend
2-3 years in the river; then as smolts they migrate in the months of May and June from freshwater to the
ocean, where they spend one, two, or three years before returning to the watershed to spawn. As you
know, unlike Pacific salmon they can survive spawning and some return to the rivers to spawn multiple
times. This smolt outward migration must run the gauntlet of spawning and aggressively feeding striped
bass which electronic tagging has proved have reduced the percentage of salmon smolts that make it out
of the river and into the ocean from 70% 15 years ago to less than 10% today in the NW Miramichi and
30% in the SW Miramichi. This extraordinary level of predation is completely unsustainable and is on
the verge of extirpating Atlantic salmon from what has long been considered the greatest salmon river in
North America.

Striped bass, while historically native to the Gulf of St. Lawrence and the Miramichi watershed, were
never a dominant species in the overall ecosystem, nor were they established in any significant numbers
beyond the head of tide. There thus existed a natural separation within the ecosystem between adult
striped bass, which generally frequented tidal waters, and juvenile salmon, which were primarily found
in non-tidal waters.

More recently, in the last 20 years, from the observations of my clients, striped bass have spread
throughout the river into the habitat of juvenile salmon and are now aggressively preying on them well
before their smolt migration.

The collapse of Atlantic salmon stocks of the Miramichi River now appears imminent without decisive
science-based action. This emergency has been precipitated, in large part, by your department’s patent
failure to correctly interpret the scientific data and consequent failure to properly manage the populations
of striped bass, Atlantic salmon, and other species in an ecologically balanced proactive manner.

In the 1980s, the populations of striped bass on the Miramichi were significantly lower than today but
generally viewed as nonetheless stable and healthy. One of our client’s members advises us, for example,
that New England striped bass conservationists in the early 1980s viewed the Miramichi Striped Bass
populations to be the only healthy stock on the North American eastern seaboard; while at the same time
their numbers were such that they were seldom observed above the head of tide and were never reported
as being a significant threat to migrating smolts or to juvenile salmon in their upriver habitat.

This balance, however, was disrupted by your department in the 1990s, when it determined that the
Miramichi striped bass were at risk. What followed was a comprehensive recovery effort to “rebuild”
striped bass populations primarily through closing the historic annual commercial net and sport fisheries.
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This effort led to a decades long monotonic growth of the striped bass population, which in turn elevated
populations to what is now, a destructive level that is disrupting the delicate balance of the Miramichi
ecosystem.

Striped bass are now prevalent throughout much of the Miramichi watershed and, as our client’s
submission makes clear, are devouring migrating smolts at unprecedented levels. We also understand that
striped bass have also now infiltrated freshwater habitat and are attacking Atlantic salmon at all levels of
their juvenile development.

This has put significant and untenable pressure on Atlantic salmon stocks in the Miramichi. Both the
scientific and anecdotal evidence assembled by our client is clear and persuasive that:

- Striped bass populations are now at unsustainably high levels;
- DFO’s population targets and limits for striped bass are incorrectly and artificially high; and

- The large numbers of striped bass throughout the Miramichi watershed have caused a precipitous
and continuing decline of the Miramichi’s Atlantic salmon population.

For reasons which defy good and sound science, your department has taken no meaningful steps to bring
the striped bass population back into check. This inaction appears to be based on an elevated limit
reference point and population targets which are not supported by common sense or the weight of science,
which is explained in the enclosed submission from our client. The result is that Atlantic salmon in the
Miramichi are now at risk of extirpation if immediate and decisive action is not taken.

You have been entrusted by Parliament, under the Fisheries Act to “manage, conserve, and develop “the
fishery” on behalf of Canadians in the public interest.”? It bears repeating that the fishery does not belong
to the King; you are merely the steward of common property. Canada’s fishery is a “common property
resource” which is a source of “national or provincial wealth”. All Canadians possess rights with varying
degrees of priority to access this resource. The Fisheries Act provides you with both the tools to regulate
the exercise of those rights,? together with a duty to “manage, conserve, and develop” the object of those
rights.

The scope and application of your duty over this most important resource is necessarily conditioned and
informed by the precautionary principle, which requires that:

a) Policies must be based on the precautionary principle to ensure sustainable development;

b) Environmental measures must anticipate, prevent and attack the causes of environmental
degradation; and

! Comeau’s Sea Foods Ltd. v. Canada (Minister of Fisheries and Oceans), [1997] 1 S.C.R. 12, at para. 37
2 See R v. Sparrow, [1990] 1 S.C.R. 1075
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c) Where there are threats of serious or irreversible damage, lack of full scientific certainty should
not be used as a reason for postponing measures to prevent environmental degradation.®

Management of the striped bass in a manner which puts other fisheries at risk is a clear breach of your
duty as described above. This breach is compounded by a pattern of further inaction and inertia. Your
current approach of drawn-out public consultation and lengthy implementation timelines, focus on
abstracts, and combined with further restrictions on uses which have minimal-to-no impact on striped
bass mortalities, is inadequate to combat the problem at hand and does not respect the rights and interests
you have been entrusted stewardship over.

Recent measures announced by DFO to reduce the population do not go nearly far enough and are
exceedingly unlikely to achieve the necessary result given the current gross ecological imbalance. The
recreational creel limit increase is modest at best, and even with the increased indigenous commercial
quota, it is hard to see how it will result in material reductions to the striped bass populations when the
existing quota is not being fully utilized. The 2025 increased harvest levels seem designed to maintain
the bass stock at or near its current level, which as both science and experience clearly show, is
incompatible with a sustainable Miramichi Atlantic salmon population and a balanced Gulf ecosystem.

The current striped bass population is patently too high and can be sustained at much lower levels. At
current numbers, the striped bass are a clear threat to the viability of Atlantic salmon. The precautionary
principle demands that the striped bass population be rapidly and significantly brought down to restore
the balance in the ecosystem.

Our client therefore demands that you direct DFO to take immediate action to drastically curtail the
striped bass population. The following is a list of measures which will ensure the future survival of
Atlantic salmon:

e Immediately, but in any event before January 15, establish a senior departmental emergency
response committee including the assistant deputy minister for science with indigenous and non-
indigenous Miramichi stakeholders, properly funded and mandated to address this crisis in the
immediate term, armed with clear qualitative and temporal mile posts/deadlines and
accountability and charged with assessing and implementing immediately, based on proper,
transparent, responsive and vetted science and accepted Ministerial obligations and management
principles, the following measures:

o Allow striped bass harvest levels that achieve a bass population of 100,000 bass within
four years (2028), i.e., commercial harvests of 300,000 to 400,000 fish in 2025, 2026, and
2027, understanding that levels will be adjusted and may in fact be increased via an
adaptive management analysis each year with First Nations continuing to have primary
and potential full access to this fishery, but with fair and equitable secondary access to the
fishery for the non- indigenous commercial interests with funding for gear and market

3 See Morton v. Canada (Fisheries and Oceans), 2015 FC 575, at para. 41 to 42
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development for both the Indigenous and non-indigenous commercial net fisheries and the
sport fisheries.

o Inaddition to the commercial harvest, the recreational striped bass fishery should continue
to be a component of the total harvest.

o The upper limit of the retention slot for both the commercial and recreational fisheries
should be eliminated.

o In the recreational fishery upstream of the heads-of-tide in all scheduled* salmon rivers a
daily retention limit without a body size restriction should be implemented. The required
retention limits under the Maritimes Provinces Fisheries Regulations (MFPR), must
reflect the ecosystem imbalance and destructive impact of Striped Bass on juvenile salmon
in their nursery habitats.

o Funding should be provided to the Miramichi Salmon Conservation Centre that will bring
that facility to the optimal production level for rapidly increasing salmon stocking to
overcome current disastrously low levels and to sustain the population into the future.
Support by DFO must include:

A. Capital funding for required facility improvements that are identified by a hatchery
committee.

B. Funding to allow the facility to operate with adequate staffing and required
materials, and funds for hatchery operation including activities associated with
broodstock acquisition and fish distribution. The operational funds must be
provided for the foreseeable future until salmon sustainability has been re-
established based on data over a 5-year period.

C. DFO must guarantee the timely provision of required permits and other approvals
to allow fish procurement (juveniles and/or adults) and for stocking programs to
be implemented.

o Provide capacity funding to Indigenous commercial fishing enterprises on the Miramichi
to develop and expand the Striped Bass fishery.

o Provide financial and market support to the sport fishery.

o Elevate Atlantic salmon to “Major Fish Stock” status under the Fisheries Act.

4 Scheduled” is a term in New Brunswick fishing regulations and in common use among anglers. It denotes a designated Atlantic salmon river where fly
fishing is the only method of angling that is permitted.
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o Examine and implement improved management models for Miramichi Fisheries
recognizing rights, interest and socio economic factors.

It is your role and legal duty as minister, and DFO’s role as your supporting agency, to use the tools
provided under the Fisheries Act to manage “the fishery” in a way which balances all of these competing
interests and preserves this common property resource, to the best of your ability, together with all of its
constituent parts, for future generations. Your department’s persistent failure to so manage the balance
between Atlantic salmon and the striped bass of the Miramichi river is a patent of breach of that legal
duty. On account of all of the interests in the fishery described above, your department must take
immediate action to bring the striped bass populations in check.

If you do not act on this demand within 30 days of receipt of this letter, our clients have instructed us to
bring proceedings in the Federal Court, without further notice to you, to compel your action in this most
important and urgent matter.

Yours truly,
MACKENZIE FUJISAWA LLP
Per:

IAN M. KNAPP

IMK:ik
encls.
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SAVE MIRAMICHI SALMON INC.

Sauvons les saumon de la Miramichi | Plamu 1st

Executive Summary of a Scientific / Technical Presentation to DFO from the Save Miramichi
Salmon Organization on the Effects of Striped Bass on Miramichi Atlantic Salmon, plus
Required Mitigation

Date: November 7, 2024
By: John Bagnall, Chair Science Committee

Save Miramichi Salmon is a group of people who are interested in stopping and reversing the steep
decline in the salmon population of the greater Miramichi River system. A major component of
arresting the decline involves bring the striped bass population (essentially the spawning stock) of the
southern Gulf of St. Lawrence (sGSL) to a level that will allow a fish community to exist that is
representative of a healthy ecosystem. The sGSL’s striped bass spawn in the spring in the upper
estuary of (primarily) the Northwest/Little Southwest composite branch (the NW composite) of the
Miramichi system. Bass spawning in the upper estuary of the Southwest/Renous (the SW composite)
estuary is suspected as well. Salmon smolts moving from fresh water to the ocean in the spring
encounter striped bass and a portion of the smolt run is consumed by these bass, which at the same
time feed primarily on other more populous species, the gaspereau (blueback herring and alewives),
and rainbow smelt. Bass are now moving into upland reaches of the river where they eat juvenile
salmon and smaller individuals of other fish species.

The sGSL’s bass stock has increased from a level of fewer than 5,000 spawners in the late 1990s to
what is now suspected, as of 2023, to be approximately 500,000, and perhaps more. Judging from
returns to the NW Miramichi salmon protection barrier, coincident with the two orders-of-magnitude
increase in the number of bass, the greater Miramichi’s salmon population has plunged by 96% (1,136
to 43) between 2010 and 2024.

In the case of important commercial species, DFO manages their populations individually according
to the “Precautionary Approach” framework for Maximum Sustainable Yield (MSY) of each. However,
if it can be proven the population of one species has a negative effect on that of another “such as in
the case of rebuilding a predator species that could result in a decline of a prey species, rebuilding
objectives need to be carefully developed through a balanced approach to ensure neither is depleted
to a_point of serious harm. This DFO 2019 policy acknowledges that it is not possible to
simultaneously achieve yields corresponding to MSY predicted from a single species when there are
multiple, interacting species and in such a case rebuilding efforts should be approached within an
ecosystem context to the extent possible”.

It seems obvious to most people that the 2019 policy is tailor-made for the southern Gulf bass / greater
Miramichi salmon situation. Evidence of serious harm on salmon caused by bass was sought in
Research Document 2022/030. Four tests were presented in that document that if passed would allow
the multi-species policy to be implemented:

1. That bass were having a significant same-year effect on SW composite salmon smolts (as
indicated by survival of tagged samples) during their passage through the estuary;

2. That bass were having a significant same-year effect on NW composite salmon smolts during
their passage through the estuary;

1393-3772-2384, v. 1
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3. That bass were having a significant effect on the returns of grilse (1 sea-winter aged salmon)
one year later to the SW composite; and

4. That bass were having a significant effect on the returns of grilse (1 sea-winter aged salmon)
to the NW composite.

The author confirmed that serious harm had resulted in cases 2 and 3, but not in 1 and 4. Therefore
the 2018 policy on multi-species management was not implemented, and bass are being managed to
provide MSY. The population is protected by a lower limit (the Limit Reference Point, or LRP) below
which the bass population will not be allowed to fall for fear of significant population harm. This number
is 330,000 bass.

Test 1 included data only to 2018. Four more years of data (2019 to 2023 minus the Covid year of
2020) overturned the “no-effect” decision in that case leaving Test 4 as being the lone impediment to
multi-species policy implementation. We believe Test 4 should also provide evidence for implementing
the multi-species policy, or that the test itself should be considered irrelevant. For example:

a. We feel this test was not conducted properly. As a first step, the author of Research Document
2022/030 re-calculated historic annual smolt outputs using “cohort analysis”. The resulting
smolt outputs were compared with total annual grilse returns as extrapolated from captures at
the Cassilis trap in the estuary of the NW composite. Many of the calculated return rate
numbers do not agree with and have absolutely no correlation with numbers published for the
same years in Research Document 2016/029. Considering the 2016 uses the commonly
accepted and employed mark-recapture method to estimate smolt numbers, this method
would seem to be more credible than the cohort analysis method of calculation. This brings
into serious doubt the “no bass effect” conclusion.

b. In addition, the finding of no significant effect of bass numbers on the following years’ grilse
returns implies it doesn’t matter how many smolts are produced in the Northwest composite,
that grilse returns are essentially random, or is an assumption of density dependence. Most
salmon fisheries theory assumes that the mortality of salmon in the ocean is density-
independent, a rationale based on the idea that the population density is far below the
assumed carrying capacity for salmon in that habitat. Derivative from this theory is an
assumption that, over the long haul, the more post-smolts that enter the high seas, the more
adult salmon can be expected to return. Gibson (2006) included an assessment of the NW
Miramichi River where it was identified as density independent for both grilse and two sea-
winter salmon. We found 25 cases where density dependence / density independence was
examined in eastern Canadian rivers, 16 for grilse, and 9 for MSW salmon. 24 were judged
to be density independent. This further brings into question the conclusion of Res. Doc.
2022/030 that bass were having no significant effect on the returns of grilse (1 sea-winter aged
salmon) to the NW composite.

The preceding demonstrates only that there is a negative correlation between bass numbers and a

reduction of Miramichi salmon to a point where the salmon population has been seriously harmed.
Maybe it is simple coincidence, but other possible reasons have been eliminated. These include:

1393-3772-2384, v. 1
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o During “high bass” years, the sublethal effects of aluminum toxicity due to effluent from an
abandoned mine causing elevated mortality rates of Northwest Miramichi tagged smolts once
they reach salt water;

e A size discrepancy between “high-mortality-rate” tagged smolts in “high bass” years and the
lower rates in “low bass” years;

o A “tag effect” caused by high mortality from recently tagged smolts in comparison with
untagged smolts;

o That a population increase in some other predator besides bass is causing the elevated post-
smolt mortality rates; and

e That the Miramichi salmon population’s decline is simply part of a general decline in the
populations of all salmon rivers draining to the Gulf of St. Lawrence.

The preceding confirms the Occam’s Razor conclusion that it is the over-abundance of striped bass
that has caused the precipitous decline in the Atlantic salmon population of the greater Miramichi
system to the point that the population has been seriously harmed.

We have developed a simple population model that shows the Miramichi’s salmon population is
sustainable only up to a population level of approximately 100,000 bass, a number that is alluded to
as a potential experimental fisheries target in Research Document 2022/030. The bass population
must be rapidly decreased to this level. Since the population now is very near or at the MSY, the
proposed 175,000 commercial harvest (125,000 new removals) and the increase in the recreational
fishery harvest will be massively insufficient to bring about a population that is compatible with a
sustainable Miramichi salmon population. In fact, even if it is achieved, the 2025 harvest allocation
will probably be insufficient to decrease the bass population at all. We demonstrated this with a simple
back-calculated Beverton-Holt model and resulting calculations. The additional 125,000 bass harvest
in 2025 will not bring the stock to a level lower than the existing 330,000 bass LRP. We know this
because were told by DFO after the announcement of the increase that without the multi-species
policy in place, the LRP level of 330,000 bass is inviolate. With the policy in place, a new LRP at a
level lower than 100,000 experimental fisheries target is required.

We believe the sGSL striped bass / greater Miramichi salmon population situation has been grossly
mismanaged by DFO, and in compensation, we strongly request immediate action be taken to rapidly
decrease the bass numbers through a large increase in the commercial fishery of up to 400,000 bass
per year, the dropping of the upper slot limit in both the commercial and recreational fisheries, the
liberalization of creel limits for bass in waters above the heads-of-tide of the two Miramichi composites,
and a salmon stocking program based out of the Miramichi Salmon Conservation Centre. The specific
methods used for the hatchery-based enhancement should be the responsibility of experts in salmon
genetics, hatchery-based salmon enhancement products that would achieve best results, salmon
nutrition, and salmon hatchery / grow-out methods. DFO should fund the capital improvements and
the increased operational expenditures that are urgently required to help save the Atlantic salmon of
the greater Miramichi River system.
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Spring 2024: Miramichi striped bass with partially
digested smolts in its stomach
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Save Miramichi Salmon - Scientific/Technical
Supporting Document

Prepared by:

whaee thdiramaichinSadimoprs sienoeidGemmittee
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Abstract from the Save Miramichi Salmon — Scientific Technical Support Document

The Miramichi River in New Brunswick, Canada is one of the world's most famous Atlantic salmon rivers. The
Miramichi historically hosted annual runs of 1,000,000 or more adult salmon due to its unparalleled, large area of
excellent spawning habitat. As recently as 2011, the Miramichi had a run approaching 100,000 adults and the river
supported about 90% of the Atlantic salmon fishing effort in the Province. In 2000 the Miramichi was home to
50% of all the Atlantic salmon in the western Atlantic. This fishery has had a significant socio-economic benefit
for the Province of New Brunswick, and the salmon are very important for food and ceremonial purposes to the
First Nations.

The Miramichi also has a native population of striped bass. Over the last hundred plus years a small commercial
fishery plus a recreational fishery kept the population of striped bass at a balanced level. In the late 1980, the
population of striped bass seemed to drop below 5,000 adults and DFO put in place a complete moratorium on
the harvest of striped bass. A target population of approximately 30,000 striped bass was DFO’s stated goal. Bass
are prolific spawners and responded so well to the harvest moratorium that the population reached 100,000 adults
in approximately 2011. Since 2011, the population has increased rapidly, and in 2024 it has reached a level of at
least 500,000 adult spawners.

Striped bass spawn near the head of tide in both the NW and SW branches of the Miramichi River. At the time of
spawning a great density of striped bass inhabit not only these areas, but are also found in considerable numbers
downriver throughout the tidal estuary. During the same time, small Atlantic salmon called smolts that have grown
for up to three years throughout the freshwater habitat of the Miramichi system migrate down all the branches of
the Miramichi on their way to the ocean. There they will live from one to three years before returning to spawn in
their natal river. All of these young salmon must pass through the constricted head-of-tide zones where the
striped bass are aggregating to spawn. Striped bass are voracious predators and, in their massive aggregations
of recent years, they exact a significant mortality on the outgoing salmon smolts.

Smolt tagging experiments by the Atlantic Salmon Federation and the Miramichi Salmon Association have been
carried out for many years, and conclusively show that the striped bass now consume a devastating 95% percent
of the outgoing smolts in the NW Miramichi and 65% percent in the larger SW Miramichi. This means that only
5% of the smolt run in the NW and 35% in the SW Miramichi are making it to the ocean. The tagging experiments
track the smolt migration down the river and show that nearly all the mortality is taking place when the young
salmon approach the striped bass spawning areas and continues throughout the tidal estuary. Data were collected
for many years prior to the striped bass population explosion, and it showed that smolt survival to the ocean from
the Miramichi freshwater habitat had previously been about 75% which is similar to other nearby Canadian rivers.

Once the remaining salmon smolts reach the ocean there is again a very significant natural mortality exacted on
them. Because the ocean environment is so vast the percentage of smolts that survive to adulthood is no different
regardless of the size of the outgoing smolt migration, a concept called density independence. The fewer smolts
that make it safely to the ocean, the fewer adults that return to the river to spawn. Some adult salmon return
from the ocean after two years at sea and are called multi-sea-winter salmon, and some come back after one

1375-2519-3232, v. 1



SAVE MIRAMICHI SALMON INC.

Sauvons les saumon de la Miramichi / Plamu 1st Save Miramichi Salmon - Scientific/Technical Supporting Document

year as grilse. The adult salmon population of the Miramichi has decreased by more than 90% since 2011, and
scientists believe that it is trending rapidly towards extinction.

According to documented Canadian Department of Fisheries and Oceans (DFO) internal policies no species is
supposed to be managed so that it causes serious damage to another. DFO has avoided reducing the striped
bass population, so that the salmon and the bass can coexist in the Miramichi by denying that the striped bass
are the major problem. In the detailed documentation to follow, John Bagnall and the scientific team he has
assembled — including Dr. John Ritter, retired head of anadromous fish science for the Maritimes division of the
DFO - will show that this was simply an incorrect position for DFO to have taken. Due to multiyear efforts from a
coalition of ENGO's advocating for salmon, DFO has increased the commercial harvest allowed by FN to 175,000
individual adult striped bass. The problem is that a population of adult striped bass will see approximately 50%
of the spawning stock being replaced annually by new maturing year classes — a concept called recruitment. 50%
of 600,000 — and it could be more — adult striped bass is 300,000 or more new recruits are added to the Miramichi
striped bass spawning stock annually.

In addition to the commercial harvest there is a recreational fishing harvest. The exact extent of the recreational
harvest is unknown, but it was assumed by DFO to be a component of total mortality (commercial, recreational,
plus natural) which they pegged at approximately 20% of the population annually. This level of mortality plus the
projected additional commercial fishing mortality of 125,000 bass (175,000 proposed minus the current level of
50,000) is not expected to decrease the bass population much if at all. The bass population will not contract to
the level of 100,000 that is needed for the bass and salmon populations to coexist in the river.

The document to follow provides full scientific justification for DFO to rapidly and aggressively reduce the
populations of striped bass in the Miramichi watershed and to provide funding for a modern stocking program
to restore a healthy balance between the Atlantic salmon and striped bass in the Miramichi River.
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1.0 Introduction

e This submission was prepared on behalf of the non-governmental organization (NGO), Save Miramichi
Salmon (SMS), an ad hoc Atlantic salmon defence group of committed individuals who are focused on
restoring the salmon population of the greater Miramichi River system, which is comprised of four rivers
that flow to a common estuary. These rivers are the Southwest Miramichi (SW), the Renous, the Little
Southwest Miramichi (LSW), and the Northwest Miramichi (NW). Our organization includes owners of
riparian property with private water rights, property owners on public water, and fishing outfitters and
guides. Our primary focus is the ever-increasing and excessive numbers of striped bass and their
devastating effects on Atlantic salmon (salmon) and other species.

e Our foundational platform is:

o With an urgency reflective of the dire situation the population faces today, our focus is on
restoring the Atlantic salmon population of the greater Miramichi system, a population which
has been rapidly declining in recent years. This situation cannot wait for more discussion or a
National Strategy because the ecological imbalance in the Miramichi River is too great and has
persisted for too long;

o We feel that the situation has been allowed to develop due to the Department of Fisheries and Oceans’
(DFO) ignoring and/or misinterpreting data resulting in the failure to take a reasonable and balanced
management approach as required by a policy under DFO's own fisheries management framework, the
"Precautionary Approach”. The result has been an explosion of the southern Gulf of St. Lawrence’s
(sGSL's) striped bass population, which has reached its highest abundance in recent history;

e This has caused the decimation of the Miramichi salmon with a very real danger of their extirpation;

e Our group’s proposal for remediation of the situation is balanced and grounded in good science, real
data, and respects the ecosystem as well as stakeholders and Rightsholders. It is imperative that the
proposed actions be taken today; and

e While we could spend significant energies relaying the historical failures to effectively manage the fish
and fisheries of the Miramichi River ecosystem, our commentary focuses on the current striped bass
threat and its devastating impact on Atlantic salmon. Steps to better manage striped bass are likely to
concurrently benefit the sea-run brook trout, rainbow smelt, and gaspereau that cohabit the estuary,
and may benefit the lobster population of the southwestern Gulf of St. Lawrence as well.

2.0 Miramichi Salmon History

The importance of Atlantic salmon to Indigenous people and recent settlers cannot be overstated. The
annual return of adult salmon to the river to spawn, the run of salmon, supported Indigenous peoples since
the last glacial retreat. The run supported settlement along the river as early as the 1600s. Nicolas Denys,
an early settler who had a trading post on the Miramichi in 1648, wrote that there were so many salmon,
“..that one is unable to sleep, so great is the noise they make in falling upon the water after having thrown
or darted themselves into the air”. This abundance of salmon has supported many people with food, both
Indigenous and settlers, as well as creating an economy with its many jobs related to the now, world-renown
sport fishery. This included a commercial salmon fishery. This fishery closed when DFO realized a pound
of salmon caught translated to $1/lb, whereas the recreational fishery value was returning an astounding
$40/Ib. The non-Indigenous commercial net fishery was permanently closed.

The Miramichi has supported the largest salmon run (population) in eastern North America, at one point
accounting for 50% of the western North Atlantic salmon abundance. It is world-famous and has supported
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as much as 90% of all salmon fishing trips in the Province of New Brunswick. The famous and infamous
have come from all over the world to fish: His Majesty, the King (when he was the Prince of Wales) , Ted
Williams, Chuck Yeager, Benny Goodman, Tom Selleck, and Dick Cheney, to name just a few. Plus, the
persistent existence of the Miramichi River salmon to local people fishing Atlantic salmon, cannot not be
overstated.

The greater Miramichi system once supported >1M adult salmon returning to the river annually. Today, the
run hovers around 8,000 adults (extrapolated from 15 October 2024 trap data), both multi-sea-winter
salmon (MSW) and 1-sea-winter grilse.

2.1 2019 Strategy Document

DFO produced a strategic management plan in 2019, “The Wild Atlantic Salmon Conservation:
Implementation Plan 2019 to 2021". The 2019 plan set commitments to address critical threats to effective
conservation such as predation by striped bass and protection from invasive species, e.g., smallmouth bass.
It included no timelines or details. Rather it portrayed an optimistic note that matters would be addressed
in a timely way. The 2019 document was not ambiguous; DFO understood the critical timelines and paths
necessary to effectively address the decline of the Miramichi salmon. At that time, the Minister of Fisheries
and Oceans clearly stated that DFO should not manage the rebuilding of one stock to the detriment of
other stocks, that DFO will maintain the balance among the managed stocks, and that multi-species
management will occur using a “Precautionary Approach” framework.

2.2 2024 Draft Atlantic Salmon Strategy Document

Five years later and after decades of data collection, peer-reviewed science, and the creation of many
management plans, the 2024 “Draft Strategic Plan” was released. The Plan is a collection of principles and
processes. It does not address the structure of DFO's leadership role or the requirement for immediate
hands-on and properly financed action to save the Miramichi’'s Atlantic salmon. It has taken approximately
15 years to craft this Plan, and it proposes another 12-year implementation timeframe. It is our contention
that the Miramichi salmon population will be near to extinct before this Plan is implemented.

The Plan itself is a blank slate for action with no timeline for its execution. Neither does it provide any
financial commitment or leadership for implementation. It ignores the reality of the current critical situation
for the survival of the Miramichi salmon and offers none of the urgent prescriptive actions that are
abundantly apparent and absolutely necessary today to save this important resource. All of the critical and
imminent threats to the Miramichi salmon and their habitat have been well-studied. While threats were
identified in the 2019 Strategy Document, no action has taken place to mitigate them, and most importantly,
no action has been taken to produce a balanced ecosystem as called for in the 2019 document.

To ensure the survival of the Miramichi salmon population, which includes a balanced state of the entire
ecosystem, we propose an addendum be included to the “24 Draft Strategy” that provides for immediate,
effective, and funded action to save this valuable ecosystem and resource. The 2024 Draft Strategy fails to
acknowledge the urgency of the situation. While Projects are discussed, these must be triaged such that
the most serious challenges are addressed rapidly and vigorously to reflect the seriousness of the current
crisis state. There may be others, but the Atlantic salmon/striped bass situation on the Miramichi system is
one that cannot be subjected to the paralysis of lengthy consultations suggested in the “Draft Strategy”.
DFO needs to invoke immediate action on situations that exists today on rivers such as the Miramichi, a
process that is unencumbered by the delaying inertia that permeates under the “2024 Draft Strategy.
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2.3 The Immediacy of Action Required for the Miramichi River's Salmon
and Its Ecosystem

While common sense, the data, and the science clearly point to a connection between the soaring
population of striped bass and the precipitous decline of salmon, there has been a failure by DFO to
recognize that reality and more importantly, DFO has seemingly invested considerable effort to deny it. Our
position is supported by the data and the correct and approrirate scientific analyses missing from DFO'’s
efforts to date.

2.4 Striped Bass Management

2.4.1 Bass Movements and Interaction with Salmon

The population of the native, sGSL's striped bass (bass) has exploded since late 1990s, and this fact, by
scientific measure and anecdotal observation, is irrefutable. Bass are voracious predators feeding on a
variety of prey species including rainbow smelt, gaspereau, brook trout, and juvenile salmon. Atlantic
salmon smolts are moving from their upstream freshwater nursery habitat towards their high seas rearing
areas at the same time as bass are congregated in the estuary to spawn. In the Miramichi, a portion of the
bass population moves into river reaches above the head-of-tide prior to the spawn and then moves
downstream to spawn. Bass spawn in the Miramichi estuary and can migrate on feeding forays that take
them well above the tidal zones that extend into all four rivers of the Miramichi system. They can stay in
upland pools for much of the summer, feeding on Atlantic salmon parr (see Exhibit A) and other freshwater
resident fish species. Bass do not discriminate among the potential food items available in the estuary and
river, be they trout, smelt, gaspereau, or salmon smolts.

2.4.2 The “No-Effects” Decision by DFO

In Research Document 2022/30 (Chaput 2022), it is acknowledged that striped bass eat salmon smolts, but,
the author concludes there is no population-level effect of bass on Atlantic salmon. He does this despite
documenting (1) a significant negative correlation between bass abundance and the survival through the
Miramichi estuary of NW Miramichi tagged smolts, plus (2) showing a significant negative correlation
between bass abundance and grilse returns to the SW Miramichi one year later, i.e., reflecting the loss of
smolt output from the year before. (Please note that in this document we may refer to the NW composite
that includes the Northwest Miramichi plus the Little Southwest (LSW) Miramichi, and the SW composite
that includes the Southwest Miramichi and the Renous rivers. Each of these composites discharge into
common bays of the greater Miramichi estuary. In addition, the term smolt,or smolts is used to also apply
to post-smolts — i.e. smolts that have recently entered the marine environment.)

Figures 1 and 2 (below) depict annual bass stock number estimates and and the NB Dept. of Natural
Resources and Energy Development's data on annual grilse and MSW salmon returns to the Northwest and
Dungarvon headwater protection barriers. Figure 3 and 4 again depict bass numbers and in these cases,
total returns of grilse and MSW salmon to the Northwest and Southwest Miramichi composites, estimates
that are extrapolated from returns to the Cassilis and Millerton estuary traps, respectively. Estimates of bass
numbers and salmon numbers extrapolated from trap data were taken from DFO assessment documents
(i.e., Research or Advisory Documents). The bass numbers in the Figures 1 to 4 are for the year of their
estimate. Estimates of bass numbers were not available for 2010, 2012, and 2020, and likewise salmon
return estimates were not available for 2020. The decline in the grilse returns began after the very obvious
spike in bass numbers to over 200,000 spawners in 2011 and the onset of the massive growth in the bass
spawner population. The decline in MSW salmon followed thereafter.
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Estimates of the Striped bass spawning population have approached 500,000 for several recent years and
may have exceeded this number in 2023 and probably have in 2024. According to data from the Atlantic
Salmon Federation, the recent historically high annual bass numbers are concurrent with tagged smolt
mortality rates of approximately 95% in the NW Miramichi (Atlantic Salmon Federation data supplied by
Neville Crabbe, 2023). It is a well-accepted rule-of-thumb target in Atlantic salmon management that
approximately 5% of adult returns are necessary to sustain a population. To achieve the 5% adult
recruitment target for the past several years, NW Miramichi salmon, after leaving the Miramichi estuary,
would have to travel thorough the Gulf of St. Lawrence and Strait of Belle Isle to Labrador and perhaps
Greenland, and return to the Miramichi with zero mortality. It is incomprehensible that this could be
considered as being possible.

Concurrently, DFO's river specific data for Bay of Chaleur rivers, the Restigouche and Cascapedia, where no
substantial striped bass numbers are present in their estuaries, have tagged smolt mortality rates through
the estuaries and the Bay of Chaleur of approximately 10% vs. the ~95% with NW Miramichi tagged smolts.
A quick and simple look at salmon returns in Table 1 provides a visual of the dramatic reductions in grilse
and MSW salmon returns to the salmon protection Barrier on the NW Miramichi since 2010. For
comparison, DFO's estimates of the Numbers of Striped Bass Spawners for the year previous to the grilse
return years (2009 and 2023). The decrease in the percentage total salmon and grilse returns to the
Dungarvon barrier on the Southwest composite are similar over the same period.

Table 1 Comparison of Salmon Returns to the Northwest Miramichi Salmon Protection
Barrier, 2010 versus 2024, plus Striped Bass Spawner Numbers in the Previous Year (yr-1).

Total Grilse | Total MSW Total Atlantic Striped Bass
Final Date Year to Date to Date Salmon to Date (yr-1)
Oct. 22 2010 852 284 1136 45040
Oct. 11 2024 8 39 47 500000 *
Change 14 years -544 -245 -1089 451960
Change
Magnitude - 99 1% -86.3% -05.9% 940 8%

* 500,000 striped bass in 2023 is the estimated size of the spawning population alluded to by DFO at a Consultation Meeting
between Stakeholders and DFO in January 2024.

Research Document 2022/030 (Chaput 2022) provides two reasons to conclude that the large numbers of
striped bass are having no harmful effect on the Miramichi salmon population (i.e., "no-effects’). The first
reason for the author’s rejection of a harmful effect was the lack of significant correlation between estimated
annual striped bass spawner numbers and the same-year mortality rates for the SW Miramichi acoustically-
tagged smolts. This conclusion was reported despite a significant correlation between bass numbers and
mortality rates for NW Miramichi tagged smolts - an analysis reported in the same document, and given
that the vast majority of striped bass are in the NW Miramichi. When including data for years since 2018
(the final year of data used in the analyses reported in Research Document 2022/030), a significant
correlation between annual bass numbers and mortality rates for tagged SW Miramichi smolts is also
apparent (see Appendix A-1).
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The second reason for DFO's “no-effects” conclusion was based on a regression analysis of Smolt-to-1SW
salmon survival rates for the NW Miramichi versus the numbers of Striped Bass Spawners in the year of
smolt emigration (Chaput 2022). Both the Striped Bass Numbers and 1SW Salmon Returns, used in the
analyses, were DFO’s annual estimates of their abundances, determined through mark-and-recapture
programs carried out by DFO. The numbers of Smolts emigrating from both the NW and SW Miramichi
systems respectively, were determined through a “cohort analysis” with 2-year old smolts derived from small
parr density measures and 3-year old smolts from large parr abundances. Total smolt outputs were
estimated through extrapolation of smolt production estimates to the total wetted habitat areas potentially
utilized by salmon (these areal estimates of salmon abundance are the metric used by DFO). The author
states that the Smolt-to-1SW salmon survival rates determined are “Relative Survival Rates”, and that “The
Term Relative Survival Rate is used because the estimated smolt production is raised using the total habitat
area of the rivers. This exaggerates the smolt production because the juvenile indices are derived for specific
components of the habitat, classic juvenile rearing habitat.” The cohort analysis is DFO’s choice of
abundance metric despite many external reports of its shortcomings.

The Smolt-to-1SW survival rates utilized in Chaput (2022) are very different from those reported for many
of the same years by Chaput et al. (2016) because of the two different methods by which smolt numbers
were determined, i.e., via cohort analyses versus mark-and-recapture. Differences between Smolt-to-1SW
salmon survival rates determined by the two methods are detailed in Table 2

Table 2 Comparison of Annual Smolt to1SW Salmon Survival Rates for the Same Years as
Published in Res. Docs. 2016/029 (Chaput et al. 2016) and 2022/030 (Chaput 2022).
Southwest Smolts to 1SW Survival Morthwest Smaolts to 1SW Survival

Year | % Surv 2016 | Rel Surv (%) 2022 Year % Surv 2016 | Rel Surv (%) 2022
2001 8.6 0.7

2002 3.1 0.7 1995 3.1 0.85

2003 6.8 1.15 2000 5.2 0.25

2004 1.8 0.8 2001 6.8 0.4

2006 1.5 0.9 2002 2.5 0.3

2007 1.6 1.05 2003 4.2 0.6

2008 1 0.65 2004 2.6 0.63

2009 3.3 1.75 2011 0.3 0.3

2010 1.5 1.4

R -0.065 R -0.035

Correlation analyses between both sets of survival rates show no similarity for both the Northwest and
Southwest systems (p > 0.05). The lack of similarity is related to the difference in smolt number estimated
by the two different methods because like numbers of 1SW salmon would have been used in both sets of
analyses. It seems reasonable to accept that the smolt number estimates by mark-and-recapture (Chaput
et al. 2016) as being the more accurate given this is a well know and proven method of estimating
population numbers in fisheries science. The above invalidates DFO’s Regression Analysis and as evidence
in support of its conclusion that the massive striped bass spawner population is having no effect on adult
salmon returns to the Miramichi River.

A simple correlation of historic bass numbers versus grilse returns one year later since 1995 for each
drainage composite are negative and significant. Please refer to Appendix A-2.

11/6/2024 Page 7

1375-2519-3232,v. 1



SAVE MIRAMICHI SALMON INC.

Sauvons les saumon de la Miramichi / Plamu 1st Save Miramichi Salmon - Scientific/Technical Supporting Document

In addition to the incorrect no-effect reasoning of Chaput (2022) that resulted from use of the cohort
analysis, the author seems to imply that the number of smolts entering the marine environment has no
bearing on subsequent adult salmon returns, that returns are independent of smolt output or perhaps they
actually decline with increasing output, so-called density dependence. There is consensus among Atlantic
salmon biologists and fisheries managers that high seas rearing area for salmon is a density independent
environment (e.g., Hansen and Quinn, 1998; Gibson, 2006 [Res. Doc. 2016/029]). From Gibson (2006): “As
outlined by Jonsson and Jonsson (2004), most salmon fisheries theory assumes that the mortality of salmon
in the ocean is density-independent, a rationale based on the idea that the population density is far below
the assumed carrying capacity for salmon in that habitat.”

Density independence for salmon in the marine environment implies that a relationship between smolt
output and adult salmon returns described by an ascending straight line leading essentially to infinity best
fits the data. The instantaneous rate of return at any point on the line is positive and constant. Density
dependence such as the Beverton-Holt relationship commonly used in fisheries science and management,
normally indicates that, above a smolt output point, there are progressively smaller rate increases of adult
returns. After some point of smolt output, the instantaneous return rate starts to decrease, but never goes
to or falls below zero. An increase in returns followed at a certain smolt output point by a downturn of
returns or a random rate of return (a Ricker relationship) with increasing smolt output is however possible
(Gibson, 2006). Please refer to the following examples in Figure 5:

Density Independent Pattern Density Dependent or
i Beverton-Holt Pattern
9000 =001
6001 B a0
w7000 0 4000
— 6000
S o 3 3000
S 100 s ® sy
g A - 20
‘__'J ULy .
S 2000 3 1000
g 1000 <
( y
0 200 200 300 0 100 200 300
Smoltsin 1,00Us Smolts (1,000s)
Random or Ricker Pattern
» 2500
= 2000 .
-
5 1500 B8 5 °
€ 1000 o
S 500
=
< 0
0 100 200 300
Smeolts (1,000s)
Figure 5 Generalized Types of Adult Return versus Smolt Output Patterns.
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Gibson (2006) examined 15 eastern North American rivers for evidence of potential marine density
dependence in grilse returns. Twelve were density independent. A straight-line function best fit the data.
One (Quebec’s St. Jean) exhibited a mild density dependent fit, and grilse return patterns from two
Newfoundland rivers (the Campbellton and Trepassey) seemed to be random fits. Subsequent figures
provided by by Dr. Brian Dempson, DFO Newfoundland (retired - pers. comm. to J. Bagnall, 2024) included
data from 1992 to 2018. These data for Trepassey now seem to conform to a density independent pattern.
Gibson (2006) also looked at two sea-winter maiden returns to nine rivers. All nine patterns were typical
of density independence.

The following (Figure 6) are Gibson’s (2006) charts for the Northwest Miramichi.
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Figure 6 Grilse Returns versus Smolt Outputs for the Northwest Miramichi from Gibson
(2006).

These figures demonstrate density independence, i.e., adult salmon returns being highly correlated with
smolt output for both NW grilse and two sea-winter salmon returns. Given that the author of Res. Doc.
2022/030 is using these same data generated by DFO and is very well entrenched in the international
community of Atlantic salmon fisheries management, it is surprising that a conclusion suggesting density
dependence is implied in Res. Doc. 2022/030..

2.4.5 DFO’s Alternative Explanations for the Decline of Miramichi Salmon

The "no-effects” decision expressed in Res. Doc. 2022/030 follows a pattern of a seemingly conscious
disregard for DFO'’s “precautionary approach” and “ecosystem perspective”. To begin with, while the effect
of predation on native fishes by striped bass is a very well-established fact and all the available data for the
Miramichi point to the predation impact on smolts, DFO chose to propose three alternatives that lack any
science basis. The following bullet points describe these conjectures:

e From Chaput et. al. (2018) - “The fish tagged during 2003-2008 were taken from a different branch of the
Northwest Miramichi than those tagged in 2013-2016 with the smolts from the latter period captured
downstream and released again above a tributary (Tomogonops River) impacted by acid and metal runoff
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from a decommissioned base metal mine. There are concerns for Atlantic salmon smolt vulnerability to
episodic acidification and elevated concentrations of bioavailable aluminum during spring snow melt and
increased. Thorstad et al. (2013) reported on delayed mortality in the early period of marine migration of
smolts exposed to aluminum and moderate acidification in freshwater. This cannot be excluded as a factor
contributing to the lower apparent survival rates in the Northwest Miramichi smolts in the latter part of
the time series..."

DFO'’s hypothesis is based on the implication that the long-mothballed, Heath Steele Mine with its well
treated and monitored effluent could have caused delayed mortality among Northwest Miramichi
smolts, mortality which was not experienced by the earlier Little Southwest tagged smolts that did not
travel past the mine site. We are not surprised that no results of any study have been reported to
stakeholders, and we assume DFO has now rejected its hypothesis.

e From Chaput et. al. (2018): - "We cannot exclude the possibility that the differences in estimated survival
rates between bays and over years in this study are also in part due to differences in the size distributions
of acoustically-tagged smolts among years and rivers."

In other words, the increased mortality of smolts in the "high bass” years as indicated by a lower rate
of tag detections at the end of the estuary may have been because the tagged smolts used in the “high
bass” years were smaller (shorter). We have heard nothing more about it.

o The effects of tagging were brought up in Chaput et. al. (2018) with references deleted and our
annotations in parentheses [ |:

"An important concern regarding the use of marked animals to make inferences on behaviour and survival
of unmarked/ unhandled animals is the consequence of tagging and handling effects on the estimates of
survival or migration dynamics. It is extremely difficult to make the case that a tagged smolt would behave
and have the same mean probability of survival as an untagged smolt. In terms of absolute levels, it is
unlikely that the estimates derived from marked animals correspond to those of unmarked animals. There
can be important growth and survival effects of handling and tagging even when animals are held in
captivity post tagging and monitoring tagged fish in captivity does not provide much insight into the
conditions encountered by fish released to the wild. The capture, handling, tagging procedures in addition
to introducing stress and injury to individual animals also interrupt the migration phenology [behaviour
related to natural cycles] of wild smolts during a particularly sensitive period. Removal from schooling
with conspecifics, release back to the river during the day or even near dusk when wild conspecifics are
sheltering and not in active migration phase, can result in increased vulnerability to predation.”

The science of tagging fish, including salmon smolts is very well-established and a well-defined
discipline. There is zero evidence that a Miramichi River salmon smolt behaves any different than the
10,000+ studies of tagged salmon smolts in the literature. Nonetheless, the Canadian Rivers Institute
went further by examining predator tags in Miramichi River smolts. In the pending CRI publication, tags
were inserted into pre-smolt groups in the fall as well as into other groups of smolts in the spring.
There was no difference in mortality/survival rates through the estuary between the fall-tagged group
and those tagged in the spring. The conclusions are: 1) there is no tag effect; and 2) that a cold-blooded
predator like the striped bass, present at the time of the smolt migration is the pre-eminent consumer
of seaward-migrating, juvenile salmon in the Miramichi estuary in the Spring.

Another potential reason that has been advanced, but to our knowledge has not been formally proposed,
is that the decline in the greater Miramichi’s salmon population is simply typical of a general decline that is
common to all rivers draining to the Gulf of St. Lawrence, a decline perhaps related to global warming. For
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example, from the minutes of FOPO (2019), Mr. Serge Doucet (Regional Director General, Gulf Region,
Department of Fisheries and Oceans):

"Now, some have suggested that there may be a link between that increase in striped bass populations and
the decreased populations of Atlantic salmon. However, studies by DFO have not been able to establish such
a direct causality. In fact, a decline in the abundance of Atlantic salmon has taken place in all areas of
eastern North America, including places where there are no striped bass, or the phenomenon of
striped bass increase has not taken place. Similar declines in the population of Atlantic salmon are also
being recorded in the European range. A variety of factors could explain the decrease in salmon populations.
For instance, we can no longer ignore the warming climate, which led to unprecedented angling
closures in 2018 as rivers reached temperatures lethal to Atlantic salmon, a species best suited to colder
water."

Here, Mr. Doucet's implies that the universal decline he referred to, and its attribution to global warming
was settled science, but it appears to have been speculation on his part. Dr. John Ritter (2024, unpublished)
has rebutted this hypothesis, and further, has identified striped bass as being the cause of the decline. Dr.
Ritter's report has been shared with DFO's, Gulf Region.

2.4.5.1Summary - Evidence for Striped Bass Causing Population-Level Damage to
Miramichi Atlantic Salmon

1. Atlantic salmon of the Northwest and Southwest composites of the Miramichi River system have
been in decline since the steep drop-off in returns in 2012. The decline has been greatest on the
Northwest composite where returns are at a critically low level.

2. The survival of tagged smolts from both the NW and SW composites during their travel through
the estuary are significantly negatively correlated with bass numbers for the same year when the
most recent years data are included in the analyses.

3. The grilse returns to both NW and SW Miramichi systems are significantly negatively correlated
with bass numbers for the previous year when the most recent years data are included in the
analyses.

4. The absence of a similar decline pattern in salmon returns to others rivers in the Gulf similar to the
downturn in Miramichi salmon since 2011 rules out any density dependent effects in the marine
environment, and such effects would be inconsistent with results reported in the literature.

5. The decline in Miramichi salmon is inconsistent with the stability of other Gulf salmon populations
which, in general, have not been declining since 2011 (there have been some dips in some
populations in most recent years but not long term declines).

6. The potential for the salmon downturn to be attributed to factors other than striped bass, factors
such as delayed mortality from exposure to mine effluent, the result of the use of different sized
smolts in pre versus post bass population explosion year tagging experiments, and tagging effects
are not credible or have been invalidated.

We have therefore refuted the arguments put forth in Res Doc 2022/030, used by the author to justify the
conclusion that the decline in and low salmon returns to the Miramichi system were not attributed to the
growing bass population.

The decision of "no-effect” in Res. Doc. 2022/030 has had substantial consequences, specifically leading to
NO action on the part of DFO to appropriately manage the Miramichi bass and salmon populations.
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In February of 2019, the House of Commons Standing Committee on Fisheries and Oceans, commonly
referred to as FOPO, held hearings on “Striped bass in the southern Gulf of St. Lawrence and Miramichi
River: striking a delicate balance”, also the title of their final report. The following relevant recommendation
came from the report:

e Recommendation 2 - That Fisheries and Oceans Canada’s restoration framework prioritize the long-
term balance of fish species in the Southern Gulf of Saint Lawrence and Miramichi River (FOPO, 2019).

Chaput (2022) acknowledged this recommendation by referring to an “existing DFO policy”. From Chaput
(2022): "DFO developed a policy to support rebuilding plans under the precautionary approach framework
for stocks that are in the critical zone. DFO (2019) states that in cases where rebuilding a stock has the
potential to negatively impact the status of another, as in the case of rebuilding a predator species
that could result in a decline of a prey species, rebuilding objectives need to be carefully developed
through a balanced approach to ensure neither is depleted to a point of serious harm [our emphasis].
Most importantly DFO (2019) acknowledged that it is not possible to simultaneously achieve yields
corresponding to Maximum Sustainable Yield (MSY) predicted from single-species assessments for a system of
multiple, interacting species and rebuilding efforts should be approached within an ecosystem context to the
extent possible.” (Note "MSY” is the maximum annual yield or harvest of a species that is possible without
decreasing the population size.)

DFO has stated that in any future striped bass fisheries, the harvest, will not be great enough to allow the
striped bass population to drop below the Limit Reference Point (LRP -DFO, 2023) of 330,000 spawners (A.
Gagne, DFO Minister's assistant, personal communication to J. Bagnall, 2024). The LRP is a point below
which a further population decline should be avoided to “prevent serious harm to the stock”. For the
Miramichi striped bass population, Res. Doc. 2022/029 states: “"Based on the trajectory of the population over
the relatively short period of assessment, maintaining a spawner abundance that exceeds 330 thousand
spawners should be more than sufficient to avoid serious harm to the population.” To begin with, the
established LRP is high given the knowledge that the bass population has successfully recovered from a
level of ~4,500 spawners which was the mean estimated abundance for the period 1996 to 2000 (Chaput
et. al,, 2022). If 300,000 striped bass is “more than sufficient”, then what would be considered a science-
based LRP, or in other words, “sufficient” and therefore an actual science-based number reflecting the true
LRP? Importantly, bass were surviving at numbers closer to 5,000 through the 1990s which is very clear
evidence that the actual LRP is not anywhere close to the elevated 330,000 accepted by DFO today.
Interestingly, a fisheries target or Optimum Sustainable Yield stock level of 100,000 bass was put forward
as a "trial balloon” in Chaput (2022). We propose that this fisheries target level and an associated lower LRP
value that has actual value in protecting the bass stock be implemented immediately so that DFO can assess
the impact on the striped bass and other species of the Miramichi impacted by the bass.

In July of 2024, DFO announced an increase in the allowable harvest of striped bass for the First Nations'
commercial fishery. Much ado is being made of the total 175,000 bass quota. However, a portion of the
original 50,000 quota (the actual harvested portion) of this number is already incorported into the recent
bass population trajectory, which is suspected to have reached an observed population of ~500,000 striped
bass, a number hinted at during the Easten NB Coastal and Inland Recreational Fisheries Advisory
Committee meeting in January — 2024. From Chaput and Douglas (2022): “The abundance trajectory of this
population indicates that to date, the exploitation rate has been less than the surplus production of the
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population.” In other words, the population in 2022 was stable, or perhaps (and probably) increasing
despite the commercial harvest, and (at the time) a 3-fish retension limit in the daily recreational fishery.
The increase in removals proposed to start in 2025 would involve the increased catch from achieving the
original 50,000 bass quota, plus the announced potential harvest of an additional 125,000 bass, an increase
in recreational retention from three to four fish daily, and the newly announced allowable by-catch in
existing commercial fisheries. A critical point to understand is that the inviolable nature of a 330,000 bass
LRP was communicated to us (A. Gagne, pers. Comm. to J. Bagnall — mentioned previously) after the July-
2024 announcement of the increase in the allowable bass harvest for 2025 to a level of 175,000. The timing
of these statements by DFO implies that they are confident the additional annual harvest allocation will not
reduce the bass stock to a level fewer than 330,000, i.e. retaining the status quo of the illogically high LRP.

At maximum sustainable yield (MSY), a 200,000 to 400,000 allowable harvest would be possible under the
selected model DFO is presumably working from (drawn from Chaput and Douglas , 2022). Assuming a
more reasonable estimate of the very high 2017 stock estimate, which we and others view as an outlier, the
bulk of the currently assumed stock level of ~500,000 bass was propped up by the progeny of (recruitment
from) an average of approximately 330,000 spawners from 2015 to 2018, this despite commercial and
recreational fishery removals. Fish from previous generations reproduce to replace those removed. As it
is, the stock is increasing rapidly, and it appears to be approaching the level that will support MSY in a single
species context. Thus, the net effect of the announced 2025 (and future) removal increases is the high
potential for a negligible-to-non-existent change in the spawning stock. In fact, despite the potential
increased removals, the stock may continue to increase and may have already increased substantially since
the last publish stock value of 471,000 for 2022. (As an aside, why has the 2023 striped bass stock level not
been announced yet? It was known in January — 2024. What is the big secret?)

Despite the conclusions of Chaput (2022), our subsequent work referred to above has demonstrated that
past bass numbers and smolt mortality through the estuary are highly correlated for both drainage
composites of the Miramichi, and the relationships are statistically significant. The CRI predator tag study
has identified striped bass as the reason for the increased smolt mortality over the past 13 or 14 years.

The correlation between bass numbers and smolt mortality has predictive value. We have developed a
model that estimates Atlantic salmon population abundance associated with various striped bass
population levels plus, salmon metrics for initial egg deposition, survival rate to the smolt stage, survival
rates in the high seas, and repeat spawner numbers. We explain its components in the next sub-section,
but what the model does is compare the number of eggs initially deposited with the number of eggs that
are deposited in the next generation by the survivors. The popular conclusion discussed previously is that
a striped bass population of 100,000 allows the Miramichi salmon populations in each major composite
drainage (rivers identified previously) to be sustainable. This will be confirmed, at least partially in the sub-
sections below.

The following is an explanation of how we arrived at the 100,000 bass stock number. The model, called an
"Egg-to-smolt / Smolt-to-Egg” exercise judges population sustainability according to bass population
numbers primarily by varying the survival rates of smolt salmon through the estuary. Variability in the
survival rates is produced according to the regression of the historic annual mortality (1 minus survival)
rates of tagged smolts as measured by the Atlantic Salmon Federation and the bass number as published
by DFO. Other model variables or calculated values assumed or included are:
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a. Initial salmon Egg Deposition. 2.4 eggs per m? is the classic Elson's normal that was used as a the
bench mark for a sustainable salmon population in Atlantic Canadian rivers, until the Precautionary
Approach method replaced it with different lower and upper reference points that are unique to
individual rivers. The actual deposition rate is now desperately low on the NW composite, assumed
to be approximately 0.5 eggs per m?, and 1.2 eggs per m? on the SW composite. The deposition
rate would increase in the next generation, if more adults return to spawn than what produced the
eggs in the first place. The calculated surplus fish value and subsequent egg deposition would
decrease if returning runs plus repeat spawners are lower than the input values or if the returning
pre-spawning recruits are over-harvested.

b. The deposition rate is multiplied by the wetted area of the drainage to get total eggs deposited;
also the standard metric from DFO.

c. MSA Southesk Hatchery eggs. This can be any number up to 11,500,000, perhaps more. This
maximum assumes 6 tanks of MSW equivalents, tanks with 2,908 ft3 volume, 1.25 Ib/ft3, 12 Ib/
female, 95% female from the culling of males, and a fecundity of 7,387 eggs per female.

d. Total egg deposition. SAS eggs and naturally spawned eggs are added.

e. Egg-to-smolt Survival. An assumption. The model is very sensitive to this number. It is an index of
habitat quality and density dependence at high egg depositions. It also depends on the percentage
of 2-year-old smolts vs. 3-year-old smolts, with a higher survival if 2-year-olds dominate. The
observed range is from 0.5% to 3%. Judging from recently published survival rates from the
adjacent Nashwaak and Tobique drainages (Gibson et. al., 2016) and from Figure 7 (from O’Connell
et. al, 2006), a value of 1% was used. This rate is conservatively high as both the published
Nashwaak and Tobique rates are <1%.

f.  Bass numbers. This determines the striped bass induced smolt mortality rate. Historically, bass
numbers have ranged from <5,000 to what is now suspected to be ~600,000.

g. Smolt-to-High-Sea’s survival. As alluded to previously, the smolt-to-high-seas survival value in the
next row is calculated from a correlation between known estimates of bass numbers and mortality
of smolts travelling though the estuary. (Several notes: First, the 2017 outlier year of 2017 was
eliminated from the regressions. Second, a bass value of 500,000 was used for 2023, a number that
was based on statements made by DFO at a consultation meeting in January. The bass number for
2010 was underestimated by DFO and therefore that year's estimate was not used. Bass data for
2012 and 2020 <Covid> were not available.) There is a different correlation equation for each major
sub-drainage, the SW Composite, and the NW Composite. The variation is due to different annual
rates of survival through the estuary for smolts from the two drainage composites, with SW smolts
experiencing historically slightly lower mortality rates than those from the NW composite. As can
be judged from the very high significance value, the excel-provided trend lines and formulas for
them fit the empirical data very well. For the NW composite, the log trend, exponential trend, and
power trend each have coefficients of determination of >84% with the power trend offering the
best at 86%, so it was chosen. On the SW, a simple linear trend was acceptable. The equations for
each of these trend lines were used to calculate the mortality, and by subtraction (1 minus
mortality= survival), the survival rates of smolts from each drainage composites during their transits
through the estuary.
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Figure 7 Egg-to-Smolt Survival rates for Western Atlantic Rivers (yellow circled values are
from NB rivers)

h. Subsequent high seas survival. The next calculation is to estimate a subsequent high seas survival
rate for the smolts that survive from Portage Island to the high seas and back. Based on advice
from DFO (M. Hardy to J. Bagnall, 2024) the survival is variable, to account for a potentially higher
rate of survival for smolts surviving high bass numbers — i.e., bass select for the larger, stronger
smolts. The value used is calculated from the regression of predicted compensatory survival values
(low when estuary survival is high / high when estuary survival is low). The logic for the regression,
as per Chaput et. al. (2018), is the observation that larger smolts have 1.5 to 1.7 times the survival
advantage of shorter smolts. A classic rule-of-thumb is that acceptable survival rates from smolts
to adults is 5%, which was used as the baseline for very low bass populations. 1.7 times this is 8.5%,
and this value was the upper limit used for very high bass populations associated with high smolt
mortality. A linear regression was used to calculate high seas survival rates associated with
moderate smolt mortality rates associated with moderate bass population numbers.
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i. % Repeat Spawners. Salmon are potential multi-time spawners. Between 8% and 25% of grilse and
10% to 40% of MSWs survive to spawn again (from Chaput et.al., 2016). The NW/LSW has fewer
MSWs and more grilse spawners than the SW/Renous (34/66 vs. 45/55 respectively). Therefore, the
total percent repeat spawners varies with which major sub-drainage is chosen. We chose a
conservatively high 20% survival for grilse and 30% for MSWs. A separate calculation can be used
to determine the number of grilse and MSWs contribute to the repeat spawning class — i.e., to
simulate recovery or decline. For simplicity purposes, the initial maiden egg deposition rate has
been duplicated and used in calculations below to determine the repeat spawner numbers.

j. Repeat spawners calculated from percentages of the maiden spawner returns (although, as
indicated, this can vary).

k. Repeat spawners plus pre-spawning maiden adults = "Total spawners".

I.  The number of eggs potentially spawned by these fish calculated according to fecundity
demographics.

ulu

m. The value in “I" is converted to a deposition rate next generation according to the drainage wetted
area. If the value in Row 26 is greater than that of Row 1, the population is poptentially sustainable.

As implied previously, the model provides a salmon and grilse return number that is converted to a potential
egg deposition rate that in turn determines whether the population is potentially sustainable as long as
fishery removals are not too great. The bottom-line, zero-fishery-removal, egg deposition rate that is
highlighted in blue (Row 26) is compared with the initial rate, also highlighted in blue (Row 1), and to judge
sustainability, the bottom line should exceed the top line, and to account for unforeseen survival decreases,
by a substantial amount. Following are several model runs to demonstrate the necessity of a maximum of
100,000 bass to ensure Miramichi salmon sustainability. The first two (Tables 3 and 4) are approximately
where we are now for the NW composite drainage and for the SW drainage to predict the effect on
sustainability. No hatchery supplementation is assumed.

Our egg depositions (Row 1) are based on extrapolations from 2024 barrier captures. The results (Row 26)
are approximately what we have experienced and will continue to experience with an excessively large bass
population. The Northwest population has crashed and that of the SW has slowly diminished. With 500,000
bass, even supplementation with the maximum 11.5 million eggs from the Southesk hatchery would not
bring the NW anywhere near sustainability. This model run is not shown, but the result of 500,000 bass and
supplementation with 11.5 million hatchery eggs is a deposition rate of 0.41 eggs per m? from the initial
deposition of 0.5 eggs per m?, up from a “no supplementation” rate of 0.24 eggs per m2.
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Table 3 Northwest Composite Run Assumed 0.5 eggs/ m2. Bass population= 500K, probably a
reasonable value as of 2024. The notes in red correspond to the explanations above.)

Miramichi Salmon Population Sensitivity Model

‘Nw Composite

Value or
Row # Parameter Calculation Hotes

1 Initial Egg Deposition a
2 Area 16,590,000
3 Eggs 8,295,000 b
4 Eggs per Fish 2,618
] Fish 3,169
B Potential Eggs Southesk 0 C
i Additional Egg Deposition SAS 0.00
8 Total Egg Deposition Natural + SAS 0.50 d
9 # Eggs 8,295,000
10 Egg-to-smolt Survival 1.0% e
11 # Smolts 82,950
12 Bass in thousands 500 f
13 Smolt-to-High-5eas survival 11.39% g
14 # Smolts to high seas 9,448
15 Subsequent high seas survival 8.13% h
16 # Pre-spawning Maiden Adults 768 [
17 % Repeat Spawners Grilse 20%
18 % Repeat Spawners MSWs 30%
19 Mean Egg Deposition Repeat Spawn Cohorts 0.50
20 Total % Repeat Spawners 25%
21 # Repeat Spawners 784 i
22 Total Spawners 1,552 k
23 Added Recruits from Natural 1,617
24 Potential Eggs Spawned 4,062,664 [
25 Egg Difference from Total Eggs Spawned 4,232,336
26 Egg Deposition next Generation _ m
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Table 4 Southwest Composite Run (1.2 eggs per m? and a 500K bass population)
r

Miramichi Salmon Population Sensitivity Model SW
Value or

Row # Parameter Calculation
1 Initial Egg Deposition
2 Area 29,540,000
3 Eggs 35,448,000
4 Eggs per Fish 2,958
5 Fish 11,986
6 Potential Eggs Southesk 0
7 Additional Egg Deposition SAS 0.00
i Total Egg Deposition Natural + SAS 1.20
9 # Eggs 35,448,000
10 Egg-to-smolt Survival 1.0%
11 # Smolis 354,480
12 Bass in thousands 200
13 Smolt-to-High-Seas survival 24.89%
14 # Smolts to high seas 88,223
15 Subsequent high seas survival 1.65%
16 # Pre-spawning Maiden Adults 6,750
17 % Repeat Spawners Grilse 20%
18 % Repeat Spawners M5Ws 0%
19 Mean Egq Deposition Repeat Spawn Cohorts 1.20
20 Total % Repeat Spawners 2T%
21 # Repeat Spawners 3,216
22 Total Spawners 9,967
23 Added Recruits from Natural 2,019
24 Potential Eggs Spawned 29,477,499
25 Egg Difference from Total Eggs Spawned 5,970,501
26 Egg Deposition next Generation _

Notes

A caveat to be aware of with these runs and as alluded to In Point “i" above, is the populations that
determine repeat spawning may be higher than those assumed here, and therefore egg depositions from
repeat spawning may be higher than calculated and bottom line egg deposition rates also higher. When
the previous populations were very high in comparison with that of the assumed maiden population, the
population decline would be lower than shown above. Our model runs here simply duplicate the applied
maiden population to calculate repeat spawning numbers and egg deposition from repeat spawners. Of
course the reverse is true, if the past populations are lower than those of the maiden population (a recovery
scenario), the bottom line deposition would be lower because of fewer repeat spawners contributing to it.
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The following two runs (Tables 5 and 6) demonstrate what would happen with a 100,000 bass stock number.

Table 5 NW Composite Run (100,000 Bass and a 0.5 Eggs per m? Deposition Rate)
Miramichi Salmon Population Sensitivity Model

" NW Com posite
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Value or

Row # Parameter Calculation

1 Initial Egg Deposition

2 Area 16,590,000

3 Eggs 8,295,000

4 Eggs per Fish 2,618

5 Fish 3,169

B Potential Eggs Southesk

i Additional Egg Deposition SAS 0.00

8 Total Egg Deposition Natural + SAS 0.50

9 # Eggs 8,295,000

10 Egg-to-smolt Survival 1.0%

11 # Smolts 82,950

12 Bass in thousands 100

13 Smolt-to-High-Seas survival 38.59%

14 # Smolts to high seas 32,008

15 Subsequent high seas survival 7.16%

16 # Pre-spawning Maiden Adults 2,293

17 % Repeat Spawners Grilse 20%

18 % Repeat Spawners MSWs 30%

19 Mean Egg Deposition Repeat Spawn Cohorts 0.50

20 Total % Repeat Spawners 25%

21 # Repeat Spawners 784

22 Total Spawners 3.076

23 Added Recruits from Natural 493

24 Potential Eggs Spawned 8,051,957

25 Egg Difference from Total Eggs Spawned -243,043

26 Egg Deposition next Generation _

Notes
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Table 6 Southwest Miramichi Run (100,000 Bass and a 1.2 Eggs per m? Deposition Rate)
L

Miramichi Salmon Population Sensitivity Model SW
Value or
Row # Parameter Calculation Notes

1 Initial Egg Deposition _ a
2 Area 29,540,000
3 Eggs 35,448,000 b
4 Eggs per Fish 2,958
5 Fish 11,986
b Potential Eggs Southesk c
T Additional Egg Deposition SAS 0.00
8 Total Egg Deposition Natural + SAS 1.20 d
9 # Eggs 35,448,000
10 Egg-to-smolt Survival 1.0% e
11 # Smolts 354,480
12 Bass in thousands 100 i
13 Smolt-to-High-Seas survival 52.85% g
14 # Smolts to high seas 187,336
15 Subsequent high seas survival 6.65% h
16 # Pre-spawning Maiden Adults 12,464 [
17 % Repeat Spawners Grilse 20%
18 % Repeat Spawners M5Ws 30%
19 Mean Egg Deposition Repeat Spawn Cohorts 1.20
20 Total % Repeat Spawners 2T%
21 # Repeat Spawners 3.216 i
22 Total Spawners 15,681 k
23 Added Recruits from Natural 1.695
24 Potential Eggs Spawned 46,375,967 [
25 Egg Difference from Total Eggs Spawned 10,927,967
26 Egg Deposition next Generation _ m

These runs demonstrate the NW composite’s salmon population becomes almost sustainable with a bass
population of 100,000. A decline in any of the survival rates would plunge the salmon spawning population
into decline. Besides bass population reduction, large initial annual hatchery supplementation is needed to
boost recovery.

With 100,000 bass, the Southwest's salmon population would become sustainable, although at a bottom-
line lower-than-acceptable egg deposition rate for rapid recovery. The SW composite’s drainage area is so
large that blanket stocking with Smolt-to-Adult Supplementation fish or 0+ fry would be impractical.
Introductions into SW habitat that is extremely underpopulated with juveniles would be the best use of
hatchery production, of which the great majority should be targeted to the more vulnerable NW composite.

This model, like any others comes with the caveat that personal bias could skew results. However, as
indicated in the explanations of variables, conservative values were used that favoured lower calculated
mortality rates and therefore higher bottom-line deposition rates. The results indicate a bass stock level of
greater than 100,000 is incompatible with Miramichi salmon sustainability. This agrees with observations
and speculation in Chaput (2022):
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e “For both the Southwest Miramichi and Northwest Miramichi tagged smolts, the lowest survival rates from
head of tide to bay exit were estimated in the recent period (2013 to 2016) when the estimated abundance
of Striped Bass was greater than 100 thousand spawners.

e For the Southwest Miramichi, there have been equally low relative survival rates at very low and very high
Striped Bass spawner abundances, with higher relative survivals of salmon at Striped Bass abundances of
20 to 100 thousand spawners.

e Based on acoustic tagging estimates of survivals through Miramichi Bay, the years when Striped Bass
spawner abundances exceeded approximately 100 thousand spawners corresponded to year with visibly
lower estimated survival rates

e Striped Bass abundances in the range of 100 thousand spawners in the past corresponded to high landings
of gaspereau and smelt, and the highest survival rates of acoustically tagged smolts through Miramichi
Bay. Setting a management objective for Striped Bass at approx. 100 thousand spawners, perhaps calling
this a target reference point (rather than upper stock reference), will result in large reductions of the
potential fisheries yield of Striped Bass.”

The final mention of 100,000 bass in Res. Doc. 2022/030 is in the following:

e "It is not clear from these time series of data, that reducing Striped Bass spawner abundances to the level
of the early 2000s, i.e., less than 100 thousand spawners, would improve the acoustic tagged smolt survival
estimates, the population level relative survival rates derived from the cohort model, or the landings trends
of gaspereau and Rainbow Smelt in the commercial fisheries.”

The conclusion in the last bulleted paragraph was annulled during previous discussions when the cohort
analysis method of determining smolt output was invalidated and density independence of smolts in the
high seas was asserted.

This begs the question as to how the sGSL's striped bass population can be reduced to achieve the 100,000-
bass target. The obvious answer is via an increased commercial fisheries’ harvest. What magnitude this
should take is a vital question to answer, and we have attempted to do so in the following.

Various stock-recruitment models are discussed in research DFO (2021), and in Chaput and Douglas (2022).
These documents are complex with many scenarios being examined that seem to understandably confound
the authors as much they did our group when we read them. That being said, what we do know is the Limit
Reference Point (LRP) below which population harm may occur was established in these documents at
330,000 spawners, and that this number recruits (new fish added to the “stock” <comprised of fish large
enough for the fishery and to spawn>) to a population that is one half the maximum that the environment
will support. Although other models mentioned in the previously referenced documents can produce stocks
of considerably more, the maximum stock level that seems to have been settled on is a value of just over
one million.

We assumed a maximum 1.2 million spawners, a conservative value. The range in /2 "K" (carrying capacity)
from Table 6.4(a), Model 5 (Res. Doc. 2022.029) is 500 to 570 spawners, which is doubled to one million to
1.14 million. This closely agrees with our assumed value. Figure 8, reproduced from Res. Doc. 2022/029
gives credence to our approximation.
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Figure 8 Southern Gulf of St. Lawrence Bass Population Trajectory and Projection (Chaput

and Douglas, 2022)

This means we have three known values, zero or very close to it, which recruits to zero fish, 330,000 that
recruits to one-half of 1.2 million, or 600,000 fish, and 1.2 million, the maximum stock level, which recruits
to itself, 1.2 million. This all that is needed for Excel to produce a regression and calculate an exponential
trend line. This line resembles a Beverton-Holt stock-recruitment curve, which allows prediction of the
effects of various harvest levels. The MSY occurs at a stock (spawning population) level of 635,000, which
generates a recruited population of 983,000 and 358,000 recruits. Therefore, it is more conservative than
the assumptions in Res. Doc. 22/29. Figure 9 is the “Beverton-Holt"” Curve that was generated.
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Figure 9 Beverton-Holt Striped Bass Stock-Recruitment Model Developed from First

Principles
Using the predictive potential of the trend line formula, the following table (Table 7), employs
reasonable assumptions for commercial and recreational fishery + natural mortality values before
and after spawning and a recruitment schedule of 50% of age 3s (recruitment from 3 years prior),
40% of age 4s, and 10% of age 5s, to predict the next year's initial stock to which salmon smolts
and smolts would be exposed. Natural and fishing mortality are combined into a rate of 25%, 12.5%
for the six months after fishing the previous year and before spawning and 25% after spawning
until the end of fishing in the year in question. This approximately agrees with the "M" rate of 22%
that is discussed in such documents as DFO (2021), and Chaput and Douglas (2022). An extra three
percentage points were added to account for an increase in recreational fishing because of the
increase in the creel limit from three to four fish per day. DFO might question the validity of our
assumptions, and we acknowledge they are unsupported estimates. But we think the removal rates
are conservatively high, and we do know that the sum of the proposed new commercial harvest,
the natural mortality values, and the recfish removals will not bring the bass stock to a point that is
lower than the 330,000 LRP. We know this because the DFO Minister’s assistant told us so (again)
after the announcement of the allotted increase. (Refer to Section 2.5.7 - above.)

Table 7 demonstrates how the recently announced commercial harvest level of 175,000 will barely
budge the initial stock level that is assumed to have the greatest effect on salmon smolt and smolt
survival in the lower rivers and estuaries. Table 8 shows how a much greater commercial harvest is
required to rapidly bring the striped bass stock to an environmentally acceptable level of
approximately100,000.
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Table 7 Model Demonstrating the Inadequacy of the Recently Announced 175,000 Bass Harvest Level to Achieve a Bass Stock Level of

100,000
Population Pre-spawn
Pre-harvest |Pre-spawn | Recfish + | Spawning | Recruited
Year | & Spawn | Hanest | Matural | Stock | Population |Recruiment
2019 34 34 582 268
2020 390 390 696 306 Recruit Schedule
2021 261 251 496 235 3yrs Prior 4 s prior 5 yrs Prior Total M= 25%
2022 472 472 aor 335 50% 40% 10%
Late Pre- Late Rec Total Ann. [Ann. Rec| Total

Total fishery Post-Spawn | Hanvest |Total Late | Comm. |Harvest+| Ann.
2023 500 500 843 3 3t Prioc| 4t Prior | 5 yr Prior | Recruitment | Popualtion | Comm. Harvest | +Hatural | Modality | Havest | Natural | Mortality
2024 550 2% 69 456 Tar Kk} 18 12 27 267 [k 25 90 14 40 159 209
2025 608 100 16 432 754 3 168 Y ) 292 T4 (] 9 166 166 M
2026 559 100 70 359 634 306 1m 134 24 329 718 75 a0 165 160 335
2027 33 100 €9 ¥ 68T 303 165 137 k) 336 720 (] a0 165 159 ot
2028 555 100 B9 385 690 304 161 132 M 323 T3 [ &9 164 159 334
2029 M9 100 %] 380 682 302 153 Fs) K] 35 95 75 ar 162 156 ) |
2030 533 100 &7 367 662 296 152 122 32 306 673 75 B4 159 151 3%
203 514 100 ) 350 63T 287 152 121 K] I fi54 75 a2 157 146 321
2032 497 100 B2 135 614 280 151 12 30 303 638 75 a0 155 142 an
2033 483 100 B0 3 596 n 148 121 K] 299 622 75 78 153 138 33

2020 value is an estimate based on back calculation from smolt survival rate
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Table 8 Proposed Model for Rapidly Achieving a Bass Stock Level of 100,000

Population Pre-spawn
Pre-harvest |Pre-spawn | Recfish + | Spawning | Recruited
Year | & Spawn | Harvest | Matural Stock Population |Recruitment
2019 34 34 582 268
2020 390 390 696 306 Recruit Schedule
2021 261 261 496 235 Jyrs Prior 4 Yrs prior 5 yrs Prior Total M= 25%
2022 472 472 807 335 50% 40% 10%
Late Pre- Late Rec. Total Ann.|Ann. Rec| Total

Total fishery Post-Spawn Harvest |Total Late | Comm. |Havest+| Ann.
2023 500 500 843 343 3Yr Prior| 4 YrPrior | & yr Prior | Recruitment | Population | Comm. Harvest | +Natural | Mortality | Harvest | Natural | Mortality
2024 550 25 69 456 787 331 118 122 27 267 723 25 90 115 50 159 209
2025 608 200 76 332 610 2738 168 94 H 292 624 200 78 278 400 154 254
2026 346 200 43 103 211 108 171 134 24 329 432 200 54 254 400 97 497
2027 178 150 22 6 13 7 165 137 M 336 342 150 43 193 300 65 365
2028 149 100 19 30 65 35 139 132 3 305 336 175 42 27 215 61 336
2029 119 75 15 29 62 33 54 111 33 198 227 100 28 128 175 43 218
2030 99 20 12 66 139 72 4 43 28 75 141 20 18 38 40 30 70
2031 104 10 13 81 167 a7 17 3 11 kL 112 10 14 24 20 27 47
2032 88 5 " 72 150 78 17 14 1 H 103 5 13 18 10 24 34
2033 85 5 11 69 145 75 36 13 3 53 122 5 15 20 10 26 36

2020 value is an estimate based on back calculation from smolt survival rate
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In both tables, total harvests to achieve the target are highlighted in red with white font for the first
five years. The starting bass stock to which the salmon smolts and smolts are exposed are in red
font in the second column entitled “Population Pre-harvest & Spawn”. Of course, the calculations
in both tables are probably not precise, and because of unpredictable annual bass survival
variability, maybe not overly accurate. However, it demonstrates that very large bass removals for
several years are required to achieve the Optimal Sustainable Yield fisheries target of 100,000
alluded to in Chaput (2022) and confirmed by our egg-to smolt / smolt-to-egg model.

The bass “stock” level can be envisioned as an investment (the principal) and the recruitment as the
rate of return (the accrued increase in annual value). We need to ignore the rule of investing to
never touch the principal and take big initial portions out of it. Assuming a past stable population,
referring to Figure 9, if we don’t want to touch the principal, every year we would harvest only from
the stock level defined by the blue line down to the level defined by the orange “replacement” line.
With the current population of 500,000 or more, to achieve our environmental goal, which requires
a maximum bass stock of 100,000 we will have to harvest to a level well below the replacement line.

Since the striped bass LRP is, by definition, one-half the maximum stock level, a higher maximum
population level, entirely possible according to Chaput and Douglas (2022), would result in a new
higher LRP defined. The resulting Beverton-Holt model would reflect a higher recruitment level
and greater initial harvests would be required to decrease to stock to the fishery target level of the
100,000 bass. The model applied in Table 8 is therefore conservative and its implementation would
still protect the bass population from over-harvest. Annual adaptive management effort would be
required in years subsequent to the first to determine harvests that will achieve, maintain, and not
greatly undercut the 100,000-target bass stock level.

2.5 On Striped Bass Population Protection

We feel it is important to not only discuss the bass stock level that would protect salmon, but also the
minimum level to which the bass population should be allowed to fall, essentially an LRP value. The ~4,500
value for bass from which the population recovered provides a potential LRP consistent with a recognized
method for its determination known as “Brecover”. The authors of Sci. Advis. Rep. 2021/018 and Res. Doc.
2022/029 rejected this method, and 4,500 spawners is obviously a level far too low to which to allow the
population to descend. However, the passing mention in Res. Doc. 2022/030 of an experimental fisheries
target level, implied to be 100,000 bass, indicates this level is not one that would imperil the population.
Further, DFO. (2011) states the following:

The RPA (Recovery Potential Assessment) for Striped Bass in the sGSL (southern Gulf of St. Lawrence)
proposed a recovery limit and compliance rule of 21,600 spawners in 5 of 6 years (DFO 2006). Douglas et
al. (2006) further proposed that once the recovery limit was met, achieving an increased level of 31,200
spawners in 3 of 6 years could be a recovery target to consider for managing access to the resource.

The passage from the 2011 DFO publication is a strong indication that a level of 100,000 represents virtually
no risk of population failure. Either of the 21,600 or 31,200 numbers would be appropriate LRP levels for
sGSL's bass. The 31,200 number was also suggested by Bill Taylor, then President of the Atlantic Salmon
Federation. From the minutes of testimony for FOPO (2019):

o "I would suggest that the recovery target the DFO set of 31,200 is your bottom. That's the floor:”

Additional Corrective Actions Required

In addition to rapidly bringing the bass population down to a spawning stock level of 100,000, the residual
effects of years of mismanagement must be corrected. For example, to address bass predation on salmon
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juveniles in nursery habitat above the heads of tide, the daily creel limits on scheduled salmon rivers such
as those of the Miramichi system should be set to a level that would not seriously affect the chance of an
angler “limiting out”. The slot range for retaining a bass in upland scheduled waters should also be
eliminated.

With 100,000 bass, the Southwest's salmon population would become sustainable, although at a bottom-
line lower-than-acceptable egg deposition rate for rapid recovery. The Miramichi Salmon Conservation
Centre should be used to supplement the current dismally low egg deposition rates on both river
composites. It is designed for Smolt-to-Adult supplementation and has a capacity to produce 3,000 MSW
equivalent fish. The egg production capacity is therefore in the 10 to 15 million range. A majority of female
smolts would be selected. It is envisioned that a straight release of pre-spawning adult fish would be the
primary method of supplementation. A secondary method would involve the holding back of female
salmon to be spawned at the facility and produce first-feeding fry. As of now the hatchery has capacity for
3,000 fish large MSW equivalent fish. We have been advised by an expert advisor that 25% should be males
just in case there are an insufficient number of wild males to induce spawning. (There is uncertainty of the
science saying precocious parr will accomplish this.) Holding back females to spawn in the hatchery and
produce ~1.5 million feeding fry is currently envisioned. These fry would be stocked into previously
identified severely underpopulated habitat in each drainage composite. To meet genetic guidelines, it is
proposed to conduct alternate year stocking of the NW composite one year and the SW the next.

We have demonstrated that even after achieving and maintaining the 100,000 bass fisheries target level,
the Miramichi's salmon population will recover very slowly, and in the case of the Northwest Miramichi
imperceptibly or not at all unless hatchery supplementation occurs. With the required permits, upgrades
to the facility and ancillary equipment, and improved staffing levels, the required supplementation that is
envisioned could be accomplished at the Miramichi Salmon Conservation Centre. Because of its negligent
management of the striped bass population, we consider DFO to be at fault for allowing the Miramichi’s
salmon populations from each composite to fall to their present levels —i.e., well below their LRP limits. For
this reason, we demand that DFO pay for the aforementioned facility upgrades, additional personnel costs,
and provide permits for the yet-to-be fully identified stocking programs.

Summary and Conclusion

Atlantic salmon of the Northwest and Southwest composites of the Miramichi River system have been in
decline since the steep drop-off in returns in 2012. The decline has been greatest on the Northwest
composite where returns are at a critically low level. The cause is the concurrent steep increase in the striped
bass population. This cause and effect has been denied by DFO because of mis-interpretation of existing
data. DFO should now acknowledge this effect, and under existing policy, a balanced management
approach should be implemented “to ensure neither (the bass nor the salmon population) is depleted to a
point of serious harm”. Bass numbers could be reduced substantially before serious population-level harm
results, however salmon numbers are now dangerously low. Immediate action is required to decrease the
bass population to no more than 100,000 spawners and to decrease the associated Precautionary Approach
Limit Reference Point for bass to a level than lower than this.

To address the residual effects of mismanagement of the bass population to the detriment of salmon,
regulations for retention of bass in scheduled salmon rivers above the heads-of-tides should be greatly
liberalized as described above.

In addition, the salmon populatuions from each Miramichi composite will recover very slowly or
imperceptibly unless their populations are supplemented with hatchery fish. This could be accomplished
by the Miramichi Salmon Conservation Centre. Because of its mismanagement of the striped bass
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population, we consider DFO to be at fault for allowing the Miramichi's salmon populations from each
composite to fall to their present unacceptable levels. For this reason, we demand that DFO pay for facility
upgrades, additional personnel costs, and provide permits for the required stocking programs.
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Appendix A-1 - Regressions of Bass Numbers vs. Atlantic Salmon Smolt Mortality in the Miramichi

Estuary
Table A-1 Regression of Bass Population on Tagged Smolt Mortality
MNorthwest Southwest
Measured Smolt Measured Smolt
Year Bass 1000s Mortality (ASF) Year Bass (1,000s)| Mortality (ASF)
2003 20.81 39.3 2003 20.81 56.4
2004 14.51 36.5 2004 14.51 53.8
2005 18.37 24.8 2005 18.37 38.3
2008 22.33 34.4 2008 22.33 325
2007 49,52 31.4 2007 49,52 32.8
2008 91.9 50.8 2008 91.9 431
2013 255.5 831 2009 48.04 43.9
2014 138.3 77.2 2011 2031 40.0
2015 301 66.9 2013 255.5 43.6
20186 318 64.1 2014 138.3 61.0
2017 9394 92.3 2015 301 60.4
2018 333 84.2 20186 318 65.3
2019 314 80 2017 9394 80.4
2021 260.7 8%.4 2018 333 63.7
2022 471.8 96.2 2019 314 66.4
2023 500 8931 2021 260.7 64.5
2022 471.8 73.1
2023 500 79.1
Correlation Bass vs Smelt mort., NW Correlation Bass vs Smolt mort. SW
R | 0.764637391 R | 0.776572798
p | <0.01 p | <0.01

NW v B= Survival NW post smolts vs. Bass

SW v. B= Survival NW smolts vs. Bass

NOTE: The 500,000 value for bass in 2023 was an estimate based on information provided at the
Eastern NB Coastal and Inland Fisheries Meeting.
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Appendix A-2 - Regressions of Bass Numbers vs. Atlantic Salmon Grilse Returns to the Miramichi
Composite Drainages

Table A-2 Regression of Bass Population on Grilse (1 sea-winter) returns
Nerthwest Southwest

Grilse Returns Grilse Returns

from Trap Net from Trap Net

Year Bass 1000s | Extrapolation Year Bass (1,000s) | Extrapolation
1895 54.23 18943 1995 54.23 30241
1896 5.042 9788 1996 5.042 13486
1897 4,537 7762 1997 4.537 15270
1998 4.442 8599 1998 4.442 13290
1899 4123 11550 1999 4123 20430
2000 4,166 8186 2000 4166 18950
2001 26.51 14770 2001 26.51 26420
2002 28.12 5849 2002 28.12 22350
2003 20.61 11740 2003 20.61 33620
2004 14.51 9458 2004 14.51 21950
2005 18.37 5857 2005 18.37 28940
2006 22.33 6269 2006 22.33 20590
2007 49.52 6816 2007 49,52 22280
2008 91.9 2870 2008 91.9 10410
2009 48.04 17840 2009 48.04 31810
2011 203.1 2708 2011 2031 5994
2013 255.5 1349 2013 255.5 6396
2014 138.3 11980 2014 138.3 13980
2015 301 3887 2015 301 11120
2016 318 5051 2016 318 8354
2017 984 2733 2017 984 5920
2018 333 2805 2018 333 5907
2021 260.7 1800 2021 260.7 7400
Correlation Bass vs Grilse returns., NW Correlation Bass vs Grilse returns., SW

R -0.480 R -0.588
p <.05 P <.01

NOTE: The 500,000 value for bass in 2023 was an estimate based on information provided at the
Eastern NB Coastal and Inland Fisheries Meeting.
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Exhibit A

Recent photos representing devastating effects of striped bass predation on Atlantic salmon

PHOTO #1 [Spring 2024]: Miramichi striped bass with partially digested smolts in its stomach
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PHOTO #2 [July 27, 2024]: First striped bass catch ever recorded at Dudley Bogan, McNamee, New
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PHOTO #3 [July 27, 2024]: Summer striped bass catch recorded at Dudley Bogan, McNamee, New
Brunswick [unheard of and unprecedented in 100 + years of Wilson's Sporting Camps records]
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PHOTO #4 [August 17th, 2024 Weekend]: Stomach contents of striped bass, Little Main Restigouche,
New Brunswick. [Approximately 175 km from tidewater]. This is evidence of the spread of striped bass
invasion throughout the rivers on the Gulf Region of New Brunswick’s coastline.
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The migration dynamics and inter-annual variation in early at-sea survival of Atlantic salmon (Salmo salar) smolts over 14 years of study are
reported for four river populations located in the Gulf of St. Lawrence (Canada). Acoustically tagged smolts were monitored at three points along
their migration from freshwater to the Labrador Sea, a migration extending more than 800 km at sea and a period of 2 months. A hierarchical
state-space version of the Cormack-Jolly-Seber model was used to estimate apparent survival rates from incomplete acoustic detections at key
points. There was a positive size-dependent probability of survival through the freshwater and estuary areas; the odds of survival of a 16 cm smolt
were 1.5-1.7 times higher than for a 13.5cm smolt, length at tagging. Length adjusted (centred to the mean fork length of smolts during the
study of 14.6 cm) survivals through the estuary and nearshore waters were estimated to range between 67 and 90% for the two river populations
migrating through Chaleur Bay in contrast to lower survival estimates of 28—-82% for the two populations from the neighbouring Miramichi Bay.
Across the 14 years of study, survival estimates varied without trend for the populations of Chaleur Bay, but declined for the populations migrat-
ing through Miramichi Bay. Survival through the Gulf of St. Lawrence was variable but generally high among years and rivers, ranging from 96%
day™" to 99% day . Long term, replicated studies at multiple sites using acoustically tagged smolts can provide empirical data to examine hy-
potheses of the location and timing of factors contributing to smolt and post-smolt mortality of salmon at sea.

Keywords: Keywords: acoustic telemetry, Atlantic salmon, hierarchical CJS model, smolt survival.

Introduction declines in population abundance estimates or fisheries landings,
Many Atlantic salmon (Salmo salar) populations in the western  as proxies for abundance, have been noted (Beaugrand and Reid,
North Atlantic portion of the species’ range are currently at or 2003, 2012; Chaput et al., 2005). Historically, multiple causes in
near record low abundances (ICES, 2017). Since the 1990s, sharp ~ fresh water (dams, poor land-use patterns, etc.) diminished the

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Fisheries and Oceans, 2018.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is
properly cited.
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salmon’s natural range and reduced population productivity
(Parrish et al., 1998) but declines in the past two decades cannot
be directly or exclusively attributed to freshwater factors. In the
past decade, return rates of smolts to one-sea-winter salmon for
populations in the North Atlantic have been low, averaging less
than 3.5% (an instantaneous mortality rate >3.35) across moni-
tored rivers (ICES, 2017). Favourable oceanographic conditions
have been associated with higher abundances of Atlantic salmon
in some populations and in some years, but the same factors do
not appear to be acting on all populations equally (Friedland
et al., 2000; Peyronnet et al., 2007).

Anadromous salmonid population abundances are most sensi-
tive to factors affecting marine survival (Otero et al, 2011;
Kilduff et al, 2015; Nieland et al, 2015), suggesting that the
causes of the most recent declines of Atlantic salmon are due to
increased mortality at sea. Increasingly variable inter-year marine
survival for several Pacific salmon species is correlated with
changes in oceanographic conditions (Kilduff et al., 2015). Local
effects, such as fish passage and the nearshore ecosystem, and off-
shore factors including variations in the physical, chemical, and
biological components of the ecosystem are involved in the mor-
tality of Atlantic salmon but the location, timing, and the propor-
tional contribution of various factors to total mortality remain
elusive (Thorstad et al., 2012). If an important component of the
annual marine mortality of anadromous salmon takes place in
the initial phase of seaward migration and can be documented,
then further studies can be defined to understand the causal
mechanisms and advise on mitigation options. However, if the
early marine phase is not an important survival period/area, then
local mitigation may not be useful and factors further afield need
to be studied.

It is now possible to implant electronic (acoustic) transmitters
in small fish and track their movements over increasingly long
periods of time. Such studies can provide information on individ-
ual fish distribution, migration rates, marine residency patterns,
as well as population-level survival rates and to identify critical
marine habitats and periods (Lacroix, 2008; Drenner et al., 2012;
Thorstad et al., 2012; Goulette et al., 2014; Hussey et al., 2015). In
eastern North America, acoustic tracking studies have been un-
dertaken on a geographically diverse number of wild Atlantic
salmon populations ranging from the southern areas in Maine
(USA; Lat. 44.67°N; Kocik et al., 2009) to northeastern popula-
tions in Newfoundland (Lat. 47.9°N; Dempson et al, 2011) and
mid-latitude populations in the Gulf of St. Lawrence (Lat.
50.28°N; Lefevre et al, 2013; Daniels et al, 2018). With few
exceptions (Lacroix, 2008; Kocik et al., 2009; Stich et al., 2015),
the studies reported on movements and survival of Atlantic
salmon smolts in the home river estuary within 50 km from the
head of tide or to nearshore environments in the vicinity of the
river’s confluence with the sea, and rarely included more than 2
years of smolt tagging from the same river. At many sites, preda-
tion on smolts during the initial period and area of migration is
considered to be important, and local conditions that either en-
hance or reduce predation risk may determine initial survival
(Kocik et al., 2009; Halfyard et al., 2013; Daniels et al., 2018). Few
of the published studies provide sufficient annual replication to
characterize the annual variation in survival rates thus precluding
the testing of hypotheses of factors which may be responsible for
the early marine-phase mortality of salmon smolts.

We report on data collected from a I14-year and multi-
population acoustic telemetry study to quantify survival rates of

G. Chaput et al.

acoustically tagged wild Atlantic salmon at pre-defined geographic
locations during the freshwater (smolt stage), estuarine (smolt
stage), and open ocean (post-smolt stage) migratory phases. The
study considers populations of Atlantic salmon from four unim-
pacted (free fish passage) rivers from the southern Gulf of St.
Lawrence (Canada) over the period 2003-2016. Acoustically tagged
salmon smolts are tracked over a period extending approximately 2
months at sea and over 800 km offshore.

Material and methods

Description of study area

The Miramichi River (47.2°N 65.0°W) has a basin area of ap-
proximately 14 000 km? with two major tributaries that converge
in tidal waters; the Southwest Miramichi River and the Northwest
Miramichi River (Chiasson, 1995). Salmon from the Miramichi
River pass through Miramichi Bay on their migration to the Gulf
of St. Lawrence. Miramichi Bay, a shallow natural barrier-built es-
tuary, is seasonally stratified with average salinities in the outer
portion of less than 25 parts per thousand (ppt) and a maximum
depth that rarely exceeds 10 m (Chiasson, 1995; St-Hilaire et al.,
1995). The Restigouche River (48.0°N 66.3°W; basin area of
12 820 km?) and the Cascapedia River (48.2°N 65.9°W; basin
area of 3 147 km?) both flow into Chaleur Bay, an open bay that
enters directly into the Gulf of St. Lawrence. It is deep compared
to Miramichi Bay, with a central trough of maximum depth of
approximately 100 m and surface salinities generally less than 27
ppt during the open water period (Koutitonsky and Bugden,
1991). The Chaleur and Miramichi Bays are located in the south-
west portion of the Gulf of St. Lawrence (GSL), a stratified semi-
enclosed sea with an approximate surface area of 226 000 km®
(Koutitonsky and Bugden, 1991). Surface layers (<30 m) are of
low salinity (27-32 ppt) and sea surface temperatures generally
approximate or exceed 20°C in summer (DFO, 2017). The Gulf
of St. Lawrence has two connections to the North Atlantic Ocean;
Cabot Strait to the east at a width of 104km and a maximum
depth of 480 m and the Strait of Belle Isle to the north at a width
of 15km and depth less than 60 m (Koutitonsky and Bugden,
1991) (Figure 1). The head of tide locations of the four study
rivers are approximately 900km from the Strait of Belle Isle
(Figure 1).

Smolt collection and tagging

Atlantic salmon smolts were captured in rotary screw traps
(Chaput and Jones, 2004) set at the same locations over the study
period for the Southwest Miramichi (127 km above the head of
tide), Restigouche River (115 km above the head of tide), and the
Cascapedia River (8 km above the head of tide) (Figure 1). For
the Northwest Miramichi, smolts were captured in the Little
Southwest Miramichi River (30 km above the head of tide) during
2003-2008 and in the Northwest Miramichi River (24 km above
the head of tide) during 2013-2016. The distances from the head
of tide to the outer bays ranged from just under 70km for the
Miramichi River locations to between 47 and 106 km for the two
rivers in Chaleur Bay. The outlets of the two bays are approxi-
mately 800 km south of the Strait of Belle Isle (Figure 1).

The dates of tagging and release of Atlantic salmon smolts varied
by river and year (Supplementary Figure S1). Generally, smolts
were first captured and tagged in the Southwest Miramichi, then
the Northwest Miramichi, followed by the Restigouche and finally
the Cascapedia. Among years, the dates of release varied by as much
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as 3 weeks, the earliest dates of tagging were in 2010, 2012, and
2013 while the latest dates of tagging occurred in 2008 and 2014.

Smolts were selected for tagging on the basis of length with efforts
to select smolts generally greater than 13 cm fork length (FL). The re-
alized length range was 12.1-23.3 cm FL with median lengths among
rivers and years ranging from 13.5 to 15.0 cm FL (Figure 2). Size dis-
tributions of tagged smolts in 2014 in three of the four rivers were
among the smallest of the time series (Figure 2).

Acoustic transmitters, models V8SC and V9 (9 mm diameter,
2.9-3.3 g in air, hereafter referred to as V9) and the smaller V8
(8 mm diameter, 2.0g in air) pinging at 69kHz (Innovasea
Marine Systems Canada, Inc., Halifax, NS) with a unique identifi-
cation code, were surgically implanted into the peritoneal cavity
of selected smolts (Daniels et al, 2018). Smolts were generally
tagged and released at the site of capture. The exception was in
2014-2016, when smolts from the Northwest Miramichi River
were released upstream of their capture location, approximately
52km above the head of tide. Fish recovered post-surgery in a
holding pen in the river for a few hours prior to being released.
Each tag was programmed to ping at random delays of either 20—
60s or 25-55s and had an estimated minimum battery life of 74
days (Supplementary Table S1). The whole weight of tagged smolts
was not reliably measured. The tag burden, expressed as the ratio
of tag length to fork length of fish, ranged from 9.0 to 16.9%, with
a mean of 14.2%. Based on general length to weight relationships
of smolts from these rivers (Fisheries and Oceans Canada, unpub-
lished data), the tag burden ratio in terms of weight was estimated
to be very similar to the tag burden ratio based on length.

Receiver deployments and monitoring

Lines, in some cases staggered, of acoustic receivers (VR2, VR2W,
VR2AR, or VR4 models, Innovasea Marine Systems Canada, Inc.)
were deployed at the head of tide of each of the four rivers and at
the outer bay exits to the Gulf of St. Lawrence (Miramichi Bay
and Chaleur Bay) (Figure 1). Effective detection range of the
receivers is considered to encompass a radius of 0.5km. Since
2007, a receiver line has been installed annually at the Strait of
Belle Isle (Figure 1). A second receiver line was installed 3.5km
north of the primary Strait of Belle Isle line during 2015 and 2016
to provide empirical data for estimating the detection efficiency
of the primary Strait of Belle Isle line. A partial receiver line was
installed across the Cabot Strait beginning in 2010 and complete
coverage closing off the strait was established in 2012 (Figure 1).
Spacing distance among receivers at the Strait of Belle Isle line
was a maximum of 800m. All receiver lines were seasonally
deployed in spring and removed in the fall, with the exception of
Cabot Strait receiver line which operates year-round. The struc-
ture (number of receivers, placement) of each receiver line was
generally similar among years, however, the physical environment
and other anthropogenic factors affected the detection range of
the individual receivers and the overall array.

Description of data

There are 14 years of tracking data for the Southwest Miramichi
River (2003-2016), 10 years for the Northwest Miramichi River
(2003-2008; 2013-2016), 13 years for the Restigouche River
(2004-2016), and 11 years for the Cascapedia River (2006-2016)
(Figure 3; Supplementary Table S2). A total of 2 862 Atlantic
salmon smolts had complete tagging and release information over
the 48 years and river combinations. The number of smolts
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tagged and released annually by river ranged from 25 to 105 fish.
When presented, migration characteristics are based on the times
and dates of the first detections of individual smolts at any re-
ceiver in each array.

Modelling detection and survival probabilities

A Bayesian state-space implementation of the Cormack—Jolly—
Seber (CJS) model (Gimenez et al., 2007; Royle, 2008) is used to
disentangle the imperfect detection (p) of tagged smolts on the
receiver arrays from apparent survival (¢) during their out mi-
gration from freshwater to the Gulf of St. Lawrence and to the
Strait of Belle Isle. The state-space parameterization of the CJS
model constructs distinct models for the unobserved survival
(¢) process and the observed detection process (p). For simpli-
fication, we refer to apparent survival or simply survival as the
joint probability of a tagged fish surviving to pass a receiver
array and of the tag being detected at that array (see discussion
for implications on estimates of apparent survival of tagged
smolts).

The unobserved survival process model (Equation 1) assumes
that if a fish (i) carrying an acoustic tag is alive at the observation
point j-1 then its survival state at point j is a realization from a
Bernoulli process with parameter ¢;. The state process (survival)
is represented by a binary variable z(i, j), which takes the value 1
if individual 7 is alive at the detection point j and 0 otherwise.
This process is modelled as random draws from a Bernoulli dis-
tribution where z(3, j) is conditional on z(i, j-1), whether fish i is
alive (1) or dead (0) at the previous detection point:

z(i,j) | 2(i,j— 1), @; ~ Bernoulli(z(i,j — 1)0;) (1)

with j=1-4 corresponding to the three to four post-release detec-
tion points where a fish, which is alive may be observed after ini-
tial tagging and release (j=0). If a fish is not alive at j-1 then
z(1, j) = 0 with probability 1. The initial state at release, i.e. z(i, 0),
is set equal to 1.

The re-observations y(i, j) are modelled as independent
Bernoulli random variables, conditional on the z(i, j)’s and the
probability of detection (p):

y(l7]) | Z(i,j), pj ~ Bernou-ui(z(ivj)pj)a (2)

where y(3, j) = 0 with probability 1 if z(4, j) = 0, otherwise y(i, j) is
a Bernoulli random variable with parameter p; the probability of
detection at array j.

The parameters p and ¢ are proportions bounded on the range
[0, 1] but are logit-transformed to improve the model’s conver-
gence properties. A hierarchical structure assuming exchangeability
is considered for the detection and survival parameters, conditional
on individual effects of tag type and smolt size, reflecting the multi-
year (f) and multi-population (r) design of the study (Gelman
et al., 2004; Bonner and Schwarz, 2006). The exchangeability as-
sumption considers that the year and population specific parame-
ters at the arrays (py.; ;) are drawn from common prior
distributions with unknown hyperparameters for the correspond-
ing groups (river r and array j) (Gelman et al., 2004).

Individual effects

Individual effects on p and ¢ are examined for the acoustic tag
type used and the size of smolts at tagging (Royle, 2008). The V9
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Figure 3. Summary of number of tagged fish released and number of tags detected at the respective receiver lines for four rivers during

2003-2016, for tag types (V9, V8) combined.

version of the tag was used during 2003-2015. The V8 version
was used in 2014-2016 (Supplementary Table S2). The tag model
is considered to have potential effects on both the probability of
detection, due to differences in output, and on the probability of
survival, due to differences in relative tag burden.

Tag type (V9; V8) is modelled as an offset on the logit scale of
the average probability of detection at the arrays:

y(ilr, t),5) | 2(i[r. t],5), p(i[r,t],])
with ~ Bernoulli(z(i[r, t], j)p(i[r, t],7)) (3)

logit(p(i[r, t],j)) = W(rtj)+ Byxv9i—PB,xve  (4)

for j=1:3; r=1:4; t=2003:2016; i=individual fish 1:2 862;
p(i[r, t],7) the probability of detecting fish i within river r and
year tat array j; WP (r, t,) the mean logit probability of detection
within river r, year ¢, at array j; B,the offset in the probability of
detection for tag type; v9; =1 if tag type was V9 for fish i, 0 other-
wise; v8; = 1 if tag type was V8 for fish 7, 0 otherwise.

Preliminary analyses of the proportions of tags detected at the
arrays suggested a positive association with the fork length of the
fish at tagging (Figure 4). There is also a decreasing temporal
trend (linear regression of median length vs. year) in the size dis-
tributions of smolts tagged in the Southwest Miramichi and
Northwest Miramichi rivers over the period of study (Figure 2).
Survival probabilities relative to the length of fish at tagging by
river and tag type overall are modelled as linear effects on the

logit scale with tag type included as an interaction term with fork
length (i.e. differing slopes for tag type) as:

z(i[r. 1],5) |1f.(i[ft tl,j = 1), Oilr,1.j)
With ~ Bernoulli(z(i[r, t],j — 1)@(i[r, t], 7)) (5)

logit (@(ilr, 11.7)) = KO(r. 1)
+ (g + PBo*v9i — Po*v8;)*fl.  (6)

for j=1:2; r=1:4; t=2003:2016; i=1: 2 862; Q(i[r,t],j) the
probability of survival of fish i within river r and year  through
transition zone j; p®(r, t,j) the mean logit probability of survival
within river , year t through transition zone j; o the average slope
over tag type to fish length relationship, logit scale; Bythe offset in
the slope of fork length due to tag type; v9;=1 if tag type was V9
for fish 4, 0 otherwise; v8; =1 if tag type was V8 for fish 7, 0 other-
wise; fl.=fl; — fl the centred fork length (cm) of individual # fI
the mean fork length (cm) of smolts across all rivers and years.

The effects for smolt length and tag type on the probabilities of
survival are considered for the release to head of tide transition and
the head of tide to bay array transitions (=1, 2) but not for the
Gulf of St. Lawrence transition (j= 3). It is assumed that the tagging
and handling effects associated with the size of smolt tagged and tag
type are negligible for the surviving smolts migrating through the
Gulf of St. Lawrence given the time required for the tagged smolts
to reach the Gulf and the increased body size of the surviving smolts
which would result in reduced tag burdens on the survivors.
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Figure 4. Proportion by fork length bin (0.1 cm) of tagged smolts detected at the head of tide lines (left column), at the bay lines (middle
column), and at the primary Strait of Belle Isle line (right column) by river over all years 2003-2016. The colour of the symbol represents the
relative sample size by year for each length bin with yellow (light grey) lowest and magenta (dark grey) the largest. Fork length bin 13.0 cm
includes all fish of length <= 13.0 cm. Fork length bin 17.3 includes lengths of 17.1-17.5, and fork length bin 18.0 includes fish of lengths
>17.5 cm. The p-values for the null hypothesis (Ho: slope = 0) of the logistic regressions of detected tag (binary 0, 1) vs. fork length (centred
to the mean fork length of 14.6 cm over all years) are also shown in each panel.

Hierarchical structure for probability of detection (p)

For the head of tide arrays (p;), the number of receivers and their
placement was annually similar (exchangeable) for a location but
differed among locations. The annual probabilities of detection
[WP(r,t,7) in Equation (3)] are modelled conditional on a prior
hyperdistribution for each array (r=1:4) (Table 1). For the two
bay receiver arrays (p,), the number of receivers and their place-
ment was annually similar but differed between the deployments
at the outlet of Miramichi Bay and the outlet of Chaleur Bay to
the Gulf of St. Lawrence. The annual river-specific probabilities
of detection at the bay arrays are modelled as exchangeable
among years and rivers within each bay; Miramichi Bay array
(b=1) for the Southwest Miramichi (r=1) and Northwest
Miramichi (r=2) rivers and Chaleur Bay array (b=2) for the

Restigouche River (r=3) and Cascapedia River (r=4) (Table 1).
During 2003-2006, the primary Strait of Belle Isle array was not
operational and the bay arrays were the last detection point. For
those years, the prior distribution for the probability of detection
at each bay array is set at the respective bay-specific hyper-distri-
bution of the probability of detections inferred from the 2007 to
2016 monitoring years.

The number of receivers and their placement at the primary
Strait of Belle Isle line (j=3) was generally similar during 2007—
2016. The probability of detection at the primary Strait of Belle Isle
is assumed to be identical among rivers (r=4) and exchangeable
across years (t) (Table 2). An informative prior for the mean proba-
bility of detection of the primary array is derived from an analysis
of a sentinel tagging experiment conducted at the primary Strait of
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Table 1. Variables, likelihoods, and priors for the observation (p; probability of detection) and the process (¢; probability of survival)
dynamics of the hierarchical state space formulation of the Cormack-Jolly—Seber capture and recapture model.® ® ® ® ®

Parameter Likelihood

Priors

Probability of
detection (p)

Head of tide lines (j=1)

logit(py . ) ~ N(wpy,, ©p;,)
r=17: 4 t=2003: 2016

Bay lines (j =2)
logit(p, . () ~ N(-Pyp: T-Pyp)
r=1: 4 b=1: 2; t=2003: 2016

At primary Strait of Belle Isle line (j = 3)
Iogit(p3_ )~ N(ps, ‘E.p3)
t=2007: 2016

Tag type
B, ~ N(uB, ©B,)

At secondary Strait of Belle Isle line (j = 4)
84y ~ Beta(a.b)

To head of tide line (j=1)

IOgit(QL r,t) ~ N(”’Ql,ﬂ T‘QLV)
r=17:4; t=2003: 2016

Product (dy4)

Probability of
survival (@)

From head of tide to bay line (j =2)
IOgit(QZ‘r. t) ~ N(”'QZ,H T'QZ,r)
r=1:4; t=2003: 2016

From bay line to primary Strait of Belle Isle line (j = 3)

Iogit(@; ,\b,t) ~ N(M-Qa,m 1.9,)
r=1:4, b=1:2;t=2007: 2016

Fork length o, ~ N(w.o,, T.00)
r=1:4
Tagtype By ~ N(n.Bg, T.Bp)

Wpq, ~ N(0, T.&p; U)
TEp 1, =1/(0.8) 4,); C.&p 1, =10

TP, = 1/(G.p1,)2; G.p1, ~ Uniform(0, 10)
Hpyp ~ N(O, T&p 2)

Tep 25 = 1/(0-85, 54) 5 Oy 26 = 10
Tpap = 1/(0.p2p)50.p2p ~ Uniform(0, 10)

u.mzlog(%’%});pg ~ Beta(4.4, 5.6)
ps = 1/(c.ps)’6.p3 ~ Uniform(0, 10)

B, = 1/(G.Bp)2; 6., ~ Uniform(0, 10)
=b

u'®1,r ~ N(O, 1-'8(3; 1,r)
Teg 1, =1/(0.8p, 1,); OEg 1, =10

.01, = 1/(01,r)2; G1, ~ Uniform(0, 10)
H'QZJN N(O» T.€g; 2,7)

T8 2y = 1/(0.8p ,,); O£ 2y =10

1.9,, = 1/(62,)% 62, ~ Uniform(0, 10)
u‘Q)S,bN N(O7 ‘C.Sg; 3)

T.8g, 3 = 1/(G'Séj; 3):, C.gg, 3 =10

.05 = 1/(c3)5 03 ~ Uniform(0, 10)

p.o, =0
To = 1/(0.0()2; G.o. ~ Uniform(0, 10)
Hpgy =0

.y = 1/(c.Bg) 0.y ~ Uniform(0, 10)

The superscript r|b refers to the river (r) within a bay (b) with 1|1 the Southwest Miramichi within Miramichi Bay, 2|1 the Northwest Miramichi within
Miramichi Bay, 3|2 the Restigouche River within Chaleur Bay, and 4|2 the Cascapedia River within Chaleur Bay. In all cases, G refers to the standard deviation.
For all normal distributions, the variance is expressed as precision (inverse of variance).

Belle Isle array to provide independent information on detection
probabilities (Supplementary). The average detection probability to
a radius of 0.5km was estimated to be 44% and this is used to pa-
rameterize an informative but uncertain prior for the mean detec-
tion probability of the primary Strait of Belle Isle array (Table 1).

The secondary Strait of Belle Isle line (j=4) was installed in
2015 and 2016 to provide empirical data to estimate the detection
efficiency of the primary Strait of Belle Isle array. This is the last
point of detection and there is no auxiliary information on the
expected value of the probability of detection. The detections at
this array are modelled as conditional on the product of p, and
¢4 (0; on the logit scale) and on a fish being alive at the primary
Strait of Belle Isle array (z(i,3));

y(i, 4) | z(i, 3),04 ~ Bernoulli(z(i, 3),d,). (7)

It is assumed that &4 differs between years but is similar for the
river origins of the smolts and an annually uninformative prior
for the product is used (Table 1).

Hierarchical structure for probability of survival (¢)

The first transition stage (¢;) encompasses the point of release
(j=0) to the head of tide array (j=1) and the distance as well as
the physical and biological environment of this zone differs
among the four rivers. Thus, the p®(r, t,1) [Equation (6)] are
modelled exchangeably among years (t) for each river group
(r=1:4) (Table 1). The second transition stage (¢,) encompasses
the geographic region from the head of tide array (j=1) to the
bay arrays (j=2) in Miramichi Bay and Chaleur Bay. The dis-
tance from the head of tide arrays and the physical and biological
characteristics of the estuary zones also differ among the four riv-
ers and the survival probabilities are modelled exchangeably
among years (f) for each river group (r) (Table 1).

The third transition stage (Gulf of St. Lawrence) encompasses the
geographic region from the exit of Miramichi and Chaleur Bays
(j=2) to the Strait of Belle Isle array (j=3). There is a minimal dif-
ference in the straight-line migration distances between the bay
arrays and the Strait of Belle Isle array but there are important differ-
ences in the observed migration durations with tagged smolts from
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Table 2. Summary of migration characteristics (median and 5th to 95th percentile range for all smolts and years) and survival rates (range of
median values as % and based on median migration days expressed as % day ') of acoustically tagged Atlantic salmon smolts from four rivers

in the Gulf of St. Lawrence.

Transition River

Distance Migration (days) Migration (km day ')  Survival (%) Survival (% day ')

Release to head of tide array ~ Southwest Miramichi 127 52;,2.1-113 27; 12-65 62-92 93-98
Northwest Miramichi  30; 52 2.9;0.8-7.7 10; 4-37 90-91 93-98

Restigouche 115 4.4;2.3-10.6 26; 11-50 73-93 96-98

Cascapedia 8 12;0.2-4.2 6;2-36 93-97 82-97

Head of tide to bay array Southwest Miramichi 68 3.6;2.2-79 19; 9-31 42-82 83-97
Northwest Miramichi 67 4.6;2.6-10.2 15, 7-26 28-74 78-93

Restigouche 106 7.4; 42-13.7 14; 8-25 67-95 96-99

Cascapedia 47 80;3.7-185 6;3-13 68-90 93-99

Bay array to primary Strait Southwest Miramichi ~ ~800 48.4;31.7-53.7 17, 15-25 54—64 98-99
of Belle Isle array Northwest Miramichi 46.2;352-515 17;16-23 60-68 99-99
Restigouche 40.2; 29.8-49.3 20; 16-27 35-74 96-99

Cascapedia 36.1; 21.9-47.9 22;17-37 27-78 97-99

the Miramichi River locations taking longer to transit the Gulf of St.
Lawrence than smolts from the Chaleur Bay rivers (Table 2;
Supplementary Table S3). The probabilities of survival are modelled
exchangeably among years by bay specific group, Miramichi Bay riv-
ers and Chaleur Bay rivers (Table 1).

Odds ratios of survival probabilities associated with the size of
smolt at tagging are calculated as the predicted survival of a
16 cm smolt relative to the predicted survival of a 13.5 cm smolt.
Survival rates by transition zone for a smolt of fork length corre-
sponding to the mean length smolts in the study (14.6 cm), are
presented as well as the survival rates per median day at large in
each zone (d)l/ ). Uncertainties in the estimates of the probabili-
ties of detection and survival are described by the coefficient of
variation, corrected for the logit transformation.

Model fitting and assessing convergence

The hierarchical state-space CJS model was fit to smolt tagging
data from the four rivers for the years 2003-2016, representing
2 862 observations, using the freely available software package
OpenBUGS (Lunn et al, 2013). A total of 60 000 Markov chain
Monte Carlo (MCMC) simulations with two chains was used, the
first 50 000 were discarded and the remaining 10 000 samples
were thinned by 10 to produce 2 000 MCMC values to summarize
the posterior distributions. We assessed whether there was evi-
dence of non-convergence by examining trace plots of the
MCMC chains, by checking that the Gelman—Rubin r-hat statis-
tics were < 1.1, and by examining for unimodal distributions of
the model parameters (Brooks and Gelman, 1998). The diagnos-
tics examined did not suggest any non-convergence.

We examined a number but not all possible combinations of
parameters and model structures for detection and survival.
Adequacy of the model was assessed by predicting detections at
the three array locations based on the posterior distributions of p
and ¢ (Supplementary Table S4 and Figures 35-S10). By design,
we favoured a hierarchical structure for the probabilities of detec-
tion to make use of the data from the entire time series of the
study. The alternative of assuming a constant probability of de-
tection over years at each of the arrays was not realistic given the
empirical observations to the contrary, and all the model variants
that assumed a constant probability of detection over years
resulted in higher residual deviances and poor fits. Independent
and hierarchical structures were examined for the probability of

survival with and without individual effects associated with size
of smolts and tag type (Supplementary Table S4).

When discussed, statistical significance corresponds to a p-val-
ue < =0.05. For the individual effects parameters, the p-values
are calculated as the smallest proportion of the MCMC values
drawn from the marginal posterior distribution that overlap zero.

Results

During 2003-2016, a total of 2 862 Atlantic salmon smolts from
four rivers were tagged with acoustic transmitters. A total of
2 243 of these tags, 78% of releases, were subsequently detected at
receiver arrays located at or near the head of tide (Figure 3;
Supplementary Table S2). A total of 1 160 tags, 41% of released
fish, were subsequently detected at the bay receiver arrays. Finally,
487 tags, 17% of released fish for the corresponding years, were
detected at the primary Strait of Belle Isle array, almost 2 months
and more than 800 km away from their release locations. In 2015
and 2016, 119 tags were detected at the secondary Strait of Belle
Isle array, representing 23% of the tagged smolts released, similar
to 122 tags detected at the primary Strait of Belle Isle array for the
same years. During 2010-2016, only two tags placed in smolts
were detected at the Cabot Strait line (Ocean Tracking Network,
unpublished data) suggesting that the Strait of Belle Isle is the pri-
mary migration route for smolts from the rivers in this study
leaving the Gulf of St. Lawrence.

Migration summaries
Tagged smolts from the Cascapedia River had the shortest fresh-
water distance from release to the head of tide (8 km) and were
generally detected within 2 days post-release (Table 2;
Supplementary Table S3). In contrast, smolts from the Southwest
Miramichi had the longest migration distance to the head of tide
(127 km) and most fish were detected at the head of tide 2—11
days post release. Tagged smolts from the Southwest Miramichi
River and the Restigouche River had the fastest migration rates in
freshwater at a median over years of 27km day ' and 26km
day™', respectively (Table 2). The median migration rate of
tagged smolts in the Northwest Miramichi was 10km day ' and
the slowest migration rate was estimated for the Cascapedia
smolts at 6 km da)f1 (Table 2).

Migration rates of tagged smolts through the bays were highest
for the Southwest Miramichi (19 km day '), relatively similar for
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Figure 5. Posterior distributions of the fork length individual effects
(logit scale) on the probability of survival through the freshwater
and bay zones for each river. Violin plots summarize the kernel
densities of the distributions and show the median (open symbol),
interquartile range (thick line), and the range of 95% of the
observations (thin line).

the Northwest Miramichi and Restigouche River groups (15km
day™' and 14km day ', respectively), and slowest for the
Cascapedia River smolts (6 km dayil; Table 2). In contrast to the
differences in migration rates through Chaleur Bay, the days from
release to detection at the Chaleur Bay arrays were more similar
for the Restigouche (7 days) and Cascapedia (8 days) smolts, in-
dicating that the Cascapedia smolts which had a very short fresh-
water phase post-release lingered longer in brackish and saltwater
compared to the Restigouche smolts before exiting the bay (Table
2). These differences in migration duration between rivers within
the same bay may reflect an acclimation period associated with
tagging and handling.

The migration duration through the Gulf of St. Lawrence varied
from just over 20 days to just under 65 days (Table 2; Supplementary
Table S3). Migration duration was generally the longest for the
Southwest Miramichi smolts at 48 days (median), and the shortest
but most variable for the Cascapedia smolts at 36 days (Table 2).
Detections of acoustic tags at the Strait of Belle Isle from the four riv-
ers were synchronized among the four rivers with detections across all
years (2007-2016) and rivers occurring during a relatively narrow 4-
week period of late June to late July (Supplementary Figure S2).
Migration rates through the Gulf of St. Lawrence were in the range of
17-22km day_1 (median over all rivers and years) with the fastest
median migration rate for the Cascapedia and Restigouche smolts (22
and 20km day ', respectively) and the slower rates for the Northwest
Miramichi and Southwest Miramichi smolts (17 km day; Table 2).

Individual—tag type and fork length

There was no statistically significant (p=0.36) difference in the
probabilities of detection associated with the tag type used. Tag
type was also not a statistically significant covariate (p=0.12) for

survival when included as an interaction term with fork length
(Supplementary Figure S8c). Statistically significant (p < 0.05)
positive associations of fork length on probability of survival were
estimated for three of the four rivers; the exception being the
Cascapedia River (p=0.16) (Figure 5). Based on the median of
the marginal posterior distribution of the fork length coefficient,
the odds ratio of survival for a smolt of 16 cm fork relative to a
smolt of 13.5 fork length was in the range of 1.51-1.74.

Estimated probabilities of detection

The estimated probabilities of detection at the head of tide re-
ceiver lines were generally high (often >90%) with few exceptions
such as for the Northwest Miramichi in 2006 (<40%) and for the
Restigouche in 2011 (~50%) (Figure 6). The uncertainties (coef-
ficient of variation on the inverse logit scale) in the annual proba-
bilities of detection at the head of tide array were most consistent
for the Southwest Miramichi, Cascapedia, and Restigouche Rivers
(0.1-11.1%) and most variable for the Northwest Miramichi
River (0.1-32.4%).

The estimated probabilities of detection were higher at the
Miramichi Bay line compared to the Chaleur Bay line, with me-
dian posterior values across years of 83 vs. 56%, respectively
(Figure 6). The uncertainties in the annual probabilities of detec-
tion were higher at the bay arrays compared to the head of tide
arrays, with annual CVs by river ranging from 7.3 to 31.9%.

The probabilities of detection of the primary Strait of Belle Isle
line varied annually from a low of 42% in 2006 (median value;
very similar to the prior) to a high of just over 67% in 2010 and
in 2015 (Figure 6). The median of the estimates for 2015
and 2016 derived from the detections at the twinned line were
67 and 64%, respectively. The uncertainties in the annual esti-
mates of the probability of detection ranged from 8.6 to 30.4%
with CV values in 2015 and 2016 of 8.7 and 8.6%, respectively.

Estimated probabilities of survival

The posterior distributions of the estimated probabilities of sur-
vival in freshwater, in the estuary, and in the Gulf of St.
Lawrence, standardized to the mean fork length (14.6cm) of
smolts from all rivers and years, are shown in Figure 7. The prob-
abilities of survival in freshwater were highest (median 96%) and
relatively similar (median range 93-97%) over years for the
Cascapedia River, slightly lower (90%) for the Northwest
Miramichi River and lowest for the Restigouche (median values
73-93%) and Southwest Miramichi (range of medians 62-92%)
rivers which had the longest distance and migration duration to
head of tide (Figure 7; Table 2). Survival estimates from release to
the head of tide were generally high and greater than 90% day ™'
for all rivers and years (Table 2). The uncertainties in the annual
estimates of survival were lowest for the Cascapedia and the
Northwest Miramichi Rivers (annual CV range of 2.3-4.4%), in
contrast to the Southwest Miramichi and Restigouche rivers with
annual CV ranges of 2.7-10.6%, respectively.

The estimated probabilities of survival of tagged smolts transiting
Chaleur Bay were higher (annual medians ranging from 67 to 95%,
93 t0 99% day ') than for smolts transiting Miramichi Bay (annual
medians ranging from 28 to 82%, 78 to 97% day ') (Figure 7; Table
2). The lowest estimated survivals of any rivers and years were for
smolts from the Northwest Miramichi River during 2013-2016
(medians ranging from 28 to 45%; Figure 7). Survival rates of smolts
migrating through Miramichi Bay were higher during 2006-2008
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Figure 6. Violin plots of posterior distributions of the probability of detection by river at the head of tide lines (upper row), at the bay lines
(middle row), and by year (all rivers) at the primary Strait of Belle Isle line (lower row), 2003-2016. The open symbol is the median of the
posterior distribution. For the bay lines, the violin plots in blue are for the years (2007-2016) when the primary Strait of Belle Isle line was
operational. For the Strait of Belle Isle line, the violin plots in blue correspond to the years when the secondary twinned line was operational
(2015 and 2016). The results are for Model variant 11 g in Supplementary. In all panels, the grey shadings are the posterior distributions of the
predicted probabilities of detection over all years for the corresponding spatial hierarchical structure (Table 1).

(91-94% day ' for Southwest Miramichi; 90-91% day ' for
Northwest Miramichi) than during the last 4 years of the study
(2013-2016; 83-90% day ' for Southwest Miramichi; 78-91%
day_1 for Northwest Miramichi). This contrasts with survival rates
through Chaleur Bay that remained high with no evidence of
declines over the same periods (Figure 7). Uncertainties (CV) in the
annual estimated probabilities of survival were greatest for the
Northwest Miramichi River, ranging from 17 to 43%.

With few exceptions (Restigouche River in 2007-2009,
Cascapedia River in 2008), the median estimated survival rates of
tagged smolts through the Gulf of St. Lawrence were between 45
and 78% (Figure 7), 96-99% da}f1 (Table 2). Estimates of survival
rates through the Gulf of St. Lawrence were the most uncertain of
all the transition zones, with annual CVs ranging from 13 to 45%.

Discussion
The objectives of this study were to characterize the early phase
migration and to gain insights into the location and timing of
smolt and post-smolt mortality of wild Atlantic salmon smolts
and post-smolts from unimpacted (free fish passage) rivers in
eastern Canada. Atlantic salmon smolts and post-smolts were
successfully detected using acoustic telemetry during the initial
50+ days post migration from freshwater, through estuaries and
nearshore bays and to distances exceeding 900 km at sea from the
point of release in freshwater.

In this study, we refer for convenience to the estimation of sur-
vival of smolts and post-smolts when what is in fact being esti-
mated is the probability of detecting a tag that has been deployed
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Figure 7. Violin plots of posterior distributions of probability of survival for a smolt of centred length 14.6 cm to the head of tide lines
(upper row), from the head of tide to the bay lines (middle row), and from the bay lines to the primary Strait of Belle Isle line (lower row), for
the four rivers, 2003-2016. For the survivals through the bays, the violin plots in blue are the probabilities of survival estimated for the years
when the primary Strait of Belle Isle line was operational (2007-2016). For the survivals through the Gulf of St. Lawrence, the violin plots in
blue are the years when the secondary twinned line was operational (2015 and 2016). In all panels, the grey shadings are the posterior
distributions of the predicted probabilities of survival over all years for the corresponding spatial hierarchical structure (Table 1).

in a fish, conditional on the tag being retained in the fish, the fish
with the tag moving within range of the receivers and a tag trans-
mission being detected by a receiver. Within the model in this
study, the observations represent the last component of this dy-
namic (probability of a tag transmission being detected by a re-
ceiver) whereas what we referred to as survival represents the
other components; that an implanted tag is retained in a fish and
the tag within the fish migrates downstream within the range of
receivers, more correctly termed apparent survival.

Location and timing of mortality

The main interest of this study was to estimate population level
smolt and post-smolt survivals. Survival rates through the

freshwater stage were generally high (>90%) for the fish released
less than 30 km from the head of tide but lower (60-90%), annu-
ally variable and negatively associated with the migration distance
or the time from release to detection for the two rivers (Southwest
Miramichi and Restigouche) with a longer freshwater migration
distance. Variable but generally high survival rates (ranging from
70 to 100%) of acoustically tagged smolts over variable migration
distances in freshwater zones (2-53km) have been reported in
other studies (Lacroix, 2008; Halfyard et al, 2012; Lefevre et al.,
2013; Gibson et al., 2015; Crossin et al., 2016; Hawkes et al., 2017).
The exception to this was reported for smolts in the Penobscot
River for which survival rates through freshwater zones were much
lower (mean cumulative survival of 47%) and attributed to the
effects of passage at hydro facilities (Stich et al,, 2015).
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Survival rates through estuaries and coastal bays were lower
than in freshwater areas, highly variable among years and con-
trasted among bays. Comparisons across studies of survival esti-
mates through estuaries, bays, or nearshore coastal environments
are more difficult in large part because of physical differences in
the dynamic and geographically diverse habitats transited by
salmon in the species range in eastern North America. In this
study, the two areas monitored differ in coastal structure, water
chemistry and passage routes, with the Miramichi being a semi-
enclosed bay with constrained passage into the Gulf of St.
Lawrence in contrast to the wide and open Chaleur Bay.
Dempson et al. (2011) monitored tagged smolt movements in a
geographically complex fjord, island and channel habitat, similar
to the complex nearshore area traversed by tagged smolts in the
study by Stich et al. (2015) and Hawkes et al. (2017). The study
area in Halfyard et al. (2013) consisted of geographically complex
areas with diverse estuaries and bays and extended estuary areas
whereas in the study area of Lefevre et al. (2013) the river opened
almost directly into the Gulf of St. Lawrence with no estuary or
inner bay component. Survival rates through these diverse areas
are highly variable, with values of 54-87% for the Conne River
study (Dempson et al., 2011), 39-74% for smolts for the Atlantic
coast of Nova Scotia (Halfyard et al., 2012), and much lower sur-
vivals, <50%, for two southern stocks (Kocik et al., 2009; Hawkes
et al., 2017). Survival rates per day in these near coastal areas are
highly variable but compared to the freshwater phase of the mi-
gration, the survival rates are lower in the estuary/bay areas (see
studies above).

Once the smolts leave the coastal bays, inferred apparent sur-
vival rates as post-smolts through the Gulf of St. Lawrence were
in the range of 28-78% with survivals rates exceeding 96-99%
day ™! for all rivers and years. Survival rates of tagged smolts,
expressed as rates per day, are lowest in the estuary portions and
highest during the migration through the Gulf of St. Lawrence,
which is consistent with mortality being highest on small fish at
first entry to the sea and declining as fish grow and move offshore
(Thorstad et al., 2012).

The spatial and temporal differences in apparent survival rates
from our study in two neighbouring coastal areas, and between
two rivers within one basin over two time periods, may in part be
related to both physico-chemical and biotic differences. Although
we present the temporal trend in survival rates of Northwest
Miramichi smolts as a contiguous series, the fish tagged during
2003-2008 were taken from a different branch of the Northwest
Miramichi than those tagged in 2013-2016 with the smolts from
the latter period captured downstream and released again above a
tributary (Tomogonops River) impacted by acid and metal runoff
from a decommissioned base metal mine (St-Hilaire and Caissie,
2001). There are concerns for Atlantic salmon smolt vulnerability
to episodic acidification and elevated concentrations of bioavail-
able aluminum during spring snow melt and increased runoff
(Kroglund et al., 2008; Kelly et al., 2015). Thorstad et al. (2013)
reported on delayed mortality in the early period of marine mi-
gration of smolts exposed to aluminum and moderate acidifica-
tion in freshwater. This cannot be excluded as a factor
contributing to the lower apparent survival rates in the
Northwest Miramichi smolts in the latter part of the time series
as well as a factor contributing to differences between the
Miramichi Bay and the Chaleur Bay rivers.

There is also an important biotic difference in the estuarine
environments of Miramichi Bay and Chaleur Bay. The upper
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portion of the Northwest Miramichi estuary is the only confirmed
spawning location of striped bass (Morone saxatilis) in the south-
ern Gulf of St. Lawrence and the spawning period overlaps in
timing with the downstream smolt migration. Atlantic salmon
smolts have been identified in stomachs of striped bass sampled
from the Miramichi (DFO, 2016). Furthermore, Daniels et al.
(2018) report on inferred predation rates of striped bass on
salmon smolts from the Miramichi based on contrasting move-
ment patterns of acoustically tagged animals. The inferred preda-
tion rates ranged from 2 to 18%, between stocks and years, with
annual variations in the spatial and temporal overlap of the two
species likely contributing to the differences in the inferred preda-
tion rates.

Finally, we cannot exclude the possibility that the differences in
estimated survival rates between bays and over years in this study
are also in part due to differences in the size distributions of acous-
tically tagged smolts among years and rivers. A weight of evidence
analysis of factors contributing to variations in apparent survival
rates is beyond the scope of this paper however the data from this
14-year study would be appropriate for testing these hypotheses.

Limitations of study and results

Modelled estimates of apparent survival of acoustically tagged
and tracked smolts can be biased. Survival estimates can be biased
downward if the tag is not retained by the fish and the fish sur-
vives and migrates past the receiver arrays. There is evidence
from literature that implanted tags can be expelled from the body
cavity without resulting in death of the fish, and the probability
of expulsion was related to the ratio of tag size to fish size
(Lacroix et al., 2004; Welch et al., 2007; Sandstrom et al., 2013).
Expulsion of larger tags (24 mm length by 8 mm diameter) was
noted but Lacroix et al. (2004) indicated that the 24 mm tags
were the only tags, which were retained by some fish during the
316-day duration of the experiment. In the study by Welch et al.
(2007), tag expulsion of 24 mm by 8 mm tags generally occurred
after 4 weeks post-surgery. Based on these studies, tag shedding
in this study was not considered to be a factor that would bias the
estimation of apparent survivals since the smolts had migrated
through the bays within 2 weeks or less in most cases.

However, it is assumed that a tag detection at a receiver line is
from a tag in a salmon smolt rather than in the stomach of a preda-
tor swimming by the receiver. If the predation event occurred up-
stream of the bay array, then some of the detections at the bay
arrays could be of tags in predator stomachs rather than smolts and
in such cases, the inferred survival rate of tagged smolts to the bay
arrays would be overestimated; consequently the survival rate
through the Gulf of St. Lawrence would be underestimated.

One important factor that can affect the exchangeability assump-
tion of survival in the hierarchical model used in this study is the
size of the smolts tagged. Sizes of smolts used in the experiments
varied annually and differed among rivers. Other studies have
reported on correlations between tagging effects (survival) and
smolt size (Lacroix et al., 2004; Welch et al., 2007; Halfyard et al.,
2013). Lacroix et al. (2004) recommended a transmitter length of
16% or less of fish length for telemetry studies. The V9 tags used in
this study measured 21 mm in length, and based on criteria of
Lacroix et al. (2004) could be placed in smolts 13.1cm or longer.
There were very few smolts in this study that did not meet this min-
imum size, representing <2% of smolts over all rivers and years
and less than 6% of smolts from the Northwest Miramichi.
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Relevance of inferences from tagged smolts to untagged
smolts

An important concern regarding the use of marked animals to
make inferences on behaviour and survival of unmarked/
unhandled animals is the consequence of tagging and handling
effects on the estimates of survival or migration dynamics. It is
extremely difficult to make the case that a tagged smolt would be-
have and have the same mean probability of survival as an
untagged smolt. In terms of absolute levels, it is unlikely that the
estimates derived from marked animals correspond to those of
unmarked animals (Riley et al., 2018). There can be important
growth and survival effects of handling and tagging even when
animals are held in captivity post tagging (Moore et al., 1990;
Lacroix et al., 2004; Welch et al., 2007; Ammann et al., 2013) and
monitoring tagged fish in captivity does not provide much insight
into the conditions encountered by fish released to the wild. The
capture, handling, tagging procedures in addition to introducing
stress and injury to individual animals (Ammann et al, 2013)
also interrupt the migration phenology of wild smolts during a
particularly sensitive period (Riley et al., 2007). Removal from
schooling with conspecifics, release back to the river during the
day or even near dusk when wild conspecifics are sheltering and
not in active migration phase, can result in increased vulnerability
to predation (Furey et al, 2016). There is evidence from this
study that acoustically tagged Atlantic salmon smolts less than
14cm fork length suffered a higher mortality than smolts of
greater size and this could be an effect of stress from tagging and
handling and correlated with the tag/body size ratio. In two rivers
(Southwest Miramichi, Restigouche), estimated apparent survival
rates to the head of tide receivers after correcting for size, are neg-
atively associated with the migration duration, which can be
interpreted as a delayed mortality from handling and tagging and
an increased vulnerability to predation. For the Cascapedia smolts
for which there is a very short freshwater migration distance and
time from release to the head of tide, the smolts had a prolonged
migration duration through Chaleur Bay compared to
Restigouche River smolts suggesting that there may have been a
period of acclimation in the bay specifically for the Cascapedia
smolts.

Estimating apparent survival rates at the further migration
points and times is also challenging. As fish die over time, there
are fewer tagged fish available with which to estimate detection
and survival probabilities. This has consequences on the uncer-
tainty of the estimates, as evidenced from the higher coefficient of
variations of the estimates of the detection and apparent survival
probabilities at the bay and the Strait of Belle Isle arrays.
Increased sample sizes of tagged fish from a single stock could be
considered, as was the case for the Restigouche River, by tagging
multiple stocks that share a common bay exit, or multiple stocks
that share a common exit to the Labrador Sea. The probability of
detection at receiver lines can only be inferred if there are tags,
which are detected at a “downstream” array (along the migration
route, or temporally). At the last detection array only the product
of the survival and detection can be inferred (Gimenez et al.,
2007; Royle, 2008). The use of auxiliary data such as sentinel tags
to independently inform on detection rates is required if survival
rates to the last array are to be estimated. Auxiliary data from sen-
tinel tags are best incorporated in the model as prior information.
When the last array is twinned, as was done for the Strait of Belle
Isle line in 2015 and 2016, the detection probabilities of the next
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to last array can be estimated from observations, i.e. the prior for
the primary Strait of Belle Isle line is updated with observations.
In this study, the prior probability of detection based on sentinel
tags was strongly updated by the empirical observations of the
secondary twinned line at the exit to the Labrador Sea.

Insights into the factors that modify the variation in survival
rates within particular areas of the smolt and post-smolt migra-
tion require experiments to be conducted over multiple years and
populations (Thorstad et al., 2012). The multi-year and multi-
river aspects of this study provided particular advantages to de-
scribing and modelling smolt migrations and estimating survival
rates that otherwise would not be possible from single year and
single river experiments. The observations in this study can be ef-
fectively modelled using a hierarchical structure and such a model
provides a means of using all the information even in years when
the full monitoring infrastructure is not in place.

In long-term studies, it is imperative that the methods and ex-
perimental design be standardized to ensure that the empirical
observations reflect to the extent possible, the variations in the
phenomenon of interest, rather than a consequence of differences
in methodologies, experimental design, or technologies. In the
study reported here on estimating survival rates of Atlantic
salmon smolts from four rivers over 14 years, factors that could
be standardized include the tag type, the size distribution of
smolts being tagged, the tag implantation procedures and the
placement of the receiver arrays. By standardizing these elements
of the study, the individual river experiments are more likely to
be exchangeable and by using hierarchical models, the inferences
on the parameters of interest less uncertain.
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candidate references from Model 4 (left panel) and Model 5 (right panel) for Striped Bass from
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the southern Gulf of St. Lawrence, 1994 to 2019. For Model 4 and Model 5, the USR
corresponds to the median estimate of eggs at 80%Bwmsy and the LRP corresponds to the
median estimate of eggs that result in 50% of Beverton-Holt K (half saturation). The dashed red
lines and green lines are the 5" to 95 percentile ranges of the LRP and USR respectively. Note
the 95™ percentile line of the USR and the 95th percentile point of eggs in 2017 are off scale in
oT0 1 0 Y= 1 1= 109

Figure 7.1. The monthly catches of Striped Bass at the DFO index trapnets of Cassilis on the
Northwest Miramichi River (left column) and for Millerton on the Southwest Miramichi River
(right column) during the months of May (top row), June (second row), September (third row)
and October (bottom row), 1998 to 2019 for Cassilis and 1994 to 2019 for Millerton. In the lower
right panel (Millerton, October), the asterisk indicates that the trapnet was not operational due to
flood conditions which ended the monitoring program on Sept. 30 for the Southwest Miramichi
trapnet; the Northwest Miramichi trapnet was not operating for five days during the first week of
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ABSTRACT

The Striped Bass (Morone saxatilis) population of the southern Gulf of St. Lawrence, the most
northern spawning population of the species distribution in eastern North America, is widely
distributed in estuaries and coastal waters of the southern Gulf of St. Lawrence from the north
shore of the Gaspe Peninsula in Quebec to the northern tip of Cape Breton Island, Nova Scotia.
For purposes of assessment and development of fisheries reference points, the southern Gulf
Striped Bass population distribution comprises the Gulf of St. Lawrence region. Following on the
sustained rebuilding of the spawner abundances from the lows of the late 1990s to the current
high abundances that exceed 300 thousand spawners, DFO Gulf Ecosystems and Fisheries
Management requested the development of fisheries based reference points that conform to the
Precautionary Approach (PA) to guide further management decisions on the development of the
Striped Bass fisheries. The extensive information on the abundance and biological
characteristics of the Striped Bass population of the southern Gulf of St. Lawrence is presented.
An age structured population model is used to estimate stock and recruitment parameters and
associated mortality rates at age based on assessed abundances of spawners for the years
1996 to 2019. Equilibrium modelling is used to define candidate Limit Reference Point (LRP),
Upper Stock Reference (USR), and removal rate references that would conform to the
Precautionary Approach. Despite model uncertainties, a LRP value of just over 330 thousand
spawners is consistent with one of the population model results as well as with the history of the
management decisions for re-opening of fisheries access since 2013. The USR value of

720 thousand spawners would represent a healthy condition for this population, based on the
assessed spawner abundances to 2019 and on the potential productive capacity of this
population. A number of knowledge gaps and uncertainties remain. The most important
assessment and management gap is the incomplete to non-existent catch statistics for any of
the Striped Bass fisheries in the southern Gulf of St. Lawrence, including Indigenous Food
Social and Ceremonial fisheries and the larger recreational fisheries. In the absence of these
catch and harvest data, it is not possible to provide fisheries management advice in terms of
total allowable catches nor can the status of the population relative to removal rates be
assessed. Striped Bass is a predator of other valued anadromous fisheries species in the
southern Gulf of St. Lawrence. The reference points presented are derived based on optimizing
value functions specific to Striped Bass. No multi-species reference points or management
options are discussed.
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1. INTRODUCTION

Striped Bass (Morone saxatilis Walbaum, 1792; Order Perciformes; Family Percichthyidae) is
widely distributed throughout the estuaries and coastal waters of the southern Gulf of St.
Lawrence (southern Gulf), from the north shore of the Gaspe Peninsula in Quebec to the
northern tip of Cape Breton Island, Nova Scotia. The spawning population in the southern Gulf
of St. Lawrence is at the northern extent of the species distribution (Figure 1.1).

Genetic analyses and conventional tagging studies have indicated that this population is
geographically isolated within the southern Gulf of St. Lawrence and distinct from any other
Striped Bass population, including the only other remaining Canadian population which spawns
in the Shubenacadie River, Nova Scotia (Bradford et al. 2001a; COSEWIC 2004; Wirgin et

al. 1993, 2020).

Previous to 2017, the extent of occurrence of the southern Gulf of St. Lawrence Striped Bass
population was assumed to have been restricted to the southern portion of the Gulf of St.
Lawrence (COSEWIC 2012). In 2017, an extraordinary expansion of Striped Bass into
previously undocumented areas along the north shore of the St. Lawrence and into southern
Labrador was noted (DFO 2018; Valiquette et al. 2018; Figure 1.2). The potential distribution of
the southern Gulf Striped Bass population is now considered to occasionally extend into those
northern areas and the estuary of the St. Lawrence River. Striped Bass sampled from the Bras
d’Or Lake and Mira River areas of eastern Cape Breton have been shown to be genetically
similar to Striped Bass from the southern Gulf of St. Lawrence (Bentzen, P., Mcbride, M., and
Paterson, |.G. 2014. Report: Genetic analysis of Striped Bass collected in Bras d’Or Lake.
Report to the Eskasoni Fish and Wildlife Commission; referenced in LeBlanc et al. 2020),
however it is unknown if this is due to the contemporary migration of southern Gulf of St.
Lawrence Striped Bass or due to other speculated factors that would have isolated the two
groups of fish (Andrews et al. 2019a).

Striped Bass juveniles (age-0) originating from the Miramichi River were used in a re-
introduction program in the St. Lawrence River beginning in the late 1990s. Successful
spawning and recruitment from this program has been confirmed (DFO 2017). Tracking studies
of acoustically tagged Striped Bass from the St. Lawrence group and from the southern Gulf of
St. Lawrence group as well as differences in elemental composition of the otoliths of bass
spawned in Miramichi and in the St. Lawrence River have indicated a general geographic
isolation of the two groups. The St. Lawrence progeny are generally restricted to the St.
Lawrence River itself (at least to date) whereas the Miramichi origin fish have a broader
distribution, that extends into the estuary of the St. Lawrence and to the lower north shore of the
St. Lawrence (Valiquette et al. 2017; Valiquette et al. 2018).

For purposes of assessment and development of fisheries reference points, the southern Gulf
Striped Bass population distribution comprises the Gulf of St. Lawrence region, from the
western tip of Cape Breton Island to the north shore of the Gaspe Peninsula in the St. Lawrence
River and it is managed as a single biological unit.

Descriptions of Striped Bass biology and life history abound (COSEWIC 2004) and the following
summary for the population of the southern Gulf is primarily taken from Douglas et al. (2003)
and Douglas and Chaput (2011b).

e Striped Bass is a relatively long-lived iteroparous spawner.

e The Northwest Miramichi River estuary is the only confirmed spawning location that is
annually predictable in time and space (Bradford and Chaput 1996; Robichaud-LeBlanc et
al. 1996) and that has produced annual recruitment in the southern Gulf of St. Lawrence.




The Northwest Miramichi estuary possesses features that are seemingly unique and
important for successful Striped Bass spawning in the southern Gulf of St. Lawrence but
these are not well understood. The favourable conditions may be related to the Northwest
Miramichi estuary’s specific hydrology and conditions that permit the retention and
successful egg and larval development.

Spawning occurs in late May to early June in the upper estuary, at the upper extent of the
salt wedge within tidal waters, of the Northwest Miramichi River, (Robichaud-LeBlanc et
al. 1996; Douglas et al. 2009). Spawning activities are motivated by warming temperatures
(Douglas et al 2009; Figure 1.3).

Striped Bass is a pelagic spawner, the eggs and milt are broadcast simultaneously into the
water column.

The eggs float freely, are generally neutrally buoyant in slight saline water, and hatch in a
few days depending on water temperature.

The yolk of young larvae is exhausted within 5 to 10 days post-hatch, also conditional on
temperature.

The larvae feed on planktonic organisms (Robichaud-LeBlanc et al. 1997) and move to the
near shore shallow areas of the rivers shortly after the onset of exogenous feeding.

Young of the year Striped Bass gradually migrate downstream to Miramichi Bay in the

summer and diffuse in a northwest and easterly direction from the Miramichi (Robinson et al.
2004). The confirmed coastal distribution of young of the year by the first autumn can extend
from Miscou Island (NB) in the north to Pictou (NS) in the east (Douglas and Chaput 2011b).

Growth of young of the year is quite fast, with individuals reaching of 8 to 15 cm fork length
and whole weights of 10 to 50 g, by the end of the first summer (Bradford et al. 1997;
Robichaud-LeBlanc et al. 1998).

Post-spawned adults return to marine waters and undertake coastal feeding migrations
through the summer and autumn, extending in some exceptional years such as in 2017 to
the north shore of the St. Lawrence and to southern Labrador (DFO 2018).

Striped Bass are generalist feeders with shifts in prey composition occurring with age and
size. Larger bass are known piscivores, and consume a wide range of invertebrate and
vertebrate prey. Striped Bass sampled from the spawning areas in the Northwest Miramichi
consume anadromous species (Rainbow Smelt, gaspereau, Atlantic Salmon smolts) based
on availability determined by timing of migrations into and out of the Miramichi (DFO 2016;
Hanson 2020).

At the onset of winter, beginning in late September to October, Striped Bass of all age and
size groups re-ascend into estuaries and river mouths throughout the southern Gulf to
overwinter.

The southern Gulf of St. Lawrence population is the only population where avoidance of
lethal marine conditions (sub-zero water temperatures) during winter is an obligate element
of its life history and this can only be attained by overwintering in upper estuaries and river
mouths (Cook et al. 2006). A literature review of locations and characteristics of
overwintering habitat for Striped Bass is provided in Andrews et al. (2019b).

In 2004, the Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
recognized the Striped Bass of the southern Gulf as a designatable unit (DU) and evaluated
its status as ‘Threatened’ (COSEWIC 2004).




o Efforts to rebuild from the low spawner abundances of the mid 1990s included the
introduction of restrictive fisheries management measures, most notably the closure of
directed commercial fishing in 1996, and the closure of recreational and Aboriginal food,
social, and ceremonial (FSC) fisheries in 2000.

e The modest increase in spawner abundance since then suggested that the management
interventions had been positive for the population. In its re-evaluation in 2012, COSEWIC
concluded that although it had increased strongly in abundance, it was known from only a
single spawning location and the population continued to be susceptible to high rates of
poaching as well as bycatch in legal fisheries, and consequently was given the status of
Special Concern (COSEWIC 2012).

1.1. OBJECTIVES OF THE SCIENCE PEER REVIEW

The Striped Bass population of the southern Gulf of St. Lawrence had declined to less than
5,000 spawners in the late 1990s. Following on the prohibition of retention of bycaught Striped
Bass in several commercial fisheries targeting other diadromous species in 1996, the closure of
the recreational fisheries and the suspension of Indigenous Food, Social, and Ceremonial (FSC)
fisheries allocations for Striped Bass in 2000, the estimated abundance of Striped Bass
subsequently increased to over 200 thousand spawners in 2011 with peak abundance
estimated at over 900,000 spawners in 2017 (DFO 2020). A small number of FSC fisheries
were reinstated in 2012. The recreational fishery reopened in 2013 with increasing annual
access for retention and a pilot Indigenous commercial fishery was licenced in 2018 and 2019.

With continued requests for additional fisheries access to southern Gulf Striped Bass, Fisheries
and Oceans Canada (DFO) Gulf Ecosystems and Fisheries Management Branch requested the
development of fisheries based reference points that conform to the Precautionary Approach
(PA) to guide further management decisions on the development of the Striped Bass fisheries.

Striped Bass is large bodied and a piscivorous predator through most of its life. Concerns have
been expressed by Atlantic Salmon fishery advocates and some gaspereau and Rainbow Smelt
commercial fishery interests that the rebuilding of Striped Bass stock in the southern Gulf has
contributed to declines in abundances of Atlantic Salmon and other diadromous species
because of high levels of predation on these species by Striped Bass. Considering the
interactions of Striped Bass with other valued fisheries species, DFO Fisheries management
also requested a review of approaches and potential reference points for Striped Bass that take
account of these ecosystem considerations.

The specific objectives of the science peer review are to:

¢ Review the available information on the abundance and biological characteristics (size at
age, mortality rate estimates, size structure) of the Striped Bass population of the southern
Gulf of St. Lawrence relevant for the definition of reference points;

¢ Review candidate fishery reference points for Striped Bass and provide estimates of these
based on the available information from the southern Gulf population;

¢ Review and advise on the consequences of fishery management measures on the
derivation of fishery reference point values;

e Consider options for incorporating species interactions considerations in the definition of
reference points for Striped Bass; and

¢ Consider uncertainties in the definition of the reference points and management approaches
for Striped Bass.




1.2. ORGANISATION OF THE DOCUMENT TO ADDRESS THE TERMS OF
REFERENCE

This document is organized to sequentially to address the terms of reference.

Section 2 provides an overview of the history of fisheries for Striped Bass in the southern Gulf,
with an emphasis on the management measures and fisheries situation since the re-opening of
access to the resource in 2013. Particular challenges to the compilation of fisheries catch and
effort data are described. Additional details on the fisheries are provided in Appendix 1.

Section 3 summarizes the assessment program and the estimates of total spawner abundances
and abundances at age of spawners on the Northwest Miramichi River spawning area for the
period 1994 to 2019. Information on the biological characteristics of the population are provided,
including size-at-age, weight-length relationship and weight-at-age, estimated abundance of
spawners at age, maturity-at-age and proportion female at age on the spawning grounds, as
well as estimates of mortality-at-age and overall. Details on the size-at-age analyses and
derivation of an age-length key to convert abundance of spawners at length to abundance of
spawners at age are provided in Appendix 2. The biological characteristics information is used
in the population modelling in section 4.

Section 4 describes the age-structured population model which was used to estimate important
population dynamics parameters which are required to derive candidate reference points. The
population model uses as input the estimated abundances at age from the assessments in 1996
to 2019 to make inferences on stock and recruitment parameters, mortality rates at age, and
proportion of recruits that become spawners. Seven variants of the basic age-structured model
are examined, with differing informative assumptions on the life history parameters and
exploring different stock and recruitment functions. The input data are presented in Appendix 3,
the model codes for three of the seven models are in Appendix 4, and the detailed diagnostics
of the retained models are provided in Appendix 5.

Section 5 reviews some candidate reference points and describes the methods used to define
these candidate reference points based on the outputs from the population model in section 4.
Equilibrium approaches, which simulate population abundance trajectories based on estimated
and fixed life history parameters, are used to compare abundance, age structure, and fisheries
yields for different levels of fishery exploitation. Concepts of maximum sustainable yield and
spawner per recruit and their associated reference points are described. Empirical driven
methods that rely exclusively on past observations are also described as alternatives to model
dependent approaches for defining reference points.

Section 6 describes the results of the equilibrium modelling and the corresponding values for
the candidate reference points. This section also addresses the question of how the values of
the reference points are modified by the assumptions on natural mortality, on the fishing
management strategy when these include length based limits on retention, and the inclusion or
exclusion of catch and release mortality considerations when estimating yield based reference
points. The section also provides a summary of the conclusions on reference points and
introduces the issue of management reference points that account for species interactions.
Details on this latter point are provided in a separate document (Chaput 2022).

Section 7 addresses the uncertainties associated with the derivation of reference points for the
Striped Bass population of the southern Gulf of St. Lawrence. The uncertainties discussion
includes aspects of life history including size-at-age, maturation and in particular mortality rates.
For mortality rates, we consider the evidence for the causes of mortality of Striped Bass,
including fisheries derived, anthropogenic, and other sources of natural mortality. Other
uncertainties discussed include the assumptions on the density dependent stock and




recruitment relationship and considerations on the choice of models and the time series of
abundance estimates that are available for characterizing the productive potential of this
population.

The references cited in this report are provided in section 8.

2. FISHERIES ON STRIPED BASS

Striped Bass have been exploited in numerous fisheries of the southern Gulf of St. Lawrence for
over a century of records. Catches of Striped Bass dating to 1868 and onward are available in
annual reports of the Department of Marine and Fisheries but these have not been compiled for
this report. Compiled annual commercial catch records for Striped Bass date from 1917
(LeBlanc and Chaput 1991) but these only account for reported commercial catches. There is
an absence of reported landings from the southern Gulf of St. Lawrence during the period 1933
to 1968. This is not interpreted to be a period without harvests however, as numerous regulatory
changes were made during that period to Striped Bass fisheries that likely impacted the fishing
activities (Appendix 1); for example in 1949, an amendment was made to the Special Fishery
Regulations for the province of New Brunswick effectively closing the commercial fishery by
authorizing the retention of Striped Bass only in angling fisheries. This was followed by an
amendment in 1960 that authorized the sale of Striped Bass incidentally captured in nets , traps,
or weirs set for catching fish other than Striped Bass.

In 1993, the Nova Scotia Fishery Regulations, the New Brunswick Fishery Regulations, and the
Prince Edward Island Fishery Regulations were revoked and replaced with the Maritime
Provinces Fishery Regulations that specified regulations specific to fishing in the three Maritime
provinces and in adjacent tidal waters. Of note in this amendment are the regulations specific to
fishing for Striped Bass in the waters of DFO Gulf Region (Tables 2.1, 2.2; Appendix 1).

In 1996, Paragraph 4(2)b of the Maritime Provinces Fisheries Regulations which permitted the
retention of unlimited bycatch of Striped Bass in commercial fishing gears for gaspereau,
Rainbow Smelt, American Shad, and American Eel was repealed (Canada Gazette Part Il, Vol.
130, No. 5; SOR/96-125).

Subsequent modifications to the Striped Bass fisheries management of the southern Gulf were
made via licence conditions (for commercial fisheries) and variation orders for recreational
fisheries. Additional restrictions to various fisheries interacting with Striped Bass were
introduced from 1996 to 2000 which culminated in the closure of all legal Striped Bass fisheries
(Table 2.1).

In addition to the directed fishery management measures, short-term closures to directed
recreational fisheries in the spawning area of the Northwest Miramichi to preclude harm to
spawning fish were instituted since 2017 (Table 2.3). The temporary closure to all recreational
fisheries of the spawning area in the Northwest Miramichi during the peak spawning period was
previously identified as one of several management measures that would enhance the
protection of Striped Bass and promote its recovery (Appendix 1).

Although the fisheries on Striped Bass were essentially closed in 2000, Striped Bass of various
life stages continued to be intercepted in a variety of illegal, commercial, and Indigenous FSC
fisheries although the extent of these losses to the population is unknown (Chiasson et al. 2002;
Douglas et al. 2006; DFO 2011). DFO (2011) indicated that Striped Bass of various life stages
continued to be intercepted in a variety of illegal fisheries, commercial fisheries, and aboriginal
FSC fisheries, with a total estimated loss of medium and large sized Striped Bass in all southern
Gulf of St. Lawrence fisheries in the range of 60,000 fish per year. The total number of bass
handled in the fisheries was estimated to be 152,000 fish, of which 41% were estimated to have




died or been killed (DFO 2011). The activity with the greatest contribution to the total loss of
Striped Bass is considered to be the illegal fishery, accounting for over 50% of the estimated
adult losses, followed by the recreational fishery (illegal retention and bycatch) at about 15%
(DFO 2011).

As abundance was estimated to have increased almost monotonically since the late 1990s, a
number of food, social, and ceremonial (FSC) fisheries were reinstated in 2012 (Table 2.1). The
recreational fishery reopened in 2013 and a pilot Indigenous commercial fishery was licenced in
2018 and 2019 (Table 2.2).

Striped Bass originating from the southern Gulf are also exploited in fisheries along the coast of
Chaleur Bay and around the Gaspe Peninsula in Quebec. Fisheries management measures for
the recreational Striped Bass fishery in Quebec, similar to the fisheries management measures
in DFO Gulf Region, were introduced in 2013 (Table 2.2). Based on elemental composition
analyses of otoliths and different characterizations of these signatures in Striped Bass
originating from the Miramichi River and from the St. Lawrence River spawning areas,
Valiquette et al. (2018) indicated that the southern Gulf of St. Lawrence Striped Bass distribution
extended around Chaleur Bay and upstream along the Gaspe peninsula to Riviére du Loup.
Occasionally, as noted in the samples of Striped Bass from 2017, southern Gulf bass were also
distributed along the lower north shore of the St. Lawrence River (Valiquette et al. 2018). Tag
returns of bass marked in the southern Gulf and reports of the presence of Striped Bass in
southern Labrador in late summer and into the winter (DFO 2018) as well as detections of
acoustically tagged Striped Bass on the receiver line at Port Hope (Labrador; Figure 1.2)
confirmed the broader excursion of southern Gulf Striped Bass outside its historic range in 2017
and its exploitation in various fisheries in and outside (north) of the Gulf of St. Lawrence.

2.1. FISHERIES EFFORT AND CATCH STATISTICS

There are no complete fishery catch data for Striped Bass in the southern Gulf of St. Lawrence.
Historically, fisheries statistics included only commercial harvests, exclusive of recreational and
Indigenous peoples fisheries harvests. LeBlanc and Chaput (1991) summarize the reported
landings of Striped Bass from the southern Gulf of St. Lawrence for the period 1917 to 1988
(Table 2.4). Peak recorded harvest was 61.4 tin 1917. There were no recorded landings for the
years 1935 to 1967. Peak recorded landings in the second period of records after 1967 was
47.8 tin 1981 with 15.25 t recorded in the last year (1996) of authorized commercial landings.
Detailed reported commercial harvests by statistical districts in DFO Gulf NB as well as by
season and regions for the contemporary period of the fishery are provided in Bradford et al.
(1995a) and Douglas et al. (2003).

Striped Bass are particularly vulnerable to capture in several fisheries in estuaries of the
southern Gulf of St. Lawrence. Unregulated and directed commercial fishing up to March 1996
was attributed to have been the principal factor for the reduction in spawner abundance
between May 1995 and May 1996. An estimated 14.5 t of Striped Bass were recorded
harvested during January and February 1996 from the Richibucto district of New Brunswick,
most likely taken in bow-net and gillnet fisheries under the ice (Bradford and Chaput 1998).
Within the Miramichi system 12,300 bass were estimated to have been removed, and added to
an estimated 18,800 bass (17.3 t) reported as landed and sold in districts other than the
Miramichi River, the total removals were estimated to have been in excess of 40,000 fish
representing 80% of the estimated spawning stock of Striped Bass in 1995 (Bradford and
Chaput 1998).

The Indigenous pilot commercial fishery for Striped Bass in the Miramichi River was conducted
in 2018 and 2019. The total allowable catch (TAC) was set at 50,000 fish (50-65 cm TL limit) in




2018 and 50,000 fish (60-85 cm TL limit) in 2019. Privacy rules preclude the reporting of
harvests from this fishery in this report but DFO Fisheries Management indicated that the
harvests were substantially below the TAC in both years.

There are no compiled reports of catches and harvests of Striped Bass in the Indigenous FSC
fisheries in the southern Gulf.

In addition, young of the year (YOY) Striped Bass are susceptible to capture in the openwater
fall fishing gears (boxnets and gillnets) set for Rainbow Smelt (Bradford et al. 1995b, 1997). The
bycatch in the Miramichi fisheries was most important in the last half of October. Interceptions of
YOY bass were estimated to have been in the hundreds of thousands annually, in the Miramichi
River alone, most of which would be dead given the difficulty to sort and release them alive from
the large quantities of fish captured in these fisheries (Bradford et al. 1995b, 1997). Bycatch of
YOQY striped bass were also reported in the Tabusintac and Richibucto River fisheries. The
opening of the fall openwater smelt fishery in the Miramichi was delayed from Oct. 15 to Nov.1
in 1999.

2.2. RECREATIONAL FISHERY CATCH AND HARVEST ESTIMATES

Since the re-opening of the recreational fisheries in 2013, partial catch data from the
recreational fishery for some geographic areas of the southern Gulf and in some years have
been collated but they are very incomplete.

2.2.1. Year 2013

Estimates of caught and retained Striped Bass in the Miramichi River and in the southern Gulf of
St. Lawrence during the two retention periods of 2013 are reported by DFO (2014) and
summarized in Table 2.5. The creel survey was conducted exclusively in the Miramichi River
area during the May 1-15 retention period. The estimates are considered incomplete because
interviews were from incomplete fishing trips, the survey only covered a portion of the 15-day
season, and not all Miramichi fishing locations nor all times of the day were surveyed

(DFO 2014). Of note, DFO (2014) indicated that individual anglers reported single trip catches
of Striped Bass ranging from 0 to as high as 120 fish per trip, highlighting the potential for high
catch rates realized in May in the Miramichi and the extensive catch and release activities in the
recreational fishery.

The estimates for the second retention period in August 2013 are also considered to be
underestimates of catch and retained bass (Table 2.4). Only a few (8) of the large number of
access points (bridges, wharves, public beaches etc.) along the shore of the southern Gulf were
surveyed, the survey only covered the retention period in August at obvious access points and
during the daily open period (two hours before sunrise, two hours after sunset) and little to none
of the effort from shoreline or boats was measured in the survey. Based on the available
information, and assuming a 10% hook and release mortality, there were more losses attributed
to catch and release mortality then retentions although the catch and release losses occur over
the entire size range of bass angled whereas the retention losses were for a slot size

(DFO 2014).

2.2.2. Year 2014

In 2014, a survey was again attempted in the Miramichi River area during the May retention
period. Catches of Striped Bass were again considered underestimated (Table 2.4) given that
interviews only covered a portion of the 25-day season (DFO 2015a). As was the case during
the 2013 fishery, catches of Striped Bass in single trips by individual anglers ranged from O to
111 fish per trip, with large variation in catches and success rates (DFO 2015a). During the




August and September 2015 retention periods, DFO Conservation and Protection officers
conducted 434 individual interviews and documented a total harvest of 58 Striped Bass and 455
released fish. Insufficient coverage precluded the extrapolation of interviewed catches to a total
for these retention periods. Angling data was also obtained from mail-in cards and a self-
reporting website in 2014 (DFO 2015a). There were a low number of overall returns. For the 91
self-reporting web entries, it was indicated that 1,560 Striped Bass were released and 40 fish
were retained. The data cannot be used to estimate the total catches and retentions however it
does illustrate the extent of fishing activity that occurred in 2014, with a point estimate of 16 fish
released per angler and with less than half the anglers retaining one Striped Bass.

The province of Quebec conducted creel surveys in 2014 at fisheries access points along the
north shore (Quebec portion) of Chaleur Bay. A total of 766 interviews were completed in 2014
(DFO 2015a) resulting in an estimated total catch (released and retained fish) of 9,010 fish
(5,370 to 12,650 95% confidence interval) and an estimated retention of 554 fish (299 to 809;
Table 2.5). Data also included the proportion of the retained catch by size group and the
proportion of the estimated released fish by size group (Table 2.6).

2.2.3. Year 2015

No creel surveys of the recreational fishery for Striped Bass in the southern Gulf of St.
Lawrence were conducted in 2015.

The province of Quebec conducted creel surveys in 2015 at fisheries access points along the
north shore (Quebec portion) of Chaleur Bay (Table 2.5). The estimated catches from fishing
effort at the survey points in 2015 were 1,172 fish retained, 20,797 fish released with a point

estimate of total losses (including catch and release mortalities) of 3,252 fish.

2.2.4. Year 2016+

No creel surveys of the recreational fishery for Striped Bass in the southern Gulf of St.
Lawrence have been conducted since 2014.

Since 2016, the province of Quebec has conducted a limited survey of angling activities at four
sites within two sectors during an eight week period, beginning on 1 July. Indicators of angling
activity included the number of anglers per sampling unit (time, site), fishing trip duration, rate of
success, probability of retention of at least one fish, and distribution of catches within length
categories. The indicators of fishing success and distribution of sizes in the catches are
summarized in Table 2.6.

3. ASSESSMENT AND BIOLOGICAL CHARACTERISTICS OF STRIPED BASS OF
THE SOUTHERN GULF OF ST. LAWRENCE

Since 1994, monitoring of the bycatch in the commercial gaspereau trapnets of the Miramichi
River has been the principal source of information for the estimation of the Striped Bass
spawning population of the southern Gulf of St. Lawrence (DFO 2020). Selected biological
characteristics (e.g. fork length, age, sex, and spawning stage) were recorded from fish
captured in commercial gaspereau trapnets (May and June) and at index trapnet monitoring
facilities operated by DFO Science (May-October). Ages are interpreted from scales.

The spawner abundance was usually estimated from mark and recapture experiments in which
adult Striped Bass were tagged early in May and monitored throughout June as they were
captured and released as bycatch in the gaspereau fishery of the Northwest Miramichi Estuary
(Bradford and Chaput 1996; Douglas and Chaput 2011a). Catch per unit effort (CPUE) from this
fishery has been used as an index of abundance for Striped Bass (Douglas and Chaput 2011a;




Figure 3.1) and estimates of catchability of the gear are used to derive the estimates of
abundance. Since 2014, an adjustment to the estimation model has been made to account for
the observed spawning and post-spawning behaviour of Striped Bass, using movement data of
Striped Bass implanted with internal acoustic tags. The tracking of acoustically tagged Striped
Bass provided information on the daily distribution of spawners in the Miramichi system and
therefore their availability to the gaspereau trapnets of the Northwest Miramichi (DFO 2020).

Estimated abundances of bass spawners in the Northwest Miramichi were at or under 5,000
spawners (median) during 1996 to 2000 (DFO 2020; Figure 3.2). The decreased abundance
from 60 thousand fish in 1995 to the 1996 estimate of just over 5,000 fish was largely explained
by estimated removals of about 30,000 adults through unregulated and direct commercial
fishing activities between May 1995 and March 1996 (Bradford and Chaput 1997). Abundance
increased to between 16,000 and 26,000 during 2001 to 2006 and again to between 50,000 and
100,000 fish during 2007 to 2010. Abundances of 150 thousand to 300 thousand were
estimated during 2011 to 2016 with a peak abundance in 2017 at just under 1 million fish
(Figure 3.2). Striped Bass spawner abundance in 2018 and 2019 was estimated to have fallen
back to approximately 300 thousand spawners.

Coincident with the high level of abundance in 2017, evidence from tag returns indicates that a
component of the southern Gulf Striped Bass population migrated further north in 2017 than
previously known, extending into southern Labrador (DFO 2018). In 2017, nine acoustic tag
detections at the Port Hope (southern Labrador) acoustic receiver line were attributed to Striped
Bass (Table 3.1). Of these, seven Striped Bass had a previous overwintering and / or spawning
history in the Miramichi. Exposure to new sources of fishing mortality occurred for southern Gulf
Striped Bass that migrated north in 2017 as reported by interceptions of several tens of
thousands of pounds of Striped Bass in commercial gear set for cod, in herring nets and halibut
trawls along the south coast of Labrador (DFO 2018). Only 3 of the 7 acoustically tagged bass
detected in Labrador with a previous recorded affinity to the Miramichi were detected in the
Miramichi in the winter of 2017/18, a loss of 57% of the original detections off Labrador. Losses
of Striped Bass that had migrated outside the historic range to the Quebec north shore and
Labrador in summer and fall 2017 may in part explain the reduced estimated abundance of
Striped Bass on the spawning grounds in 2018 and 2019 relative to 2017 (DFO 2020).

3.1. AGE AND SIZE AT AGE

Ages of Striped Bass are interpreted from scales. Size-at-age has been reported previously by
Chaput and Robichaud (1995) and in Douglas et al. (2006). Sampling and age determination
has occurred opportunistically. There has not been any age validation nor is a reference scale
set available for doing reader tests. Tagging and subsequent recaptures of tagged fish provide
some information on changes in fork length over multiple years, but these are not reported here.

Striped Bass grow during the open-water season in the southern Gulf (May to October). No
growth occurs through the winter when bass are overwintering and they do not feed under the
ice in the upper areas of estuaries; this is evident from an examination of size distributions of
bass sampled in the fall in the Miramichi at DFO index trapnets which are identical to those of
bass sampled the following spring in the Miramichi (for example, see DFO 2020).

A total of 8,497 age and length data are available from sampling in the southern Gulf of St.
Lawrence over all years between 1975 and 2013. From the samples available, maximum age
interpreted is 15 years and maximum fork length recorded is 116 cm.




3.1.1. Von Bertalanffy Growth Model

A von Bertalanffy growth function was adjusted to the selected age and length data over all
years:

Ly = Ly (1 — e~K(@-a0)) g€

with

L, = length (cm) at interpreted age a,

L., = predicted asymptotic length (cm),

K = predicted metabolic parameter,

ao = predicted apparent age at time of hatching, and
ne ~ N(0, 0?).

Samples used for the von Bertalanffy model were restricted to those collected in May and June
(n = 8,376), corresponding to the size at spawning time, and the start of the biological year
(Table 3.2). No distinction is made between males and females.

The von Bertalanffy model parameters were estimated with OpenBugs using non-informative
priors for the parameters (L, K, ay, o) to be estimated (Lunn et al. 2013; Appendix 2). The
posterior distributions of the parameters are summarized in Table 3.3 and a visualization of the
data, model fits and predicted length distributions at age are presented in Figure 3.3.

3.2. SPAWNER ABUNDANCE AT AGE

Scale sampling and age interpretations are not available for all assessment years, nor are there
sufficient samples of older and larger fish in any year to adequately estimate their relative
abundances. There is information on the length distribution of spawners based on directed
sampling by DFO Science from bycatches in the commercial gaspereau fishery and catches in
dedicated science trapnets for Striped Bass assessment in the Northwest Miramichi

(Figure 3.4). Consequently, the von Bertalanffy model predicted length at age distributions were
used to derive an age length key which was then used to estimate the annual abundance at age
of spawners (Figure 3.5) based on the assessed annual length distributions of the spawners
(Figure 3.4) and the assessed total abundance of spawners (see Appendix 2 for details).

3.3. WEIGHT AT LENGTH RELATIONSHIP

A weight from length relationship was derived using data specific to the Striped Bass population
of the southern Gulf of St. Lawrence. The most extensive data (N = 1,839) for whole weight (kg)
and fork length (cm) were obtained from sampling during May and June, 2013 to 2015, related
to the diet study of Striped Bass of the Miramichi River (Figure 3.6).

For purposes of the stock and recruitment equilibrium modelling, the coefficients of the
relationship for sexes combined were used (Table 3.4).

3.4. FECUNDITY TO SIZE RELATIONSHIP

There is no southern Gulf specific fecundity to weight relationship. Data presented in Douglas et
al. (2003) indicated that fecundity of Shubenacadie bass varied from 53,000 to 1.4 million eggs
for bass ranging from 44.9 to 91.0 cm fork length. Goodyear (1985) presented fecundity at
weight data for Striped Bass which translates to about 83,000 eggs per kg (see Figure 2 in
Douglas et al. 2006). For purposes of modelling, a value of 83,000 eggs per kg was used
(Douglas et al. 2006 used 83,177 eggs per kg). Based on the predicted mean length at age of
bass from the Miramichi and the weight (kg) to length (cm) relationship, fecundity of an age 4
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female bass (mean weight = 1.2 kg) would be 100,000 eggs whereas fecundity of age 15+ bass
(mean weight = 7.1 kg) would be just under 600 thousand eggs.

3.5. MATURITY AT AGE, PROPORTION OF MATURE FISH ON SPAWNING
GROUNDS

Three aspects of maturation and spawning of Striped Bass were considered by Douglas et al.
(2006):

e There are no data with which to directly estimate the age or size at 50% maturity because
no representative sampling of bass at age and maturation assessment is available. Based
on studies elsewhere, the maturation schedule of male and female bass was assumed to
differ, with males maturing earlier than females. Based on available samples of sex at age
during May and June, there is evidence of higher proportions of males at ages 2 to 4 and
more balanced sex ratios at ages 6 and older (Table 3.5). It was assumed that male bass
first mature at age 3 years and female bass first mature at age 4 years, and all bass are
mature by age 6 years (Douglas et al. 2006). This is supported by the observations of
increased estimated abundances at ages 3 to 5 of spawners when following cohorts.

¢ Not all mature Striped Bass are considered to be on the spawning grounds in the Northwest
Miramichi. This inference is based on reports of adult sized Striped Bass, some in ripe
condition (males and females), in other estuaries of New Brunswick and Nova Scotia in May
and June.

o There is also the possibility of skipped spawning in Striped Bass, particularly of larger fish.
Rideout and Tomkiewicz (2011) review the evidence for and causes of skip spawning in fish,
in which fish forego egg production until the subsequent year, as a potential plastic
response of individual fish to low levels of stored energy or unsuitable environmental
conditions. Secor (2008) and Gahagan et al. (2015) report on non-annual spawning of
Striped Bass. Secor et al. (2020), using tracking of acoustically tagged Striped Bass,
reported skip spawning percentages of 14-15%, with a higher percentage for bass in the
year of tagging. The authors indicated that skip spawning could occur due to energetic
constraints and seasonal movements and attributed the higher non-spawning behaviour in
the year of tagging as the result of a residual tagging and handling effect.

¢ In 2017, nine acoustic tag detections at the Port Hope (southern Labrador) acoustic receiver
line were attributed to Striped Bass (Table 3.1). Of these, seven Striped Bass had a
previous overwintering and / or spawning history in the Miramichi. Of note, are the three
Striped Bass acoustic tags detected in Labrador which were subsequently detected in the
Miramichi (i.e., returned from Labrador) in the winter of 2017/18 and 2018/19 and the
spawning that had occurred in the Miramichi in 2017, not in 2018, but spawning again in
2019, providing evidence of skipped spawning for those three fish.

Insights into the proportion female at age on the spawning grounds is available from the
directed sampling as part of a diet study of Striped Bass in the estuary of the Miramichi River
conducted during May and June of 2013 to 2015. Figure 3.7 shows the proportion female by cm
fork length bin. Overlain on the plot are the 95% confidence interval range of the predicted fork
length at age from the von Bertalanffy model. For bass less than 32 cm fork length, there is a
varying but generally equal proportion of males and females in the samples; we interpret this as
representative of immature fish. There is a low proportion female for bass ranging from 33 to

48 cm, roughly equivalent to age 3, increasing proportion female in the size range of age 4 bass
with the proportion female levelling off at around 0.5 for size ranges of bass aged 5 and older
(Figure 3.7).
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The assumptions regarding the proportions mature at age and the proportions of mature bass
on the spawning grounds result in estimates of the proportions of recruits by age, sexes
combined, that are on the spawning grounds in the Miramichi. If the proportion of mature
recruits present on the spawning grounds is the same for male and female bass at all ages,
then the proportion female at age of spawners depends only on the ratio of the maturation
schedules (Table 3.6).

3.6. MORTALITY

We assumed similar mortality at age for male and female bass.

3.6.1. Estimate of Natural Mortality of Ages 0 to 3

Estimates of natural mortality (M) for age-0, and ages 1 to 3 were derived using the empirical
relationship published in Gislason et al. (2010) that relates instantaneous natural mortality rate
to von Bertalanffy growth characteristics of the species. The equation derived by Gislason et al.
(2010) is:

In(M) =0.55—-1.61*In(L) + 1.44 x In(L,,) + In(K)

with

M = instantaneous natural mortality rate,

L = length of fish (mm),

Lo, = predicted asymptotic length (mm) from von Bertalanffy growth function, and
K = metabolic parameter from von Bertalanffy growth function.

Based on the point estimates of L., (907 mm), and K (0.1685) from the von Bertalanffy fit to the
Striped Bass data (Table 3.2), estimated size at age of age 0 bass at the end of the growing
season, and predicted mean sizes at ages 1 to 3 in mid-year (mean of Lat and La+1+1), the
model derived values of M for these age groups are summarized in Table 3.7.

Douglas et al. (2006) assumed an instantaneous rate (M) of 1.5 (survival = 0.22) for YOY in the
first winter. Derivation of M based on the empirical relationship of Gislason et al. (2010) gives an
M of 1.9. Mortality of young of the year bass in the first winter is expected to be high for this
northern population. Size distribution of YOY bass in the fall, at the end of their first growing
season, is annually variable with modal fork lengths varying between 9 and 15 cm (Bradford et
al. 1997; Douglas et al. 2006; Figure 3.8). Chaput and Robichaud (1995) backcalculated fork
lengths at age 1 (after the first winter) ranging from 10 to 15 cm depending on year class. Like
adults, juveniles do not feed in the winter and no food items have been found in stomachs of
juvenile bass sampled from the open water smelt fishery in November at low water
temperatures (R. Bradford pers. comm.). The period of fasting likely extends from late October
to late April in most years. There is limited empirical evidence that small bodied Striped Bass
have a lower fitness than large bodied juveniles during the first winter. Some juvenile bass have
been found frozen in surface ice in the Miramichi (Douglas pers. comm. or previous section).
Variations in quantity of optimal habitat in the winter has been suggested as a possible factor
contributing to variations in recruitment of the Hudson River striped bass population (Hurst and
Conover 1998).

Douglas et al. (2006) had assumed that M for age 1 bass was 1.0, less than the overwinter
mortality rate of YOY (1.5) but higher than the assumed value of 0.8 for age 2 bass. Values for
M based on the empirical relationship of Gislason et al. (2010) and the mean size at age mid-
season, are 0.82 for age 1 bass and 0.45 for age-2 bass.

Based on these values, the predicted cumulative survival rate from age-0 in the summer to age
3 is 0.039 (exp-(1:97+0.82+0.45))
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3.6.2. Mortality of Age 4 and Older Bass
3.6.2.1. Cohort Decline Analysis

Estimates of total mortality (Z) over age were calculated as the change in natural log of the
assessed abundance at age of spawners by cohort:

log (Nyq) = B+ Z x Ageq + &; € ~N(0,02)

with

y the cohort,

a the age,

Z the slope of the natural log of the assessed abundance at age by cohort, and
B the intercept (log of abundance for the first age in the regression).

Z was calculated over ages 5 to 12 because it is assumed that Striped Bass from the southern
Gulf of St. Lawrence are not fully mature until age 5 for males, age 6 for females and we wanted
a sufficient number of cohorts in the time series to derive estimates of Z. Cohorts were retained
for which there was a minimum of six available estimated abundances over the age range 5 to
12 years.

The estimated abundances at age and the estimates of Z for the 1989 to 2009 cohorts are
shown in Figure 3.9. The absolute values of Z range from a low of 0.16 for the 2005 cohort to a
high of 0.58 for the 1989 cohort. The 1993 cohort is the first fully assessed cohort for this
population. For the fully assessed cohorts (cohorts 1993 to 2007 covering the full age range 5 to
12), the absolute values of Z ranged from 0.16 to 0.43, with a median value of 0.33.

Catch curve analyses reported in Douglas and Chaput (2011a) indicated that the total
instantaneous mortality values (Z) ranged from a low of 0.08 to a high of 2.86 and corresponded
to annual mortality rates of 7% to 94%. Year on year negative estimates of Z were frequent at
age 3 and were not unexpected given the presumed maturity schedules for male and female
bass at ages 3 to 5 resulting in partial recruitment to the spawning population of age-3 and age-
4 bass. Based on the average abundance at ages 3 to 9 years over the period 1997 to 2010,
the total mortality rate of adult Striped Bass was estimated at 0.47 (Z = 0.63; Douglas and
Chaput 2011a), marginally lower than estimates of Z (0.8-0.9) and A (0.5-0.6) previously
calculated for southern Gulf Striped Bass between the ages of 3 and 7 (Douglas et al. 2006).

Cohort decline analysis indicates variable but relatively high total mortality for Striped Bass aged
5 to 12; for the fully assessed cohorts (cohorts 1993 to 2007 covering the full age range 5 to
12), the absolute value of Z ranged from 0.16 to 0.43, with a median value of 0.33. The high
mortality rate for the southern Gulf was considered consistent with the relative rarity of Striped
Bass older than 10 years of age in the southern Gulf (Douglas et al. 2006).

3.6.2.2. Mortality inferred from tagging data

Acoustic tagging and tracking programs of Striped Bass conducted in 2003 to 2004, 2008 to
2009, and during 2013 to 2017 provide independent data to estimate annual mortality (converse
survival) rates of adult Striped Bass to the Miramichi River. Striped Bass, ranging in size from
40.4 to 88.0 cm fork length (size data were not available for all tagged fish in all years) were
tagged with acoustic transmitters and released from three locations: the Gaspe area (Quebec
side of Chaleur Bay; MFFP Quebec), the Miramichi River, and a small effort from Pictou (Nova
Scotia; C.F. Buhariwalla, pers. comm.). Both Vemco V13 and V16 acoustic tags were used with
the majority of fish tagged with V16 tags. Anticipated battery life of the tags varied with tag type
over years, and tag detections included in the survival estimates account for the expected
battery life of the tags. Acoustic receivers were deployed throughout the Miramichi River and
estuary year round (see Douglas et al. 2009 for details).
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In this analysis, only sequential detections of tagged bass from acoustic receivers in the
Miramichi River are used. It is assumed that fish detected in the Miramichi one year would be
expected to return to the Miramichi the following year. Generally, survival rates are provided for
the years after the year of tagging and corresponding to the open water period, i.e. survivals for
the year 2017 are derived from fish tagged in 2016, that were detected in the Miramichi over the
winter 2016/17 and again in the Miramichi over the winter 2017/18. The exception is for the
bass tagged in 2003, 2004, 2008 and 2009; these fish were tagged and released in the spring
and the survival estimates are derived from detections in the winter and spring of the following
year, hence survivals correspond to the year of tagging and release.

Details on the number of bass tagged and subsequent detections, by location, tag type and size
group at time of tagging are provided in Table 3.8.

3.6.2.3. Estimating the probability of survival

Over all tags available for detection, the probabilities of survival were estimated independently
by tag group assuming a binomial distribution with a non-informative beta prior for the
probability of survival:

N.tags(j,t) | N.tags(j,t —1),0;.,p ~ Binomial(®;, * p, N.tags(j,t — 1))
Dje~ Beta(aj,t,bj,t); prior aj; = bj; =1

with
parameter @; ; the probability of survival of tag group j over the period t-1 to t, and
p the probability of detection of acoustically tagged fish in the Miramichi.

Striped Bass return and overwinter in the upper portion of the Miramich River estuary and the
probability of detection of these acoustic tags is considered to be 100%; total detections of
individual tags generally totaled in the 100s or more.

These survival rate estimates include both natural and fishing mortality because these fish
would have been vulnerable to legal and illegal fisheries over those years. To determine the
extent to which survival rates in recent years may be size dependent and affected by the
introduction of the retention size limit in the recreational fishery, we estimated and compared
survival rates by size group for the year immediately after tagging, when the length of the fish
would be expected to be most similar to their size relative to the size limits for the fishery. We
also examined the survival rates over sequential years of fish in each size group, with the
expectation that fish below the size limit would grow into the size limit and fish within the size
limit at tagging would grow out of the size limit over time. Based on predicted fork length mid-
season from von Bertalanffy model fits, the current retention size limit of 47 to 61 cm fork length
in the recreational fishery results in selectivities to the recreational fishery of 0.12 for age 3
years, peaking at 0.76 to 0.79 at ages 4 and 5 years old and falling to 0.1 or less by age 10
years (Figure 6.3). Bass would be strongly selected by the fishery for two years but expected to
grow through the slot over a period of 4 to 5 years.

3.6.2.4. Estimates of survival rate

Posterior distributions of the estimated probabilities of survival by tagging group (location, year
of release, tag type) for sizes combined are shown in Figure 3.10. With few exceptions, annual
survival rates are greater than 0.6. The estimated probabilities of survival (pooled values) were
lowest during 2003 to 2009 and higher since 2014 (Figure 3.10, bottom panel).

The extent to which the estimated survival rates from tagged bass include fishing mortality is
considered by examining survival rates by size group and sequential changes in survival rates
for these groups (Figures 3.11, 3.12). Few bass of fork length less than the minimum retention
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limit were tagged in the recent years. There is an impression that survival rates of tagged bass
within the retention size limit at time of tagging were lower than for bass which were outside the
retention size slot, although there are notable exceptions such as the bass tagged in Gaspe for
which estimated survival of bass in the slot size was better than for bass larger than the slot size
for the 2014 year (Figure 3.11).

Estimates of instantaneous mortality rates (Z) ranged from 0.41 (median) during the period 2003
to 2009 to 0.22 for the period 2014 to 2018 (Figure 3.10). It is not possible to partition the
natural mortality rates from fishing mortality rates with these data however considering that
fishery removals would have in part contributed to the estimated mortalities, natural mortality of
adult sized (> 47 cm) Striped Bass should be less than 0.2.

4. POPULATION MODELS

Estimates of key life history and population dynamics parameters are required to derive
Maximum Sustainable Yield and other reference points. An age structured population model, as
described in Walters and Martell (2004) and Walters et al. (2008) with an underlying stock and
recruitment relationship (Beverton-Holt, power) is used to model the population dynamics of
Striped Bass.

The time series of assessed abundance of spawners in the Miramichi and estimated
abundances at age for the period 1996 to 2019 are used (Appendix 3; Figure 3.2). The data
series begins in 1996 because prior to 1996, there was an active harvest of Striped Bass on the
spawning grounds in the gaspereau fishery that was removing fish concurrent with the
assessment program; the assessed population estimates for 1994 and 1995 are considered to
be potential spawners rather than realized spawners. The same situation may apply since 2013
concurrent with the reopening of the Indigenous FSC fisheries and recreational fisheries,
however, the harvest of Striped Bass during the assessment period (mid-May to mid-June) for
those years is considered to be substantially less than what occurred prior to 1996.

4.1. MODEL SPECIFICATIONS

4.1.1. Model Equations

The life cycle population dynamic equations account for the estimated and/or assumed life
history characteristics of the Striped Bass population of the southern Gulf. The beginning of the
year is the spawning period, mid-May to mid-June, corresponding to the assessment period.
The model assumes similar life history characteristics for male and female Striped Bass in terms
of fork length-at-age, weight-at-age, and mortality-at-age.

The general model equations are described below. Modifications to these are made according
to the model considered; those details are described specific to the model.

Recruitment (number) at age is calculated as:

axEggsy
axEggsy
=

N.0, = (Beverton-Holt) or

N.0, =y * Eggsf (Power function)
with
N.0, = recruitment abundance (number) at age 0 in the summer in yeary,
Eggs, = total eggs spawned in yeary
o = Beverton-Holt density independent mortality rate (0,1),
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K = Beverton-Holt asymptotic abundance of age 0 in the summer,

y = survival rate (0,1) at the origin of the power stock and recruitment function, and

B = the density dependent compensatory survival rate of the power stock and recruitment
function (if p = 1, recruitment is a proportion of eggs; if B < 1, recruitment is a decreasing
proportion of increasing eggs; if p > 1, recruitment is an increasing proportion of increasing
eggs).

— -Z.0
Nyy10= N.Oyx e

with
Ny .41 = recruitment abundance at beginning of year y at age 1,

N.0, as defined above, and
Z.0 = instantaneous overwinter mortality rate of age O,

Nyi1a+1 = Nyg* e"% fora=1to013

with
Zy = instantaneous mortality rate at age a

Age 15 is the oldest age and included as a plus group. Abundances of the plus group are
calculated as:

Nya= Ny_yqq* e @Dt N, e %) fora=15+
Spawner abundances (number) at age and total eggs are calculated as:

SPya = Nygq* p.rec.sp,
with
Spy,. = abundance (number) of spawners of age a at beginning of yeary,
N, , = recruitment abundance of fish of age a at beginning of yeary,
p.rec.sp, = proportion of mature recruitment at age a present on the spawning grounds.

A
Eggsy = E 3S'py,a * p.fem, * fec* u.Wt,
a=

with

Eggs, = total eggs spawned in year y calculated as the sum of eggs at age a, a =3 to A (15+
group)

Spy,. = abundance (number) of spawners of age a in yeary,

p. fem, = proportion female of spawners at age a,

fec = 83,000 eggs per kg of female bass

u. Wt, = mean weight (kg) at age a (Figure 3.6; Appendix 3).

4.2. EGG TO YOY FUNCTIONAL RELATIONSHIP

We assumed that there is a density dependent compensatory function between eggs spawned
and production of young-of-the-year (YOY) in the first summer (Goodyear 1985). We modeled
this dynamic as a Beverton-Holt function (Hilborn and Walters 1992) or as an alternate power

function.

The combination of high fecundity and iteroparity of Striped Bass are indicative of a species with
high mortality in the early stages. Inter-year class variability in Striped Bass has been observed
to be high, largely determined during the egg and larval stages and influenced by environmental
factors (see references within Richards and Rago 1999; Uphoff 1989; Rutherford et al. 2003).
Instantaneous daily rates of mortality (M d-') between the egg and the 8 mm larval stage have
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been estimated to vary between 0.11 and 0.34, with overall survival after 20 days varying
between 0.03% and 11% (Rutherford et al. 1997). Increased juvenile production is not
guaranteed by increased spawning stock but the chances of producing a strong year class are
improved at high spawner abundances.

For the southern Gulf of St. Lawrence Striped Bass population, the life stage at which the
carrying capacity limit is defined is assumed to be during the early juvenile (age-0, summer)
stage as the habitat and food base for the larvae and post-metamorphosis juveniles is
constrained to a relatively small tidal spawning and rearing area in the Northwest Miramichi
(Robichaud-LeBlanc et al. 1996, 1997; Douglas et al. 2009). Cowan et al. (1993) contend that
the year-class strength of Striped Bass is determined prior to metamorphosis (larval stage) as a
combination of factors including maternal effects (larger females spawn more and larger eggs
which contribute to larger larvae at hatch and better survival), prey abundance and quality.

Douglas et al. (2006) used a rate of 0.1% for survival to the end of the growing season for this
population at the northern limit of the species distribution. Although there are no measures of
absolute abundance of age-0 bass at the end of the first summer, the mean asymptotic
abundance (K) was assumed to be in the order of a few million fish with 10s of millions of
individuals possible for strong year classes (Douglas et al. 2006). Estimates of bycatch in the
fall open water fishery of the Miramichi were over half a million fish in a year when spawner
abundance was low (Bradford et al. 1997).

4.3. DATA

The data (observations) for model fitting are provided in Appendix 3. The observations include
the assessed estimates of total spawner abundances and estimates of the number of spawners
at age calculated from the assessed size distribution and an age-length key. Empirical data on
weight-at-age and assumptions of maturation schedules by age for males and females are also
shown in Appendix 3. Specifically, the observations for model fitting are:

o Assessed (median) total spawners (number) 1996 to 2019 (excluding 2012)
e Estimated abundance at age of spawners 1996 to 2019 (excluding 2012) based on:

o Fork length distribution of spawners by year, 1996 to 2019 (excluding 2012), and
o Age and length data to develop an age-length key based on von Bertalanffy growth
model.

4.4. LIKELIHOODS

Lognormal likelihoods for abundance (number of fish) included:

e Median spawner abundance at ages 3 to 8 by year (Sp. obs, ) as
Sp.obsgy4q ~ LogN(log.u.Spa'y_m, log.o,) fora =310 8,y = 1996 to 2019-a.

with

log. u.Spgy+q the predicted mean (natural log scale) abundance of spawners age

ain year y+a.

The sequence y+a is used for the appropriate cohort link; the 1996 cohort (1996 spawning) is
first observed as 3-year olds in 1999, 4-year olds in 2000, etc. By age 8, the cohorts included in

the model are 1996 to 2011. In all cases, the 2012 data are missing (but the missing data are
included in the likelihood).

e Median total spawner abundance (age 3 to 15+) by year (Sp. tot. obs,) as
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Sp.tot.obsy 15 ~ LogN(log.u.Sp. toty 412, log. asp.mt) for y = 1996 to 2008.
with
log.u.Sp. tot, 1, the predicted mean (natural log scale) total abundance of spawners, ages

combined, year y+12. In this case, the sequence y+12 corresponds to the predicted spawners
for the 2008 to 2019 assessment years. Although the 2008 (1996+12) to 2010 assessment
years include spawners at ages 13 to 15+ from the 1993 to 1995 cohorts for which there are no
originating spawner abundances (hence resulting from sequential survivals from initial
abundances at age 3 in 1996 to 1998 and unrelated to the stock and recruitment function), the
percentage of these age groups to total spawners in any of those years is small (< 1%) and
considered to have minimal consequence on the likelihood.

4.5. INITIAL YEAR 1996

Estimated recruitment at age and spawners at age for the first year, 1996, are derived directly
from the assessed and estimated spawner abundances at age in 1996.

Recruitment at age was estimated as:

Obs. S$P1996,3

_ 71+ Z
Nigoe1 = x e(Z1+22)
p.rec. sps
0bs.5p1996,3 (Z)
N. =——=—2= % e\¥2) gnd
1996,2 p.rec.sps
Obs.s
Nygog q = ——P19968 for g = 3 to 15+.
[ p.rec.spg

Total spawners, total eggs, and recruitment at age 0 are as defined above.

Depending on the model, Z; and Z, above are either given informative priors or are not used
because the life cycle transition goes directly from age-0 to age-3 (Model 5) or from eggs to
age-3 (Model 6, 7).

For models 5, 6 and 7 described below, the predicted recruitment abundance at age 3 is derived
from either eggs or age-0 recruitment in year-3. Therefore, initial values for age-3 recruitment
for 1997 and 1998 are derived from the assessed spawner abundances at age 3 for those years
adjusted by the proportion of recruitment that become spawners at age 3 (as was the case for
age 3 in 1996).

__Obs.spy3

N, 3 = ———=fory = 1997 and 1998.

3 7 prec.sps

4.6. MODEL VARIANTS

Seven age-structured life cycle models with differing assumptions and parameters to be
estimated were examined. Some life history characteristics (mean weight-at-age, proportion
female at age of spawners, eggs per kg of spawner) were set at fixed values in all models. For
the other life history parameters (Beverton-Holt stock and recruitment parameters, survival,
proportion of recruits that are spawners), prior distributions were used for the parameters
(Table 4.1). Time varying parameters were not considered in the models.

The model predictions of abundances at age and total spawner abundance were fitted to the
point estimates of abundances of spawners at age and estimated total spawners from the
assessments conducted in the Miramichi over the period 1996 to 2019.

The models were coded in OpenBugs with posterior distributions derived from Monte Carlo
Markov Chain simulations with Gibbs sampling (Lunn et al. 2013; Appendix 4).
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4.6.1. Model 1

The initial model assumed informative prior information for most of the life history parameters
with the exception of the parameters of the stock and recruitment Beverton-Holt function and the
precision parameters of the likelihoods (Table 4.1).

Parameters in the model to be estimated are:

e o (survival rate at the origin);

o K, asymptotic carrying capacity of age 0 in the first summer;
o o, forages 3 to 8 and for total spawners;

e Zforages 0 (overwinter survival), 1, and 2 from the Z to length relationship of Gislason et al.
(2010; informative priors);

e Z at age assumed similar for ages 3 to 15+ at median value (0.33) of the cohort decline
analysis of estimated spawners at ages 5 to 12 (informative prior); and

o Proportion of recruits at age that are spawners (sexes combined), based on assumed
maturation schedule of males and females (informative priors).

4.6.2. Model 2

In the second model, the mortality rates at ages 3 to 8 were estimated independently but with
informative priors with the same rates over years; the mortality rate for ages 9 to 15 was set at
the mortality rate at age 8 (Table 4.1).

Parameters in the model to be estimated are:

e o (survival rate at the origin);

o K, asymptotic carrying capacity of age 0 in the first summer;
e o, for ages 3 to 8 and for total spawners;

e Zforages 0 (overwinter survival), 1, and 2 from Z to length relationship of Gislason et al.
(2010; informative priors);

e Zforages 3to 8; Z for ages 9 to 15+ = Z at age 8 (informative prior); and

o Proportion of recruits at age that are spawners (sexes combined), based on assumed
maturation schedule of males and females (informative priors).

4.6.3. Model 3

In the third model, the mortality rates at ages 3 to 8 were given independent and weakly
informative priors (Table 4.1).

Parameters in the model to be estimated are:

e o (survival rate at the origin);

o K, asymptotic carrying capacity of age 0 in the first summer;

e o, forages 3 to 8 and for total spawners;

o Weakly informative priors for Z for ages 3 to 8; Z for ages 9 to 15+ = Z at age 8§;

o Zfor ages 0 (overwinter survival), 1, and 2 from the Z to length relationship of Gislason et al.
(2010; informative priors); and
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e Proportion of recruits at age that are spawners (sexes combined) for ages 3 to 6. Proportion
for ages 7 to 15 set equal to proportion at age 6.
4.6.4. Model 4

In the fourth model, the proportion of recruits that are spawners at ages 3 to 6 and the survivals
at age-0, 1, and 2 are given weakly informative priors, to be estimated (Table 4.1; Appendix 4a).

Parameters in the model to be estimated are:

e o (survival rate at the origin);

o K, asymptotic carrying capacity of age 0 in the first summer;
e o, forages 3 to 8 and for total spawners;

o Zforages 3to 8; Z for ages 9 to 15+ = Z at age 8;

o Weakly informative priors for Z for ages 0 (overwinter survival), 1, and 2 centered on Z to
length relationship of Gislasson et al. (2010); and

o Weakly informative priors for proportion of recruits at age that are spawners (sexes
combined) for ages 3 to 6. Proportion for ages 7 to 15 set equal to proportion at age 6.
4.6.5. Model 5

In the fifth, the cumulative survival from age 0 (summer) to age 3 was estimated, excluding the
need for priors on survivals at age 0, 1, and 2 (Table 4.1; Appendix 4b).

Parameters in the model to be estimated are:

e o (survival rate at the origin);

o K, asymptotic carrying capacity of age 0 in the first summer;

o o, forages 3 to 8 and for total spawners;

e Zforages 3to 8; Zfor ages 9 to 15+ = Z at age 8;

¢ Cumulative Z for age 0 (summer) to age 3; and

o Proportion of recruits at age that are spawners (sexes combined) for ages 3 to 6. Proportion
for ages 7 to 15 set equal to proportion at age 6.

4.6.6. Model 6

In this model, the Beverton-Holt stock and recruitment parameters were estimated for eggs to
recruitment at age 3 (Table 4.1; Appendix 4c).

Parameters in the model to be estimated are:

e o (survival rate at the origin; cumulative survival eggs to age-3);
o K, asymptotic carrying capacity at age 3;

e o, forages 3 to 8 and for total spawners;

o Zforages 3to 8; Z for ages 9 to 15+ = Z at age 8; and

o Proportion of recruits at age that are spawners (sexes combined) for ages 3 to 6. Proportion
for ages 7 to 15 set equal to proportion at age 6.
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4.6.7. Model 7

In the final model, a power function for the spawner to recruitment relationship to age 3 was
examined, that defines a density dependent survival but no carrying capacity limit. Given the
relatively short time series of stock and recruitment data and the one way trip of increasing
abundance observed, this model was used to examine the strength of evidence of a
compensatory relationship with an asymptote for carrying capacity for recruitment measured at
age 3.

Nyiz3 =y * Eggsf
with
N, 33 = recruitment abundance (number) at age 3 in year y+3,
Eggs, as defined above,

v = density independent mortality rate (0,1), and
S = density dependent component, expected to be < 1 if there is density dependence.

Parameters in the model to be estimated are (Table 4.1):

e v proportional survival from eggs to age 3;

e B the density dependent compensatory parameter for age 3;
e o, for ages 3 to 8 and for total spawners;

o Zforages 3 to 8; Z for ages 9 to 15+ = Z at age 8; and

o Proportion of recruits at age that are spawners (sexes combined) for ages 3 to 6. Proportion
for ages 7 to 15 set equal to proportion at age 6.

4.7. MODEL RESULTS

Model diagnostics for variants 4, 5, and 6 are detailed in Appendix 5 and summarized in
Table 4.2.

The time series of increasing abundance of spawners for the Striped Bass population during
1996 to 2019 follows a one way trajectory and the observations provide limited information to
clearly define the population dynamics. Despite this, a number of conclusions can be drawn
from these analyses:

o There is sufficient evidence that survival rates at age for the time series of observations
differ with the lowest estimated survival rates for ages 4 to 6 and the highest rates for ages 8
plus.

o Estimated survival rates of Striped Bass of ages 7 and older, appear to have increased over
the time period 1996 to 2019 (based on positive temporal trend in residuals), although such
a change was not incorporated in the model.

e The proportion of recruits at age that become spawners increases from age 3 to 6, as
expected.

o There is a negative correlation between the estimated survival rate at the origin of eggs to
age-0 summer abundance of the Beverton-holt relationship and the density independent
survival rate estimated for other ages (age-0 and age-3 in Models 3 and 4, age 0 to 3 in
Model 5). This trade-off in parameter estimates occurs because of an absence of
observations allowing for the partitioning of survival for the intermediate age groups (ages 0,
1, and 2).
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There is insufficient evidence to unequivocally conclude or reject the assumption of a
density-dependent compensatory stock and recruitment relationship for this population.
There is little difference in the fit to observations of the power function model compared to
models with assumed Beverton-Holt stock and recruitment functions. The power function of
eggs to recruitment at age 3 provides the lowest deviance value of all the models but with a
density dependent parameter that encompasses unity, hence a proportional relationship.

A priori, a density dependent Beverton-Holt stock and recruitment function is assumed and
models with this stock and recruitment function were considered further.

4.7.1. Beverton-Holt SR Model Results

There is no difference in fits to observations of the model with a Beverton-Holt stock and
recruitment function between eggs and age-0 abundance in the summer (followed by density
independent survival to age-3; Models 4 and 5) and the model that fit the stock and recruitment
function from eggs directly to age-3 (Model 6; Table 4.2; Appendix 5).

In terms of the models that estimate survival at the origin and carrying capacity to age-0, the
following are noted:

The first model (model 4) that incorporated an egg to age-0 stock and recruitment function
considered weakly informative priors on the overwinter survival rates at age-0 and the
survival rates at ages 1 and 2 to estimate the abundances at age-3, the first age of
spawners with observations.

The alternate model (model 5) directly estimated a cumulative survival rate from age-0 to
age 3.

There is a strong negative correlation in the estimates of survival at the origin from eggs to
age-0 and the estimates of survival at age 0 and at age 3 in model 4 and in the estimates of
survival from age-0 to 3 in model 5 (Appendix 5).

The estimated survival at the origin (eggs to age-0) for model 4 is approximately three times
higher than the estimate for model 5 (Table 4.3). The cumulative survival from age-0 to 3 in
model 4 (based on priors for survival rates for overwinter survival at age-0 and survivals at
age 1 and 2) is much lower (by a factor of 4) than for model 5 which directly estimates a
cumulative survival from age-0 to 3.

The cumulative survival from egg to age-3 at the origin, in the absence of density dependent
compensatory survival, is quite low at 3 to 4 fish per 100,000 eggs. The scaled egg to age-3
survival for model 5 (median = 3.65 E-5) is similar to that of model 4 (median = 3.34 E-5)
and with large uncertainties; consequently, there is no difference in the estimated density
independent survival rates from eggs to age-3 between the models (p = 0.26; Table 4.3).

The lifetime reproductive rate, expressed as the cumulative production of age-3 recruits in
absence of density-dependent compensatory survival over the lifetime of a spawner (sexes
combined), is approximately 5.0 to 5.5 recruits at age-3, and similar for these two models
(Table 4.3).

The estimate of K at age-0 is higher for model 4 than for model 5 (p = 0.06) however the
age-3 asymptotic abundance estimated by correcting K at age-0 by cumulative survival
between age-0 and age 3 results in a significantly higher asymptotic abundance value at
age 3 for model 5 compared to model 4 (p < 0.001; Table 4.3).

Beverton-Holt K at age-0 and scaled to age-3 are not attainable with the assumed and
estimated life history parameter values from these models as shown by the equilibrium
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asymptotic values which are lower than the theoretical asymptotic values from the Beverton-
Holt model. Equilibrium modelling using the assumed life history characteristics (weight at
age, maturation schedule, fecundity) and the estimated population dynamic parameters
(survivals, proportion of recruits that become spawners, Beverton-Holt stock and recruitment
parameters) result in asymptotic abundance values at age-0 that are 81% of Beverton-Holt
K from models 4 and 5, respectively (Table 4.3).

Model 6 estimated the Beverton-Holt stock and recruitment parameters directly from eggs to
age -3.

The median estimate of eggs to age-3 survival from this model (median = 4.09 E-5) is much
lower than the density independent survival at the origin (eggs to age-0) from models 4 and
5.

The survival from eggs to age-3 for model 6 is higher than the scaled survival from eggs to
age-3 from model 4 and model 5 but with large uncertainties that overlap among models
resulting in no significant differences in the scaled survival rates among the models (p =
0.20, 0.42, respectively; Table 4.3).

The lifetime reproductive rate is similar for the three models considered (Table 4.3).

The estimated carrying capacity at age-3 from model 6 is approximately nine times and four
times higher than the scaled carrying capacity to age -3 for model 4 and model 5,
respectively, and despite large uncertainties, the distributions do not overlap among the
models (p < 0.001, 0.01, respectively; Table 4.3).

Equilibrium modelling of asymptotic abundance at age-3 for model 6 gives a value of
2.9 million recruits and 815 thousand spawners at age-3, 78% of the Beverton-Holt derived
carrying capacity value for recruitment at age-3.

4.7.2. Choice of Model

The choice of model has consequences on the interpretation of population abundance and
trends as well as on the derivation of the reference points.

A priori, a density dependent Beverton-Holt stock and recruitment function with density
dependence occurring between eggs and age-0 summer abundance is assumed so these
models are retained (models 4 and 5). Model 6 (Beverton-Holt stock and recruitment
function with density dependence occurring between eggs and age 3) is not retained; in its
recruitment profile, model 6 is very close to a proportional relationship.

There is little information to support preferentially selecting Model 4 over Model 5.
Diagnostics of model fits suggest a slight improvement in the predicted to observed total
spawner abundances for model 5 but the difference is very minor (Figures 4.1, 4.2;
Appendix 5). Deviance values from the two models are essentially identical. There are fewer
prior requirements (fewer parameters) for model 5 compared to model 4 as only cumulative
survival from age-0 to age-3 is estimated but other than that, the estimates of survival at
ages 3 to 8 and the proportion of recruits that are spawners are similar between models
(Figure 4.3).

Model 4 parameter estimates indicate the population has a higher survival rate at the origin
and a higher carrying capacity to age-0, however, the carrying capacity at age-3 is lower for
model 4 compared to model 5 due to the lower cumulative survival from age-0 to age-3
inferred from model 4 (Figure 4.4).
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e The lower carrying capacity at age-3 and the higher survival rate at the origin from model 4
will in turn result in lower reference values for maximum sustainable yield and other
reference points compared to model 5.

o Estimates of maximum sustained yield and candidate reference values are presented for
both models 4 and model 5.

e More detailed diagnostic and summaries for models 4 and 5 and summaries for model 6 are
available in Appendix 5.

5. REFERENCE POINTS FOR STRIPED BASS

5.1. RECOVERY OBJECTIVES FROM THE RECOVERY POTENTIAL ASSESSMENT

Following on the first status assessment by COSEWIC (2004) of the southern Gulf of St.
Lawrence Striped Bass Designatable Unit as threatened, a Recovery Potential Assessment was
conducted that included proposals for abundance recovery objectives (DFO 2006; Douglas et
al. 2006). Mortality, fecundity, and stock and recruitment dynamics were modeled using general
life history information of the species and observed or assumed values specific to southern Gulf
Striped Bass. The choice of parameter values in the model were supported by observations on
characteristics of the population and balancing of life stage abundances. The characteristics of
the southern Gulf population considered included:

e prior for expected abundance of adult bass and spawners,
e relative age structure of the spawners, and

e sex ratio of spawners.

5.1.1. Prior Expectation of Striped Bass in an Exploited State

An estimate of historical maximum abundance was stated as a reasonable expectation of a
recovered population. The maximum recorded annual fishery landing of southern Gulf Striped
Bass since 1917 was 61.4 t (in 1917). The maximum commercial landing during 1968 to 1996
was 47.1 t. Using the historical maximum landing of 61.4 t, an assumed weight for the exploited
Striped Bass population of 1.9 kg, and an assumed (without information) exploitation rate of
50%, the abundance of adult-sized (3 year and older) Striped Bass in the southern Gulf was
considered to have been between 65,000 and 200,000 fish (Douglas et al. 2006).

A deterministic life history equilibrium model was run over a range of egg depositions to derive
four spawning stock reference levels: spawners at equilibrium in the absence of fisheries (Seq),
the spawning stock which produced the maximum gain (Sopt), and spawning stocks at a fishing
rate which resulted in 50% and 30% spawning per recruit (50%SPR, 30%SPR). The mortality
rate and life history parameters were assumed as:

e Beverton-Holt stock and recruitment relationship with oo = 0.001 and K expressed as
abundance of age-0 at the end of the summer = 1.5 million fish;

o M = 1.5 for the six months of overwintering for YOY;
e M =1 for age 1 bass;
e M= 0.6 for age 2 and older bass;

e Maturation schedule of males and females (or proportion of bass at age on spawning
grounds); and
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e Fecundity based on mean weight at age.

Sopt (spawners that produce Cusy) was proposed as the recovery limit for the southern Gulf
Striped Bass and spawners for 50%SPR as the recovery objective for directed fisheries. Since
the parameters for the Beverton-Holt compensatory function were not known, simulations under
lower and higher average YOY production (1, 1.5, 2 million; K) and for lower and higher density
independent survival (0.0005, 0.001, 0.002; a) were run. Based on the prior expectation of adult
abundance being in the range of 65,000 and 200,000 bass, the YOY productive capacity of

1.5 million and the density independent survival rate of 0.1% were retained as suitable values
for deriving the reference levels. The Seq value (spawners at replacement in terms of lifetime
egg production) was estimated at 63,000 fish. The proportion female in the spawners was 0.34.

The Sopt value was calculated at 21,600 spawners and the 50%SPR value was 31,200
spawners. These were proposed as the recovery limit and the recovery target, respectively, the
latter being the value for considering any directed fisheries. Compliance rules were also
proposed for assessing whether the population was recovered; for 5 of 6 consecutive years for
the recovery limit and once this was attained, attainment of the recovery target in 3 of 6
consecutive years. It was also indicated that the assessment of spawner abundance relative to
the recovery objectives would be based on the 5" percentile of the annual abundance, keeping
with the premise that there should be a low probability of the abundance indicator being below
the recovery limit (Douglas et al. 2006). The expectation of reasonable abundance, i.e. adult
Striped Bass of 100 thousand, and the recovery objectives were exceeded after 2010.

5.2. FISHERY REFERENCE POINTS

Striped Bass is a valued Indigenous FSC, recreational, and previously commercial fish and it
was assumed that the reference points of interest to DFO Fisheries Management would be used
to manage harvest fisheries. A large number of reference points have been proposed and
discussed in the literature (Goodyear 1993; Mace 1994; Myers et al. 1994; Gabriel and

Mace 1999). We focused on a limited number of possible reference points that could be derived
from equilibrium modelling of maximum sustainable yield, from spawner potential per recruit
(SPR) and reference values based on historical observations.

5.2.1. Methods

Given the iteroparous nature of Striped Bass, the concepts of Maximum Sustainable Yield
(MSY) and associated metrics including Busy (biomass at MSY), Cusy (catch at MSY) and Fusy
(fishing rate at MSY) are relevant. With carrying capacity in units of juvenile stages, Busy is
calculated using the assumed life history characteristics that include a stock recruitment
relationship, natural mortality-at-age, partial recruitment to the fishery at age, weight-at-age,
proportion female spawners at age, and fecundity. Important population dynamics parameters,
in particular the stock and recruitment parameters, were obtained from model fitting to
observations. MSY reference points are derived using an equilibrium model that incorporates
the joint probability distributions of these life cycle model parameters.

Reference points corresponding to Spawner per recruit (SPR) concepts were also considered.
SPR is presented as a proportion of the spawner potential which remains when fished relative to
a population that is not fished (Goodyear 1993). There is no spawner to recruitment function in
SPR calculations. SPR reference point values discussed in literature include: 30%SPR (fishing
rate that reduces the spawner production to 30% of the unfished condition) as a maximum
fishing rate (Mace and Sissenswine 1993; ICES 1997) and 50%SPR (fishing rate that reduces
the spawner potential to 50% of the unfished condition) as a target fishing rate, presented as Fpa
in ICES (2001). These fishing rate reference points can be converted to abundance reference
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points using a stock and recruitment function. Equilibrium modelling is used to calculate the
equilibrium abundance at fishing rates corresponding to 30%SPR and 50%SPR. Spawner per
recruit reference points are derived using the joint probability distributions of the life cycle model
parameters for spawners of ages 3 to 15+.

MSY and SPR reference point are context specific. The reference point values derived depend
not only on the parameter estimates of the population dynamics (survival, prop. recruits to
spawners) but also on the fisheries management scenarios, particularly those that have size
limits for harvest retentions. The size limits, combined with the size distributions at age, define
the partial recruitment at age to the fishery and hence the proportion of the total annual losses
at age attributed to fishing.

We also considered a traffic light approach that relies exclusively on past observations without a
model as a simple and naive alternative to define potential precautionary approach status
zones. The traffic light approach was proposed for the integration of multiple indicators and for
simplifying the communication of information to support management decisions (Caddy 2002).

MSY and SPR abundance reference points are calculated in terms of eggs and converted to
numbers of spawners on the spawning ground of the Northwest Miramichi because this is the
component that is monitored and assessed (DFO 2020).

5.2.2. Upper Stock Reference (USR)

The USR points examined include:

e Spawner abundance at 80% Buwsy;

e Spawner abundance at equilibrium when the stock is fished at F corresponding to 50%SPR;
and

o Traffic light green zone that characterizes a high abundance state.

5.2.3. Limit Reference Point (LRP)

DFO (2009) provides guidance for candidate LRPs. The LRPs examined include:
o Lowest spawner abundance that resulted in recovery of the stock (Brecover);
e Spawner abundance at equilibrium corresponding to 40% Buwsy;

e Spawner abundance at equilibrium when the stock is fished at F corresponding to 30%SPR;
and

o Traffic light reference boundary that defines a zone of low abundance based on history of
assessed values.

Additionally LRPs based on the abundance of spawners (or eggs) that results in 50% of K
(carrying capacity) or 50% of equilibrium asymptotic abundance are also considered:

e Spawner (number) abundance or eggs that result in 50% chance of attaining 0.5 K (at age
3); and

o Spawner (humber) abundance, eggs that result in 50% chance of attaining 0.5 equilibrium
asymptotic abundance (at age 3).

Density dependent effects are assumed to occur during the early life stage, i.e. from eggs to
early summer recruitment. Mortality at all other life stages was assumed to be density-
independent hence K can be defined for any life stage of interest that is first measured. K is
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presented as the spawner abundance at age 3 years, the first age of maturity that is assessed
on the spawning grounds.

Previously, Douglas et al. (2006) summarized the information related to an abundance index of
YQOY from monitoring of catches in the rainbow smelt (Osmerus mordax) open water fishery in
the fall during 1991 to 1998 and a summer beach seine index from 2001 to 2005. The mean
annual catch rate (CPUE) of YOY bass in the open-water smelt fishery was positively correlated
(R = 0.66) to the female spawner estimates derived from mark and recapture and less so for the
total spawner abundance. When female spawner abundance was at or above 5,000 fish, there
was a high YOY index in the fall smelt fishery supporting the premise that spawner abundance
is an important component of recruitment to the fall YOY stage of striped bass (Bradford and
Chaput 1997; Douglas et al. 2006).

Beach seining surveys at five to six index sites of the Miramichi were conducted during 2001 to
2005. Catch per unit effort analyses were restricted to the July sampling period because:

o YOY are readily captured in nearshore habitats of the Miramichi by this time,
e most YOY have not yet extended their distribution outside of the Miramichi system, and
e catches of YOY by beach seine in the Miramichi substantially decreased by August.

Mean CPUE estimates were highly variable between years ranging from a high of 139 YOY per
sweep to a low of 4 YOY per sweep in 2003 and 2004, respectively. Douglas et al. (2006)
indicated that several more years of beach seine data would be required to determine the
correlation between YOY and spawners. The limited data from the Miramichi indicates that
environmental factors may play an important role in year-class success, as shown in several US
studies that have demonstrated that recruitment is largely determined in the first few days after
spawning as a result of variable environmental conditions affecting survival (Richards and

Rago 1999).

5.2.4. Removal Rate Reference Point

The fishing rate reference points considered are:

o Fusy from equilibrium modelling;

o F corresponding to 30%SPR as a maximum fishing rate; and

e F corresponding to 50%SPR as a target fishing rate.

6. DERIVATION OF CANDIDATE REFERENCE POINTS
6.1. TRAFFIC LIGHT APPROACH

The traffic light approach is used to coarsely assign estimates of annual abundance of Striped
Bass to three status zones, or traffic light colours. A substantial amount of work was undertaken
by DFO in the early 2000s to consider what kind of indicators could be used, how to integrate
multiple indicators, and how to establish the thresholds that define the zones (Halliday 2001;
Halliday and Mohn 2001). Halliday and Mohn (2001) discuss a number of considerations for
setting boundaries including the scale of the indicator (natural scale vs log scale) and how the
observations considered may change the boundary thresholds.

The 24 year time series of spawner abundance estimates for the period 1994 to 2019 is
characterized by an approximately monotonic increase in abundance. We were interested in
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aggregating the time series of spawner abundances into three status categories roughly
equivalent to critical, cautious, and healthy zones of the PA.

6.1.1. Methods

The categories, defined as the centroids for three groups of observations, were estimated using
the optimization function “kmeans” in R. This R utility uses an objective function that minimizes
the sum of squares of individual points to the assigned group centers.

We examined how the definition of the groups depended on three considerations:
¢ the scale of the observations i.e. the natural scale versus the log scale;
o the effect of excluding the exceptional 2017 observation on the estimates of the groups; and

o the variability of the attribution of status based on the time series of observations
considered. The change in estimated group centroids and the attribution of the annual
observations to status zones is examined beginning with the 1994 to 2008 time series and
sequentially adding one year to the data series to 2019 (excluding 2012 with no data).

Proxy values equivalent to the boundaries between the critical and cautious zones (LRP) and
between the cautious and healthy zones (USR) were calculated as the means of respectively
the lower and middle centroids and the middle and upper centroids.

6.1.2. Results

Log transformation versus the natural scale for observations prior to optimization of three group
centroids has a large effect on the assignment of status and the calculation of proxy reference
values (Figure 6.1). Using the entire time series of assessment values (medians) from 1994 to
2019 (excluding 2012), the interpretation of status is as follows (Figure 6.1, upper row):

o Based on the log scale, the abundance was in the critical zone during 1996 to 2000, has
been in the healthy zone since 2011, and was in the cautious zone in all other years.

e Based on the untransformed values, the abundance was in the critical zone during 1994 to
2010 as well as in 2012, and has only been in the healthy zone in 2017.

e Following on this, the proxy LRP based on the log transformed data would be 13 thousand
spawners compared to 162 thousand spawners based on untransformed data.

e The proxy USR values are similarly different, at 105 thousand based on log transformed
values and over 600 thousand based on the untransformed values.

There is a large effect on the interpretation of status zones for individual years with incremental
additions to the time series of observations (Figure 6.1, middle rows):

e There is similar interpretation of status, based on log transformed data and untransformed
data, when the status categories are defined based on the initial short time series of
observations, 1996 to 2009. In both cases, the population was assigned to the critical zone
during 1996 to 2000, and to the healthy zone during 1994, 1995, 2007 to 2009.

e Sequentially adding a year to the analyses has the largest effect on the interpretation of
status when the observations are on the natural scale. The status of the 1994, 1995, and
2007 to 2009 assessed years declines from healthy, through cautious and into critical as
observations for the 2011, 2013 to 2015 assessment years are included in the estimation of
groups.
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The interpretation of status is however much more stable when the observations are log-
transformed prior to assignment to groups. At most, the status for some years declines from
healthy to cautious.

In almost all cases, the status changes from healthy to cautious or cautious to critical. It is
never consistently in the opposite direction. This is expected given the almost monotonic
increase in assessed abundance of this population during the period 1996 to 2019.

The proxy LRP values based on the log transformed data are in the same range based on
the initial 15 years of data (10 thousand fish) compared with the entire time series

(13 thousand fish). This is not the case when the untransformed data are used; an LRP
proxy value of 13 thousand fish is calculated for the initial 15 year time series whereas the
proxy LRP value based on the entire time series is more than a factor larger, at

162 thousand fish.

The proxy USR values are similarly different, based on the transformation or not of the
observations. Based on the initial 15 year time series, the proxy USR values are
approximately similar between the data treatments (36 versus 43 thousand for log
transformed and untransformed, respectively). Using the entire time series, the proxy USR
values increase to 105 thousand for log transformed and over 600 thousand for the
untransformed data.

The assessed median abundance of spawners of 990 thousand fish is an exceptional
observation in the relatively short time series of assessment. Excluding the 2017 observation
has interesting consequences on the assessment of status and the derivation of proxy reference
values (Figure 6.2):

The status zones and the interpretation of status for the initial time series are not affected by
excluding the observation for the 2017 assessment year because the groups are defined
based on data from 1994 to 2009.

For the time series extending from 1994 to 2019, the interpretation of status and the
calculation of the proxy reference values based on the log transformed data are essentially
similar whether 2017 is included or excluded. The proxy LPR values are 10 thousand when
2017 is excluded versus 13 thousand when 2017 is included. The proxy USR values are
87 thousand when 2017 is excluded versus 105 thousand when 2017 is included.

In contrast, for the observations on the natural scale, the interpretations of status through
time and the calculation of proxy reference values are sensitive to the inclusion versus
exclusion of the 2017 value. Note that when the 2017 data point is included, the upper
centroid and zone are defined exclusively by the single observation of 2017. When 2017 is
excluded, the upper centroid is defined by 6 observations (Figure 6.2). When 2017 is
excluded, the interpretation is that the population was in the critical zone during 1996 to
2006 and has been in the healthy zone since 2011 with the exception of the assessed
abundance in 2014. The proxy LRP value for the whole time series is 44 thousand fish when
the 2017 observation is excluded (Figure 6.2), compared to 162 thousand fish when the
2017 observation is included (Figure 6.1). The proxy USR value is similarly strongly affected
by the 2017 observation; when the 2017 observation is excluded, the proxy USR value is
181 thousand fish in contrast to a proxy USR value of 639 thousand fish when the 2017
point is included (Figures 6.1, 6.2).
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6.2. EQUILIBRIUM MODELLING

Equilibrium modelling is used to simulate predicted abundances at age and overall for different
fishing rates. The equilibrium model uses the same life cycle equations as in the estimation
model (section 3) with modifications as described in the next sections. Values of the population
dynamics and life history parameters are taken from individual MCMC draws from the joint
posterior distribution from the population model. The model in its equilibrium form is coded in R
with runs forward 150 years to ensure attainment of equilibrium conditions, at fixed levels of
fishing and for specific management regimes.

Maximum sustainable yield (MSY) is derived by searching over a range of fully-recruited F for
the fishing rate (Fusy) that results in maximum yield (in weight). Biomass at MSY (Bwsy),
spawner abundance (number of fish) at Busy, catch (Cusy; in number and weight), and age
structure of the catch and of the spawners at MSY are retrieved from the simulation outcomes.
Management strategies based on size limits are also examined with the model.

The MSY values are provided for the abundance (humber, biomass) of spawners (ages 3 to
15+) on the spawning ground, thus the values do not represent the entire population as not all
Striped Bass of ages 3 to 15+ are considered to be present on the spawning ground. The
spawning period (May) is considered to be the start of the year.

6.2.1. Natural Mortality (M) At Age

Estimates of M at ages 3 to 15+ are required for the equilibrium analysis to derive fishing rate
and MSY reference values.

In the age structured population model, applied to the estimated spawner abundances at age for
the years 1996 to 2019, Z at age is estimated for ages 3 to 8, with Z at ages 9 to 15+ being set
equal to Z at age 8. These are estimates of total mortality (sum of natural mortality and fishing
mortality) as there were fisheries removals of Striped Bass over the entire time series, despite
the closures of all harvest fisheries between 2000 and 2012 (DFO 2011).

Based on acoustic tagging and tracking data, estimates of instantaneous mortality rates (2)
were 0.41 (median) during the period 2003 to 2009 and 0.22 (median) during the period 2014 to
2018 (Section 3.6.2.2; Figure 3.10). It is not possible to partition the natural mortality rates from
fishing mortality rates with these data however considering that fishery removals would have in
part contributed to the estimated mortalities, the instantaneous natural mortality rate of adult
sized (> 47 cm) Striped Bass would not be greater than 0.2.

In the coastwide assessment model for Striped Bass of the eastern seaboard of the US, M for
adult bass age 4 and older is set at 0.15 (NEFSC 2019).

For purposes of equilibrium modelling and to define reference points, two scenarios for M were
examined:

o Assuming M = Z as derived from the population model for ages 3 to 15+ (Figure 4.3);

e M at age 3 based on Z from the population model and M for ages 4 to 15+ from acoustic
tagging information (M = 0.20 with a 5" to 95" percentile range of 0.13 to 0.28 based on S ~
beta(82,18)).

6.2.2. Fishery Selectivity at Age (sa)

Fishery selectivity at age (sa) to fully-recruited F is determined using the predicted fork length
distribution at age from the von Bertalanffy model and relative to a defined management
strategy based on fork length (Table 6.1). The proportion of the age group vulnerable to the
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fishery was calculated as the proportion of the area under the normal density curve contained
within the lower and upper size retention limits. The proportion of the area at age is calculated
as (in R code):

Sq = pnorm(FL.max, u. flg, sd,) — pnorm(FL.min,u. fl,, sd,)

with

Sa being the selectivity at age a (range 0 to1) to fully-recruited fishing rate ,

FL.max and FL.min are the fork length size limits (cm) for a specific management strategy,

u. fl, = mean fork length (cm) of bass at age a at the time of fishery taken as mid-season, and
sd, = mean standard deviation of the mid-season size distribution at age a (Figure 6.3).

For a management strategy with no size limits, a minimum size of 30 cm was assumed to be the
smallest sized bass that would be retained. If there is no maximum size limit defined, FL.max
was set to 150 cm.

6.2.3. Catch Equation

The standard Baranov catch equation was used to calculate the number and weight of fish lost
due to fishing activities, assuming F and M occur simultaneously, i.e. between May and
October. It is assumed that a fish that is captured and within the management size limit is
retained, all other fish are released.

Total loss of fish at age resultant of fishing includes fish retained and harvested and fish lost due
to catch and release mortality. A catch and release mortality rate of 9% is assumed
corresponding to the catch and release mortality value used in the coastwide assessment of
Striped Bass of the eastern seaboard of the US (NEFSC 2019).

s',F

FLoss.Ny = N * (1 — e~ (Ma*+s'aF)y m
with

FLoss. N, the number of bass at age a that die from fishing activities,

N, the estimated recruitment abundance (sexes combined) of bass at age a,

M, is the natural mortality at age a,

F is the fully recruited fishing rate,

s'a = s+ (1 — s,) *A.CR, s, is the vulnerability at age to fully recruited F, and A.CR is the
catch and release mortality rate set at 9% when losses from catch and release are accounted
for in the model. Setting A.CR = 0 is equivalent to ignoring mortality from catch and release.

Yield in terms of retained catches, to define maximum sustainable yield, is calculated as:

sqoF

C.N.= N 1— e~ MatsigF)y "¢
a a * ( e ) * SIaF + Ma

with

C.N, the retained catch in number at age a, and other components as described above.

C.Wt, = C.N, * u.wt,

with

C.Wt, is the retained catch weight-at-age a, and u.wt, is the mean weight at age a at the time

of the fishery (mid-year) based on w. f1,.
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6.2.4. Equilibrium Modelling Results

An example of the equilibrium modelling results and the reference values from model 5 is
presented in Figures 6.4a to 6.4d. For illustrative purposes, the management strategy
corresponding to no size limits and no accounting for catch and release mortality (A.CR = 0) is
considered the default strategy. The summaries are presented for the assumptions on M of
Striped Bass aged 3 to 15+ and include:

e Plot of survival rates at age (eM) assumption;

o Plot of proportions of recruits at age that become spawners;

o Plot of selectivity at age to fully recruited F (s,; specific to a management scenario);
e Plot of catch at age proportions at F = (Fusy, 50%SPR, 30%SPR);

o Plot of age distribution of recruitment at F = (0, Fusy, 50%SPR, 30%SPR); and

¢ Plot of age distribution of spawners at F = (Fusy, 50%SPR, 30%SPR).

MSY estimation summary outputs include:

e The equilibrium total recruitment abundance (ages 3 to 15+) over a range of fully recruited
fishing rates;

e The equilibrium total spawner abundance (ages 3 to 15+) over a range of fully recruited
fishing rates;

e Yield in weight over a range of fully recruited fishing rates;
¢ Yield in number of fish over a range of fully recruited fishing rates; and

e Posterior distributions (boxplots) of Cusy (weight), Cusy (number), Fusy, Busy (recruitment),
Busy (spawners), and eggs at Busy.

lllustrative plots of abundance (number of fish) trajectories over 150 years including:
e Predicted total recruitment at F=0 and F= 0.09; and
¢ Predicted recruitment at age-3 at F = 30%SPR and F = 50%SPR.

6.2.4.1. Equilibrium results for model 5 and model 4

Equilibrium modelling results based on life history parameter inferences from model 5 are
summarized in Table 6.2a and Figures 6.4a to 6.4d. Results for model 4 are summarized in
Table 6.2b. Abundances are summarized in terms of total abundance for ages 3 to 15+, referred
to as recruits, and in terms of spawners which would be the component assessed on the
spawning grounds (DFO 2020). The spawner abundance values are lower than the total
abundance because not all fish at ages 3 to 15+ are spawners. Fishing occurs on recruitment,
or total abundance, and catch and fishing rate references refer to the removals and removal
rates from the entire stock.

As expected, total equilibrium recruitment abundance (ages 3 to 15+) is higher for the
equilibrium model with lower assumed values of M at age and abundance decreases with
increasing fishing mortality rates (Figures 6.4b, 6.4c; Tables 6.2a, 6.2b). The yield curve is not
symmetric, rising more steeply on the ascending limb at F less than Fusy and declining more
slowly on the decreasing side of the yield curve (Figure 6.4b). The equilibrium abundances and
yields have large uncertainty, due to the combined uncertainties in the life history parameter
estimates from population modelling.
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Maximum lifetime reproductive rate, defined as the cumulative production of recruits at age-3 in
absence of density-dependent compensatory survival over the lifetime of a spawner (sexes
combined), is 15.7 fish (median; 5" to 95 percentile range 11.1 to 23.0 fish) for the lower M at
age values, and 5.0 fish (median; 5" to 95 percentile range 3.7 to 7.5 fish) for M=Z from
population model 5 (Table 6.2a). Approximately similar values are calculated from model 4
(Table 6.2b).

Fusy values are similar for the equilibrium models with differing assumptions for M (Figure 6.4b;
Tables 6.2a, 6.2b). The population crashes (N <= 100 fish) when fully recruited F exceeds 0.70
(M =Z, panel A) and 0.87 (for lower values of M, panel B; Figure 6.1a; Table 6.2a). Spawner
per recruit fishing rate reference values of 30%SPR and 50%SPR are higher for the model with
higher values of M (panel A, Figure 6.4d). F at 30%SPR is higher than Fusy for both scenario
values of M. Approximately similar values are calculated from model 4 (Table 6.2b).

The age structure of the population is modified by the fishing activity, with a strong bias towards
younger ages in the total population and in the spawners:

¢ the higher the fishing rate, the faster fish die because mortality at age is the sum of fishing
mortality and natural mortality;

¢ as fishing rate increases (for a constant M), the age structure of the spawner population gets
younger, the mean weight of spawners decreases, and because younger fish have a lower
proportion female as spawners (before age 6), the number of eggs per spawner declines.

The MSY and SPR reference values are higher for model 5 compared to model 4 (Figure 6.5).
Based on M for ages 4+ inferred from observations, Busy from model 5 is approximately twice
as high compared to the estimate from model 4. Fusy estimates of F = 0.17 are similar between
models resulting in higher Cusy values, by a factor of two, from model 5 compared to model 4
(Tables 6.2a, 6.2b; Figure 6.5).

6.2.5. Reference Points From Equilibrium Modelling
6.2.5.1. Reference points dependent on assumptions for M

MSY reference values and reference points derived from equilibrium modelling are dependent
upon the assumptions of natural mortality. The reference points are defined in terms of the
number of spawners on the spawning grounds, the life stage and time period corresponding to
the assessments (DFO 2020). The following summaries present the results from models 4 and
5 for the default fishing strategy with no size limits for retention and no accounting for catch and
release mortality (Table 6.3a, 6.3b).

The USR values (80%Bwsy, abundance at 50%SPR) from the equilibrium model are higher for
the scenario with lower assumed natural mortality rates (Tables 6.3a, 6.3b). For model 5,
spawner abundances at 80%Bwsy are 530 thousand fish for the M = Z scenario and 1.2 million
fish for M based on observations. The spawner abundances corresponding to 50%SPR are
higher yet, at 620 thousand and 1.8 million fish for scenarios of M = Z and M based on
observations, respectively (Table 6.3a). In all cases, the uncertainties for the reference values
are large.

USR values from model 4 with M based on observations are comparatively lower than those
from model 5, at 720 thousand for 80%Bwusy and 1 million for 50%SPR (Table 6.3b). The
uncertainties for these reference points are equally high as in model 5.

The values of the respective candidate LRPs differ substantially. Brecover, the lowest spawner
abundance from which the stock recovered, is calculated as the mean estimated abundance for
the period 1996 to 2000, which was 4,500 spawners (Figure 3.2; Table 6.3a). This contrasts
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sharply with the values for spawners at 40%Bwmsy and spawners that produce half of asymptotic
equilibrium abundance. For model 5 with M inferred from observations, these candidate LRPs
equal 700 thousand and 510 thousand spawners, respectively (Table 6.3a). There is large
uncertainty in these estimates. LRP values from model 4 with M informed from observations are
lower by just under half compared to model 5 values, 420 thousand and 300 thousand, for
40%Bwmsy and half asymptotic abundance respectively (Table 6.3b).

Differences in reference point values in currencies of fish between the two scenario
assumptions on M are consistent with the consequences to the age structure of the spawners
as affected by fishing and conditioned by assumptions on M. For example, the 40%Bwusy
spawner abundance for the scenario with M = Z in model 5 is less than half the value for the
scenario with M informed from observations (Table 6.3a).

Spawner per recruit fishing rate reference values at 30%SPR and 50%SPR are higher for the
model with higher values of M (Table 6.3a). F at 30%SPR is higher than Fusy for both scenario
values of M. For this management strategy without size limits on retention, fully-recruited F at
MSY is 0.17, compared to F = 0.12 for 50%SPR, and F = 0.24 for 30%SPR (Table 6.3a).
Fishing rate reference values are similar for model 5 and model 4 (Tables 6.3a, 6.3b).

6.2.5.2. Reference points dependent on fishing strategy

Fishing strategies have a consequence on the reference point outcomes in terms of numbers of
fish because fishing changes the age structure of the population at equilibrium relative to the
unfished condition. Reference point values based on the life history and population dynamics
parameters of model 5 are summarized in Table 6.4a and values for model 4 are presented in
Table 6.4b, both with the assumption on M for ages 4 to 15+ informed from observations. Three
potential fishing strategies are contrasted with all three excluding catch and release mortality.

The choice of the USR can be based on objectives related to fishery outcomes, consistent with
principles of the Precautionary Approach which states that the USR value would be determined
by productivity objectives for the stock, broader biological considerations, and social and
economic objectives for the fishery (DFO 2009). The values from model 5 corresponding to
80%Bwmsy range from 940 thousand to 1.2 million spawners, dependent upon the fishing strategy
with near complete overlap of the 5" to 95" percentile ranges among the three fishing
strategies. For model 5, the USR corresponding to 80%Bwsy ranges from 960 thousand to

1.2 million spawners (Table 6.4a). For model 4, the USR corresponding to 80%Bwmsy ranges
from 570 to 720 thousand spawners, dependent on fishing strategy (Table 6.4b).

Other than spawners for 40%Bwsy, the candidate LRPs examined and corresponding to the life
history characteristics of Striped Bass from the southern Gulf, are generally invariant to fishing
strategy. Brecover is not affected by fishing strategy, being based upon similar years of
abundances and independent of fishing strategy simulations. The eggs for half of asymptotic
abundance to age 3 are unaffected by fishing strategy because it is assumed that eggs are
equivalent regardless of age of spawners and fish younger than age 3 years are generally not
subject to fishing mortality and are not spawners. Differences in spawner numbers for half
Beverton-Holt K and half equilibrium asymptotic abundances among the fishing strategies are
due to the effects of fishing that modifies the age structure of spawners toward younger ages.
Spawners for half of asymptotic equilibrium abundance from model 5 are approximately

500 thousand spawners, with large uncertainty, such that there is essentially no difference in the
number of spawners among the fishing strategies (Table 6.4a). For model 4, spawners for half
asymptotic abundance are quite similar among fishing strategies, rounded off to 300 thousand
spawners (Table 6.4b).
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We cannot make a compelling argument for using spawner abundance at F corresponding to
30%SPR as a LRP. In these analyses, spawner abundances at 30%SPR are higher than
spawner abundance at 80%Bwsy.

Fully-recruited fishing removal reference values are very dependent on the fishing strategy and
any choice of a removal rate reference would be specific to the fishing strategy for the stock.
The exploitation rates on total recruits, aged 3 to 15+, vary from 14% with no size restrictions, to
18% for the slot limit of 47 to 61 cm fork length to 20% for the maximum size limit of 65 cm
(Tables 6.4a, 6.4b).

6.2.5.3. Reference points accounting for catch and release mortality

The effects of including or excluding catch and release mortality on MSW reference values are
generally inconsequential in these analyses given the large uncertainties in population dynamics
(Table 6.5). The only exception is the estimate of Fysy for the management strategy with a slot
size of 47 to 61 cm which is higher when catch and release mortality is excluded compared to
when it is included (Table 6.5).

When catch and release mortality is included, MSY values are lower than if catch and release
mortality is excluded, i.e., similar to assuming higher natural mortality on the population

(Table 6.5). Of the two management scenarios examined that have catch and release
implications, the scenario with a slot size of 47 to 61 cm fork length has the largest proportional
loss of fish through catch and release and the largest relative decrease (14%) in the retained
catch at MSY. The retained catch represents 86% of total fishery losses for the management
strategy with a slot size of 47 to 61 cm, 97% for the strategy with a maximum size limit of 65 cm,
and no effect for the management strategy without size limits for retention.

Catch and release effects as modelled here do not fully account for recreational fishing
practices in the southern Gulf and would underestimate the consequences of the practice on the
resource. The recreational fishery for Striped Bass in the southern Gulf has a large component
of catch and release, in part due to the mandatory slot size restrictions for retention and the
fishing practices of individual anglers that favour a lot of angling activity without intent to retain.
There is a community of recreational users that practice catch and release regardless of the
retention allowances; they will catch and release fish that are within the retention limits and at
peak periods of aggregation during the spring and fall some anglers have reported catching and
releasing upwards of 100 fish or more per daily fishing trip (see Section 2.2). The analysis of
consequences of these fishing practices on MSY and other reference values would require a
different model and data inputs.

6.3. CONCLUSIONS ON REFERENCE POINTS

6.3.1. MSY and SPR Based Reference Points From Population Modelling

We used equilibrium modelling to explore candidate reference points based on life history and
population dynamics parameters informed from a population model for Striped Bass of the
southern Gulf of St. Lawrence. A priori, two population models with a Beverton-Holt stock and
recruitment function with density-dependence occurring between the egg and age-0 life stage in
the summer are considered for estimation of MSY reference values. The two models differ in the
prior assumptions for the density independent survival from age-0 to age-3, 3 year olds being
the first age group that is monitored as spawners. The two model variants provide similar
estimates of lifetime reproductive rate to age-3 in the absence of density dependent
compensatory mortality, however the estimates of carrying capacity at age 3 differ by a factor of
two between the models. This has consequences on the derivation of reference points and we
present candidate reference point values for both models (Figure 6.8) and suggest a choice of
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reference points based on population trajectory over the past two decades and the risk to
population sustainability and persistence.

Information on natural mortality (M) at age is crucial in the equilibrium model and reference point
calculations. The expectation from life history theory is that natural mortality is inversely related
to size, and hence age. Based on sequential observations of acoustically tagged and tracked
Striped Bass, instantaneous natural mortality for adult bass >= 47 cm fork length is concluded to
be less than 0.2, equivalent to an annual survival rate of 0.82 or higher. Population modelling
also indicates a relatively high annual survival rate of 0.77 (median) for Striped Bass aged 8 and
older but with large uncertainty (5" to 95" percentile range 0.44 to 0.93). A relatively high
survival rate (median = 0.67; percentiles range 0.47 to 0.86) is estimated for fish at age 3 years,
an age and size group that may be outside the size preference for retention in historical and
contemporary fisheries. For purposes of equilibrium modelling and MSY reference calculations,
M for Striped Bass aged 4 and older is assumed to be 0.18 (5! to 95™ percentile range of 0.13
to 0.28) and M for younger ages are taken from population model estimates.

Fishing strategies can have a consequence on the reference point outcomes in terms of
numbers of fish because fishing changes the age structure of the population relative to the
unfished condition. An USR point conditional on a fishing strategy is consistent with principles of
the Precautionary Approach which states that the USR value could reflect socio-economic
considerations, for example reference points that consider maximizing yield, in terms of weight
or in terms of number of fish harvested. Of the two USR candidates discussed above, the
spawner abundance corresponding to 80%Bwusy has been most frequently used in fisheries
management and examples from marine fish and invertebrates assessments and management
abound.

To conform to the principles of the PA policy, the LRP should be determined by biological
considerations and thus preferably be invariant to fisheries exploitation strategies. LRP
candidates including 40%Bwmsy and abundance at 30%SPR are not invariant to fishing strategy.
Candidate LRPs that are invariant to fishing include Brecover (although not entirely) and
reference points associated with egg abundances that result in half of Beverton-Holt carrying
capacity or half of maximum asymptotic abundance of recruitment at age-3.

Brecover, the lowest historical spawner abundance that did not prevent rebuilding of the
population, is quite clearly the low spawner abundances estimated during 1996 to 2000, at a
mean value of just under 5,000 spawners (Figure 3.2; Table 6.4). The fact that the Striped Bass
population of the southern Gulf was able to monotonically increase from those low abundances
to several hundred thousand spawners in less than 20 years reflects the improved survival
conditions of juvenile and adult Striped Bass over this period. The carrying capacity for this
population, as estimated from modelling assuming a Beverton-Holt stock and recruitment
relationship with M < 0.2 for bass aged 4 and older and no fishing is estimated to be 2.7 to

4.7 million fish aged 3 to 15+, with the abundance of spawners at 1.8 to 3.1 million fish,
dependent on model (Tables 6.2a, 6.2b). A Brecover value of 4,500 spawners represents 0.1%
to 0.2% of this estimated unfished equilibrium value (Bo), substantially less than proposed LRP
values equivalent to 20% of the unfished abundance at equilibrium (Myers et al. 1994; DFO
2009). A reference value equivalent to 20%Bo would be in the range of 360 to 620 thousand
spawners. Despite the abundance of spawners having been as low as 5 thousand spawners in
recent history, given the indications of the potential size of this unfished population Brecover
does not seem appropriate.

Candidate LRPs defined in terms of spawners or eggs that result in half asymptotic abundance
(Myers et al. 1994) have been applied to Atlantic Salmon populations in eastern Canada
(DFO 2015b). These candidate LRPs can be invariant to fisheries management strategy if the
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recruitment stage being maximized is not subject to fishing mortality and if the spawning stock is
expressed in terms of eggs. They are however modified by fishing strategy when expressed in
terms of number of fish. This is because fishing strategies modify the age and size structure of
the spawning population; regardless of strategy, fishing disproportionally reduces the relative
abundance of older fish resulting in a younger mean age of spawners and consequently fewer
eggs per spawner. The LRP and the assessment of attainment of the LRP could be presented
in currencies of eggs. This is a trivial exercise for the most part as biological characteristics of
the spawners have been obtained annually and the quantity of eggs spawned could be
calculated using the same life history characteristics as were used to derive the reference
points.

Fusy and F at 50%SPR are potential candidate removal rate references but their values depend
on the fisheries management strategy. These removal rate references are expressed in terms of
fully recruited instantaneous fishing rates which are not easily understood. The fully recruited
fishing rate values were converted to exploitation rates, calculated as the ratio of catch at MSY
to total abundance at MSY for ages 3 to 15+. The fishing strategy without any size limits has the
lowest exploitation rate at Fusy of 14%, whereas the strategy with a maximum size limit of 65 cm
fork length result in an exploitation rate at Fusy of 20%, with an intermediate rate of 18% for the
strategy with a slot limit of 47 to 61 cm fork length (Table 6.4). Exploitation rate at Fusy for the
three fishing strategies of this population of Striped Bass is at or less than the assumed annual
natural mortality rate of 18% (1-e™).

6.3.2. Proxy Reference Points Based on Traffic Light Approach

The Striped Bass stock of the southern Gulf of St. Lawrence has demonstrated a monotonically
increasing abundance trajectory, with an annual rate of increase during 1996 to 2019 of 25%.
Candidate reference points based exclusively on past observations and independent of a
population dynamic model are attractive. Note that Brecover is such a reference point. However,
such reference point definitions are dependent on a number of less desirable considerations
including whether the data are log transformed, the time series of observations considered, and
the inferences may be sensitive to outlier / exceptional observations. Overall, reference points
defined on observations which are log transformed prior to cluster identification were less
dependent upon time series considerations (Figure 6.1) and less sensitive to exceptional high or
low observations (Figure 6.2) than those based on the natural scale. Using the entire time series
of observations, the proxy reference points derived from log-transformed data are 13 thousand
and 105 thousand for the LRP and USR respectively. Based on the natural scale of
observations and conditional on there being at least five observations within individual clusters,
which is the case when the 2017 value is excluded, the LRP and USR are 44 thousand and

181 thousand spawners, respectively (Figures 6.1, 6.2).

This is not a good approach as the decisions on scale of data to use are subjective and there is
instability in reference values as additional years are added. The approach may have more
utility if the time series of observations included the full range of potential abundances of the
stock to define the groups

6.3.3. Summary of Candidate Reference Points and Corresponding Stock Status

The fishery decision-making framework that incorporates the precautionary approach

(DFO 2009) was developed to guide management of fisheries exploitation in order to reduce the
risk of the stock falling into the critical zone and that promotes growth of the resource into the
healthy zone. As the intention within the policy is to avoid the stock falling to the LRP and the
critical zone, the objective is not to manage the stock to the LRP.
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The proposed candidate reference points in terms of eggs and approximate spawner
abundance number equivalents are summarized in Tables 6.4a, 6.4b (DFO 2020). Consistent
for both model 4 and model 5, the model derived USR value is two times the LRP value. The
stock status relative to these model derived reference points, over the period of assessment
1994 to 2019 is shown in Figure 6.6. The spawner abundance has been in the healthy zone
only once (in 2017) and dependent on the model, the spawner abundances were either above
the LRP and below USR (model 4) or at approximately the LRP (model 5) since 2013.

There is no consensus LRP value from the two retained models; whereas the modelled LRP
values are 17.3 billion eggs, equivalent to 330 thousand spawners from model 4 and 30.0 billion
eggs, equivalent to 560 thousand spawners from model 5. Based on the trajectory of the
population over the relatively short period of assessment, maintaining a spawner abundance
that exceeds 330 thousand spawners should be more than sufficient to avoid serious harm to
the population.

The carrying capacity for the Striped Bass population from the southern Gulf of St. Lawrence is
unknown. Modelling informed by observations from this population suggests total abundances
of age-3+ Striped Bass at Busy of 1 to 2 million fish with abundances at Busy of 860 thousand to
1.5 million spawners. Potential removals when the stock is at Busy are in the range of 200 to
400 thousand fish annually.

As an alternative, the posterior distribution of the spawner assessed values could be used to
assess the probabilities of the spawner abundances being below the LRP or above the USR.
From looking at the distribution of boxplots relative to the point estimates of the LRP and USR in
Figure 6.6, one can see that the probability of the assessed spawner abundance being below
the LRP is > 75% for all years except in 2017 for the reference derived from model 5 but the
probability is just under 50% since 2015 for the LRP derived from model 4. Similarly, the
probability that the spawner abundance was above the USR in 2017 was just over 50% for
model 4 but < 75% relative to reference points from model 5. This interpretation of status that
incorporates the uncertainty in the assessed abundance relative to point estimates of reference
points would conform to the directives of the Precautionary Approach policy for characterizing
uncertainty and risk.

In the eastern US Striped Bass assessment, a number of reference points have been defined
and used to assess the status of the stock. A spawning stock biomass reference point
(SSBrhreshold) is defined as the assessed female SSB for 1995 when the stock was declared
recovered with an expanded age structure. The revised value from the most recent assessment
is an SSBrhreshoid Value of 91,436 t (NEFSC 2019). An SSBrarget is also defined, equivalent to
125% of the female SSBrhreshold, €quivalent to 114,295 t (NEFSC 2019). Fishing mortality
threshold and target values are also defined based on the fishing rate applied to the current
estimate of SSB that results in SSBrhreshoid and SSBrarget. These values, from the recent
assessment, are Frnreshod = 0.24 and Frarget = 0.20.

6.3.4. Guidance on Choice of Reference Points and Management Strategies

The first consideration for the development of the PA framework is the definition of the LRP. The
recent fisheries management history is informative of the management decision making process
and provides insights into what could be a publicly acceptable LRP. Fisheries access was
responsive to the rebuilding of the Striped Bass population beginning initially with the re-opening
of the Indigenous FSC fisheries in 2013, the retention recreational fisheries in 2014, and a pilot
commercial fishery in 2018. The re-opening of the Indigenous fishery occurred following the
conclusion that the population had first met both the limit and target recovery objectives in 2011,
at a median abundance of 200 thousand spawners and a 5" percentile value of 90 thousand
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spawners (DFO 2013), values of abundance corresponding to the LRP value from one of the
models and consistent with a harvest decision rule that allows fisheries exploitation when the
stock is above the LRP. A cautious recreational fisheries strategy (two short retention seasons,
1 fish per day, slot size limit of 55 to 65 cm TL) was chosen in 2014 following on the 2013
median spawner assessment value of 250 thousand fish. Further increases in abundance in
2015, to a median estimate of 300 thousand spawners, resulted in an extended retention period
in the recreational fishery for 2016. The largest change in the recreational fishery occurred in
2018 with an authorization to retain 3 fish per day within a slot size of 50 — 65 cm TL; this
increased access followed on the exceptional return estimate in 2017 of just under 1 million
spawners. The pilot commercial fishery was also first authorized in 2018.

The risk to the Striped Bass stock of an underestimate of the LRP from either the population
models (330 to 560 thousand) is considered low. The lowest spawner abundances of the late
1990s did not preclude the rebuilding of the population at an average rate of 25% per year.
Curtailing fishing mortality was an important factor in this rebuilding, with assessed abundances
of recent years that are almost two orders of magnitude higher than the lowest assessed values
of the late 1990s. This increase in abundance was sustained even with increased fisheries
access beginning again in 2013. However, Brecover is not prudent as a LRP, given that its
value of < 5 thousand spawners is less than 1% spawners at By, regardless of the population
model considered, and would certainly place it in the at risk criterion for small population size
used by COSEWIC. COSEWIC (2004) assessed the Striped Bass population as threatened
despite the more recent abundances at that time that exceeded 20 thousand spawners.

An USR value of 720 thousand to 1.2 million spawners is seemingly within the scope of
potential spawner abundance for this population. A healthy stock would minimally be at a
population abundance that exceeds 720 thousand spawners (80%Bwsy under model 4). This
may be an underestimate of the production potential of this population, as indicated by outputs
from model 5, however full exploitation to rates equivalent to Fusy and potential removals at
MSY (Cwmsy) would likely only be considered once the trajectory of the population abundance
had placed it in that healthy zone. When this does occur, a re-assessment of population
dynamics with additional observations could be undertaken to determine the appropriateness of
the defined USR. The 2017 value of just under 1 million spawners was exceptional, and the
decline in 2018 and 2019 to estimated values of just over 300 thousand spawners provides a
cautionary note on the variations in size of the stock under new population dynamics conditions
(extensive migration of Striped Bass beyond its historic distribution range with associated
mortalities) and increasing fisheries exploitation. Some of the annual variation in abundance
estimates are also likely related to the difficulties and uncertainties in assessing the abundance
on the spawning grounds, i.e., year effects.

At a LRP value of 330 thousand spawners and an USR value of 720 thousand spawners, we
note that increasing fisheries access on Striped Bass from the southern Gulf has been provided
during a period when the stock has been situated in the cautious zone (with exception of 2017)
but with a trajectory of increasing abundance towards the healthy zone.

If the assessed abundance was to increase above a proposed USR value of 720 thousand fish,
this may result in requests for new and alternative fisheries access. The fisheries exploitation
potential on this species is high. Historically and even now, Striped Bass are readily captured in
large numbers in gaspereau trapnets in the spring during the spawning aggregations in the
Miramichi; catch rates (fish per trapnet per day) in 2017 exceeded several thousand fish per net
haul (Figure 3.1). Striped Bass are also reportedly captured in gaspereau fishery trapnets in
other estuaries of DFO Gulf New Brunswick.
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The recreational fishery is increasing in popularity throughout the Gulf of St. Lawrence including
into the western portion of the Gulf. The current recreational fisheries management plan for
Striped Bass in the Gulf is very generous, i.e. aggressive, relative to management of the Striped
Bass stocks of the eastern US. The retention season extends from mid-April to the end of
October, essentially the open water season, with a daily retention and possession limit of three
bass within a defined slot limit. In the eastern US, there is a diversity of management measures
tailored to stock units and management sectors, with fishing area specific seasons, daily limits
and size limits for retention, however, daily retention limits along the entire eastern US seaboard
are either one or two fish per day (ASMFC 2019). In the southern Gulf Striped Bass fishery, the
pool of recreational anglers is unknown and unrestricted since there is no licence requirement to
fish in tidal or marine waters. Relaxing the slot limits may provide more opportunity for individual
anglers to retain the daily limit however in the absence of catch and effort data and monitoring
of the recreational fishery, it is not possible to assess the extent to which the current
recreational fisheries rules are limiting the harvests of Striped Bass in the recreational fishery.

A slot size is currently used in the recreational (and pilot commercial) fishery for Striped Bass
which inevitably leads to catch and release of fish that are outside the slot for retention. Catch
and release fishing is likely to be practiced regardless of size limit strategies. According to creel
survey data and from anecdotal reports, some anglers in the southern Gulf will release upwards
of 100 fish or more in a daily fishing trip particularly when bass are aggregated prior to or at
spawning time in the Miramichi River. A catch and release mortality rate of 9% is used in the
coastwide Striped Bass assessment of the US but it is recognized that the mortality rate
depends upon fishing gear, water temperature, maturity state and angler practices (Millard et
al. 2005; NEFSC 2019). When examined in these analyses, the consequence of including or
excluding catch and release mortality on the development of MSY references and reference
points was inconsequential; reference point values were indistinguishable between fisheries
strategies (Table 6.5) due to the large uncertainties in the estimated population dynamics
parameters. That does not mean however that catch and release has no effect on survival and
abundance of Striped Bass. The mortality consequences of the catch and release fishery are
unknown since there are no estimates of catches or harvests in the recreational fishery for
Striped Bass (DFO 2011). In addition, a large amount of catch and release fishing occurs on fish
during a stressful period as they come out of a winter fast and are physiologically switched to
spawning.

The intent of the slot size is to a) to provide an opportunity for the fish to spawn once before
being vulnerable to retention, and b) to protect older fish with high fecundity and hence guard
against successive year classes of poor recruitment. Gwinn et al. (2015) discussed fishing
strategies for competing objectives of different fishery users, as for example, when the number
of fish harvested, rather than total weight, is the fishery preference. This could be the case in
recreational fisheries where the preference is access to a high number of acceptably sized fish
rather than maximizing the weight of fish captured; the latter objective may be more relevant for
commercial fisheries. Gwinn et al. (2015) concluded that a slot size was superior to a minimum
size strategy as a compromise regulation for achieving these competing objectives. Ahrens et
al. (2020) assessed the performance of minimum size and slot size strategies relative to
competing conservation and fisheries objectives and concluded that harvest slots were the
optimal harvest regulation under multiple fisheries objectives (biomass yield, yield in number,
trophy catch, and catch rates). The tradeoff between yield in weight and yield in number is
shown in the results of the equilibrium analysis of fisheries strategy effects (Table 6.4); the slot
size of 30 to 65 cm FL results in the highest catch number but the lowest catch weight at MSY
of the fishery strategies examined. Indeed the lower the minimum size, the more yield in number
can be extracted. Of importance in the discussion about reference points is that, with the
available data and models, there was no difference in the reference point outcomes among the
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three management strategies examined. The uncertainty intervals greatly overlapped among
the fisheries strategies, however, this would not be the case if the population dynamics
information was more precisely known.

Based on the currently available information on the proportion female by fork length

(Figure 3.7), a minimum slot size of 47 cm FL provides substantial protection from harvesting for
male bass but less protection for females. A minimum size of 55 cm FL would provide better
protection to first spawning of female bass.

The protection of larger and older Striped Bass, achieved through a maximum size for retention,
is important for several reasons. Although it was assumed in our analyses that fecundity of
Striped Bass is a linear function of weight and that egg value was similar regardless of female
size, it has been widely discussed in literature that maternal effects on early life stage survival
and recruitment are important in fish and in particular the value of older and larger females in
the spawning population may be disproportionate to their numerical egg contribution (Barneche
et al. 2018). The combination of high fecundity and iteroparity of Striped Bass are indicative of a
species with high mortality in the early stages. Inter-year class variability in Striped Bass has
been observed to be high, largely determined during the egg and larval stages and influenced
by environmental factors (see references within Richards and Rago 1999; Uphoff 1989;
Rutherford et al. 2003). Hence the importance of maintaining an abundance of older and larger
spawners to take advantage of intermittent favourable environmental conditions that can
produce large year classes, which can be realized with a maximum size limit fishing strategy. A
maximum slot size of 61 cm FL reduces the selectivity to the fisheries to values less than 10%
for Striped Bass 8 years and older (Figure 6.3).

6.3.5. Multi-Species Considerations

DFO (2019) developed a policy to support rebuilding plans under the precautionary approach
framework for stocks that are in the critical zone. DFO (2019) states that in cases where
rebuilding of a stock has the potential to negatively impact the status of another, as in the case
of rebuilding a predator species that could result in a decline of a prey species, rebuilding
objectives need to be carefully developed through a balanced approach to ensure neither is
depleted to a point of serious harm. Most importantly DFO (2019) acknowledge that it is not
possible to simultaneously achieve yields corresponding to MSY predicted from single-species
assessments for a system of multiple, interacting species and rebuilding efforts should be
approached within an ecosystem context to the extent possible.

The reference points and management strategies discussed in this working paper are based on
single species management approaches for the purpose of optimizing utility functions specific to
Striped Bass. The Striped Bass population of the southern Gulf has increased in abundance,
out of the critical zone as presently proposed. Striped Bass is large bodied and a piscivorous
predator of other valued anadromous fisheries species in the southern Gulf of St. Lawrence.
Concerns have been expressed by Atlantic Salmon fishery advocates as well as some
gaspereau and Rainbow Smelt commercial fishery interests that the rebuilding of Striped Bass
stock in the southern Gulf has contributed to declines in abundances of Atlantic Salmon and
other diadromous species because of high levels of predation on these species by Striped Bass.
Similar concerns were expressed about the impact of the recovered Atlantic Coast Striped Bass
on its prey-base and NEFSC (2019) summarize a number of analyses that examined the
potential for Striped Bass to deplete prey populations along the Atlantic Coast. To date, no
multi-species reference points or management plans have been proposed for the US situation.

One of the objectives of this review was to consider approaches and potential reference points
for Striped Bass that take account of these ecosystem considerations. This objective is
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considered by Chaput (2022). The cautionary note from DFO (2019) is worth repeating here: it
is not possible to simultaneously achieve yields corresponding to MSY predicted from single-
species assessments for a system of multiple, interacting species. Thus, any multi-species
management approach will be a compromise of competing single species objectives.

7. UNCERTAINTIES AND KNOWLEDGE GAPS

Although there are substantial empirical observations to characterize the life history parameters
of the population of Striped Bass from the southern Gulf including the weight at length
relationship, the size at age relationship, and mortality rates, a number of knowledge gaps and
uncertainties remain.

7.1. ASSUMPTIONS AND OBSERVATIONS OF LIFE HISTORY

7.1.1. Size at Age Information

Age of Striped Bass in this population is determined based on interpretations from scales. Age
interpretations from scales are considered to be sufficient for fish that are less than 8 or 10
years old whereas otoliths are considered more reliable at estimating the age of older fish
(Secor et al. 1995; Liao et al. 2013). The oldest age interpreted using scales from samples of
the southern Gulf to date is 15 years. The oldest reported age of Striped Bass in eastern US
seaboard is 31 years (NEFSC 2019). If scale age interpretations underestimate the ages of
Striped Bass, then the growth rates from the von Bertalanffy model would be overestimated,
which would have the consequence of underestimating the abundance of older fish in the
population and underestimating the fishery selectivity at age profiles. The consequences of this
bias on modelled estimates of total mortality and subsequently on derivation of reference points
has not been examined. There is limited information from tagging and recaptures of Striped
Bass that validates the relatively slow growth rate of fish after age 7: for example a Striped Bass
tagged in 2006 measuring 67.6 cm with an age interpretation of 7 years was recaptured and
sampled in 2013 and was measured as 83.7 cm, an increase of 16 cm over 7 years

(DFO 2014). Other tag and recapture data can provide validation for the growth rate of bass of
different sizes and ages from the Miramichi.

The longest recorded Striped Bass from sampling in the Northwest Miramichi is 116 cm fork
length. There are anecdotal reports of catches of very large bass in the southern Gulf of St.
Lawrence. In the eastern US populations of Striped Bass, fish exceeding 180 cm total length are
not considered exceptional (NEFSC 2019). Size distributions of spawners are described from
sampling of bycatches of Striped Bass from commercial gaspereau fishery trapnets and at DFO
index trapnets in the Northwest Miramichi (DFO 2020). The commercial gaspereau and DFO
trapnets are not considered size restrictive; catches of large bodied Atlantic salmon exceeding
100 cm fork length are frequent and there are a few recorded catches of Atlantic Sturgeon in the
4 foot (120 cm) length range. The trapnets are set from shore and do not cover the deeper
channel areas of the Northwest Miramichi. If larger and older Striped Bass preferentially use
these deeper areas, then they would not be available for capture in the trapnets. The extent of
the potential undersampling of larger fish is not known but there is some evidence that this not
an important issue. Since 2015, there has a Striped Bass fishing derby in the Miramichi River in
late May that targets the pre-spawning and spawning aggregations of Striped Bass. Tournament
participants are allowed to high grade the catches before submitting them for registration and so
those catches would be biased to the larger fish angled by parties. Extensive fishing effort by
recreational fishing parties in 2019 recorded some catches of relatively large bodied fish. The
data provided by the tournament organizers was aggregated by fishing party into total weight
and number of fish. Based on these data, the highest mean weight per fish recorded was from
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an aggregate of two fish weighing 22 kg giving a mean weight of 11 kg which would be
equivalent to an average fork length of 97 cm. Of the 262 fish submitted by parties,
approximately 10 were estimated at mean lengths exceeding 90 cm and 70% of the average
weights of fish were less than 6 kg (equivalent to 79 cm fork length).

There is evidence from literature that growth rate and size at age profiles differ for males and
females, particularly after the attainment of maturity for which males are comparatively smaller
at age than females (Chaput and Robichaud 1995; NEFSC 2019). The population model used
in this study does not track abundance at age by sex nor does the assessment model for
Striped Bass for the eastern seaboard of the US. At least in the context of estimating egg
production at age, it is the mean size at age of females which would be important and using a
growth function that ignores sex would result in an underestimate of size at age for females, and
therefore eggs at age if females are larger at age than males. Selectivity at age to the fishery,
used in equilibrium modelling to derive MSY reference values, would also be affected by
differences between the sexes in growth rate and size at age. The amount of bias introduced to
the estimates of spawner abundances at age and to the equilibrium model assumptions of
ignoring differences in size at age by sex is not known. Incorporating differences in size at age
by sex would require a different model structure from one used in this analysis.

Estimation of the von Bertalanffy growth parameters was based on samples of length and age
of Striped Bass collected in May and June with the majority sampled from the spawning area in
the Northwest Miramichi. Within an age group, if the probability of maturing is size dependent,
with faster growing fish maturing earlier, then the use of size and age data from samples of
spawners may result in an overestimation of size at younger ages, particularly ages 3 and 4.
The consequences of this sampling bias on von Bertalanffy model growth parameters has not
been examined.

7.1.2. Age at Maturity and Proportions of Recruits on the Spawning Grounds

There are no data with which to directly estimate the age or size at 50% maturity because there
are no representative samples of bass at all states of maturity in the spring. The maturation
schedule of male and female bass was assumed with males maturing earlier than females. The
earlier maturation at age of male bass is supported by observations of the sex ratio of fish on
the spawning grounds which indicate a predominance of males at age 3 and age 4 and equal
male to female proportions for fish age 6 and older. In the population model, the parameter that
is estimated is the proportion of the recruits at age that are on the spawning grounds. This
parameter is a combination of proportion at age that are mature by sex and the proportion of
mature individuals by sex that are spawners in the Miramichi. If such information was available
and there was evidence of differences between males and females, then this could be
considered but it would require a different age structured model than the one considered here.

The proportion female at age is assumed known in the model and is calculated directly from the
assumed maturation profiles of male and female bass. This proportion seems appropriate as it
corresponds to the proportion female at length from sampling of fish in May and June of 2013 to
2015.

It is assumed and modelled that not all mature Striped Bass are on the spawning grounds in the
Northwest Miramichi. This inference is supported by observations of Striped Bass, some in ripe
condition (males and females), in other estuaries of New Brunswick and Nova Scotia in May
and June. It also includes the phenomenon of skipped spawning in which fish forego egg
production until the subsequent year. Skip spawning has been reported in eastern US Striped
Bass populations (Secor 2008; Gahagan et al. 2015; Secor et al. 2020) and inferred for fish
from the Miramichi that had been detected off the coast of Labrador in 2017, had returned and
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overwintered in the Miramichi in 2017/2018 and subsequently based on behaviours from
acoustic tag detections had left the Miramichi in early spring 2018 prior to spawning. These fish
survived, overwintered in Miramichi in 2018/2019 and were inferred to have spawned in 2019
but not in 2018.

7.1.3. Assumptions of Fecundity at Age

The fecundity at age used in the model is a coarse approximation of fecundity values reported
elsewhere. There have been efforts to collect fecundity estimates from the southern Gulf of St.
Lawrence population but the analysis of these data is incomplete. Bias in the assumed fecundity
at age values would bias the estimation of the Beverton-Holt stock and recruitment parameters;
if fecundity was underestimated, this would result in a positive bias for the slope at the origin
whereas if fecundity was overestimated, there would be the opposite effect. The direction of
bias of the assumed fecundity values relative to population specific fecundities for this
population is not known.

7.2. ASSUMPTIONS ON NATURAL MORTALITY AND CONSTRAINTS
Natural mortality (M) rates are difficult to estimate in most circumstances.

The acoustic tagging and tracking data provide estimates of total mortality of larger Striped
Bass. It is recognized that those estimates may also include some fishing related mortality
however the estimates of Z at a median value of 0.22 in recent years is strongly indicative that
instantaneous natural mortality is very likely no higher than 0.2. The natural mortality value of
0.15 used in the assessment of Striped Bass on the eastern seaboard of the US is lower than
what assumed in these analyses. However, there is good reason to expect natural mortality to
be higher in this northern population of the southern Gulf of St. Lawrence. Douglas et al. (2006)
provided information on factors that could contributed to non-fisheries related mortality.

The environment, in particular during the winter, is an important driver of the population
dynamics of Striped Bass in the southern Gulf St. Lawrence. As stated in the introduction, the
southern Gulf of St. Lawrence Striped Bass population is the only population where avoidance
of lethal marine conditions (sub-zero water temperatures) during winter is an obligate element of
its life history. The southern Gulf of St. Lawrence is a geographic region in which the coastal
and estuary surface waters freeze during the winter. Rainbow Smelt, Atlantic Tomcod, and
Atlantic Herring (juveniles) can produce anti-freeze proteins which lowers the freezing point of
the blood thus allowing these fish to overwinter in the nearshore areas. Striped Bass do not
produce these proteins and hence must overwinter in the upper estuaries near the hide of tide
where the water temperatures remain above 0 °C.

Douglas et al. (2006) identified winter thermal plumes associated with industrial infrastructure in
the southern Gulf as potential contributors to winter mortality of Striped Bass. Large numbers of
Striped Bass were regularly drawn to the thermal effluents of the power generating station at
Trenton (NS), Dalhousie, and Belledune (NB), during late fall and winter and anglers targeted
these warm water effluents because of the large concentrations of Striped Bass which
seemingly continued to feed at that time of year (Douglas et al. 2006). Well over 1,000 striped
bass were estimated to have died at the outflow of the Trenton (NS) station in February 2004.
The cause of the fish kill was believed to be the result of an acute reduction in water
temperature when the power generating station went off line and the thermal discharge was
turned off (Douglas et al. 2006). Buhariwalla et al. (2016) provide details of a similar fish kill that
occurred in January 2013 for the same reason; the maximum daily water temperature recorded
at the discharge point before the fish kill was 12.8 °C but declined to -2.5 °C during the cold-
shock event three days later. The Dalhousie NB generating station which was identified by
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Douglas et al. (2006) as another source of thermal effluent utilized by Striped Bass was
demolished in 2015. The thermal generating station at Belledune (NB) remains operational.
There were other thermal plumes in the Miramichi, associated with pulp and paper mill
discharge in the lower portion of the Northwest Miramichi; that mill closed permanently in
December 2007.

Striped Bass also fast during the overwintering period and Striped Bass mortalities have been
reported in some estuaries and rivers soon after ice-out. Bradford and Chaput (1998) indicated
that there had been reports of Striped Bass mortalities in April and May 1997, particularly from
the Richibucto River area, shortly after ice-out. The absolute number of losses in the spring of
1997 was not quantified however one mortality was examined by the DFO Fish Health
Laboratory (Moncton) and no bacterial pathogens were isolated. Bradford et al. (2001b)
reported that dead and moribund striped bass sampled on the Napan River (Miramichi Bay
tributary) during early May 1997 were emaciated in appearance, devoid of visceral fat deposits,
and exhibited atrophied digestive tracts, suggesting fish had starved.

We have no information on the natural mortality rate of young bass. Natural mortality for young
age groups, 0 to 2 years, is expected to be relatively high and a general relationship relating
growth parameters from von Bertalanffy relationship to M was used to provide informative priors
for population modelling. High M for juvenile Striped Bass is expected because of their small
body size which makes them vulnerable to a diversity of predators including Striped Bass in
some circumstances (Buhariwalla et al. 2016). Small bodied fish are also more susceptible to
overwinter mortality; small bodied fish may have insufficient energy reserves to survive the
overwintering fast period that can extend from late October to late April. Harsh environmental
conditions can also lead to mortalities, juvenile bass have been observed frozen in the ice (S.
Douglas, DFO, pers. comm.).

Reductions in the intensity of a number of anthropogenic stressors likely contributed to
improved survival which assisted in the rebuilding of abundance of Striped Bass. The reductions
include the elimination of at least two (Dalhousie, Miramichi) thermal effluent discharges. Waste
water effluents from industrial and municipal facilities are widespread throughout the southern
Gulf, but their effect on striped bass or striped bass habitat is unknown (Douglas et al. 2006).
Sites of particular interest in the southern Gulf were reviewed by Robichaud-LeBlanc et al.
(2000). Burton et al. (1983) demonstrated significant mortality of striped bass larvae after a 72-h
exposure to bleached kraft mill effluent. The number of industrial facilities discharging chemical
effluents in the southern Gulf that were identified in the recovery potential assessment of 2006
(Douglas et al. 2006) has been reduced. The facilities which have closed include the paper mill
at Dalhousie (NB), two mills in the Miramichi River, and more recently a mill at Pictou (NS).

7.3. ASSUMPTIONS OF STOCK STRUCTURE

There is compelling evidence that the Northwest Miramichi River is the major spawning area of
for the Striped Bass population of the southern Gulf of St. Lawrence. Through the years, DFO
has reported on the tagging of Striped Bass in various rivers of the southern Gulf and their
subsequent recaptures on the spawning grounds of the Northwest Miramichi (DFO 2014). There
have been consistent detections in the Northwest Miramichi of bass acoustically tagged from
the Gaspe region and from Pictou (NS) illustrating the wide distribution range of Striped Bass in
the southern Gulf and the affinity to the Miramichi River spawning area (see Table 3.8). Striped
Bass tagged from the eastern boundary of the southern Gulf (Margaree River NS) to Gaspe on
the western edge of the southern Gulf and locations in between have subsequently been
recaptured in the Northwest Miramichi, strengthening the evidence of broad regional distribution
of fish in the southern Gulf. Added to this, the evidence on the outdispersion from the Northwest
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Miramich and the distribution of juveniles in other estuaries and rivers, makes the Northwest
Miramichi spawning area the most important feature for production of Striped Bass.

Alternative historical spawning areas in the southern Gulf of St. Lawrence have been advocated
in literature (Rulifson and Dadswell 1995; Andrews et al. 2019a) although there is no published
evidence to date of annual spawning and successful recruitment from these locations. In the
past two years, corresponding to a period of high Striped Bass spawner abundance, non-
government organisations sampled and reported the presence of Striped Bass eggs and larvae
from the Southwest Miramichi River and the Tabusintac River tidal areas, (M. Hambrook,
Miramich Salmon Association, pers. comm.; Andrews et al. 2019a). Intense spawning activities
were also reported from the Southwest Miramichi near the head of tide at Quarryville in spring
2020 (T. Tunney, DFO personal communication). Expansion of observations of spawning
activities would be expected as the overall spawner abundance increases. Striped Bass
spawning can be established in new areas, as evidenced by the colonization event of the
southern Gulf by Striped Bass with the Holocene glacial retreat and the spawning and
recruitment of Striped Bass in new contemporary spawning areas of the St. Lawrence River
(DFO 2017). The consequence to population modelling results of the establishment of new
spawning areas is that the asymptotic abundance would increase due to a higher carrying
capacity although density independent survival rates from eggs to age-0 in summer would be
expected to remain as estimated.

7.4. ASSUMPTIONS ON DENSITY DEPENDENT STOCK AND RECRUITMENT
RELATIONSHIP

Based on the available observations, the stock and recruitment dynamic between eggs and
abundance at age-3 is adequately described by a proportional function or Beverton-Holt stock
and recruitment function. The near monotonic increasing trajectory of the population abundance
from its low point in the late 1990s to the highest abundance in the late 2010s provides limited
information to unequivocally define the asymptotic population size.

We preferentially chose a model that incorporates a limit to the carrying capacity for the
southern Gulf population of Striped Bass. Based on literature, life history, and the geographic
area where spawning occurs, we chose a model that set the carrying capacity limit at the early
juvenile (age-0, summer) phase. The spawning / nursery habitat and food base for the larvae
and post-metamorphosis juveniles are constrained to a relatively small tidal area in the
Northwest Miramichi.

The model (model 6) that considered the egg to age-3 recruitment directly provides a different
perspective on asymptotic abundance at age-3 and total abundance of the population. The
difference in model outputs using the same observational data cannot be explained, other than
by weak evidence for density dependence from available data. It is possible that the abundance
of Striped Bass could continue to increase to levels indicated by model 6 of almost 1 million
spawners at age 3 (Table 4.3), 4.8 million spawners and 7.8 million fish (age 3+) at Busy as the
full productive potential for this population has yet to be realized.

7.5. TIME SERIES CONSIDERATIONS

As mentioned previously, the near monotonic increasing trajectory of the population abundance
from its low point in the late 1990s to the highest abundance in the late 2010s provides limited
information to unequivocally define the population dynamics parameters of the population
model. The recruitment from the 2017 to 2019 spawner abundances have not been assessed
with 3-year olds from the 2017 spawning first available for assessment in 2020, and the other
year-classes in 2021 and 2022. The fork length distributions of Striped Bass in the fall of 2019
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suggest a small mode at just under 35 cm FL, which would be 3-year old fish in May 2020,
however, such modes at small fork lengths have been noted in previous years but the cohort
tracking of these modes is not convincing (see Figure 3.4 but also Figure 3.9 which is the cohort
decline analysis).

The assessments of spawners as published in DFO (2020, and previous years) are assumed to
be unbiased albeit highly uncertain estimates of the true spawner abundances. The assessment
model uses the commercial gaspereau fishery platform to obtain abundance indices by
individual trapnet which are then raised using trapnet specific catchability indices estimated from
tag and recapture experiments to estimate total abundance. There is a large contrast in catch
rates of Striped Bass in these trapnets over the 1994 to 2019 time period (Figure 3.1) that are
consistent with the assessed increase in abundance. In recent years, as the commercial
gaspereau trapnets began fishing somewhat later to optimize the catch of gaspereau which is
the target species, movements of acoustically tagged bass have been used to infer the
proportion of the total spawners present in the commercial gaspereau fishing area when the
fishery began.

DFO (2020) provides supplementary indices independent of the commercial gaspereau fishery
catches that corroborate the trend of increased abundance of Striped Bass over this period.
Specifically, index estuary trapnets installed and monitored by DFO Science in the Southwest
Miramichi and in the Northwest Miramichi are used to assess the abundance of numerous
anadromous species in the Miramichi River (Hayward et al. 2014). Catches of Striped Bass in
the months of May and June show an important increase in abundance, however, the data for
May should be interpreted with caution as the installation dates of these trapnets for sampling
upstream migrating fish have varied among years. The sum of daily catches in the month of
June increased over the period of sampling at both locations and with generally higher catches,
particularly in the recent decade, recorded at the Northwest Miramichi trapnet located in the
Striped Bass spawning area (Figure 7.1). Trapnet catches in the autumn have also greatly
increased over the time period with the strongest signal for the month of October in the
Northwest Miramichi and for the months of September and October in the Southwest Miramichi.
Contrary to the spring, the highest catches in the fall are consistently recorded at the Southwest
Miramichi index trapnet as Striped Bass return to the Miramichi River to overwinter (Figure 7.1).

7.6. FISHERIES RELATED LOSSES AND MANAGEMENT OPTIONS
There are no complete fishery catch data for Striped Bass in the southern Gulf of St. Lawrence.

Historically, fisheries statistics included only commercial harvests, exclusive of recreational and
Indigenous peoples fisheries harvests.

It was noted previously that Striped Bass is particularly vulnerable to fisheries in estuaries of the
southern Gulf of St. Lawrence. Although the fisheries on Striped Bass were essentially closed in
2000, DFO (2011) indicated that large numbers in the tens of thousands of Striped Bass of
various life stages were intercepted in a variety of illegal fisheries, commercial fisheries, and
aboriginal FSC fisheries. The activity with the greatest contribution to the total loss of Striped
Bass was considered to be the illegal fishery followed by the recreational fishery (DFO 2011).

The recreational fishery for Striped Bass in the southern Gulf has a large component of catch
and release, in part due to the mandatory slot size restrictions for retention but also associated
with the fishing practices of individual anglers that favour a lot of angling activity without intent to
retain. In the eastern US, catch and release represented 85% to 90% of the total catch (retained
plus released) of Striped Bass during 2015-2017 and annual losses from catch and release .
averaged 2.9 million fish during 2015 to 2017, approximately equivalent to the retained
catch of 2.9 to 3.5 million for those same years (NEFSC 2019). There are differences in
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management measures between jurisdictions; notably the use of natural bait is prohibited in the
recreational fishery in Quebec but natural bait, usually in the form of chunks of mackerel or
other fish placed on hooks, is permitted in DFO Gulf Region. A catch and release mortality rate
of 9% is also assumed, as used in the coastwide Striped Bass assessment of the US. Catch
and release mortality rate depends upon fishing gear, water temperature, maturity state and
angler practices (Millard et al. 2005; NEFSC 2019). The analysis of consequences of these
fishing practices on population abundance and reference points cannot be assessed in the
absence of such data.

Young of the year (YOY) Striped Bass remain susceptible to capture in the openwater autumn
and winter fishing gears (boxnets and gillnets) set for Rainbow Smelt throughout the southern
Gulf of St. Lawrence. Prior to the delayed opening of the fall openwater smelt fishery in the
Miramichi from Oct. 15 to Nov.1, interceptions of you bass were estimated to have been in the
hundreds of thousands annually, in the Miramichi river alone, most of which would be dead
given the difficulty to sort and release them alive from the large quantities of fish captured in
these fisheries (Bradford et al. 1997). The delayed season opening should have reduced the
bycatch but no follow-up assessment has occurred.

There are additional anecdotal reports of unregulated mortality in other sectors, including
Striped Bass being kept and used as bait in the lobster fishery. Striped Bass have also
increased in abundance in the freshwater portions of larger rivers such as the Miramichi and
Restigouche and there are numerous reports of bass being angled and killed via discarding in
the woods from these inland areas.

In the absence of any monitoring of recreational catches and harvests, it is not possible to
provide fisheries management advice in terms of total allowable catches nor can the status of
the population relative to removal rates be assessed. In the absence of catch and harvest data
from all the fisheries, the best that could be done is to track the response of the population
abundances to variations in fisheries management strategies. Assessments of spawner
abundances are usually provided in the fall to early winter of the spawning year and
management plans are established based on the past year's abundance. This approach, used
to date for management of Striped Bass of the southern Gulf of St. Lawrence results in low risk
to the population if exploitation rates are relatively low. The abundance trajectory of this
population indicates that to date, the exploitation rate has been less than the surplus production
of the population.
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TABLES

Table 2.1. Management milestones for Striped Bass fisheries from the southern Gulf of St. Lawrence, 1992 to 2013.

Year

Commercial

Recreational

Indigenous FSC

Prior to 1992

1992

1993

1994

1995

1996

1997

1998

1999

Gillnet licences (mesh restriction 127 mm)

Bow net fishery open

Incidental catches retained and marketed

DFO conservation strategy written:

- closure of all directed fisheries

- incidental catches of bass > 38 cm TL to be released
- bycatch tolerance for bass < 38 cm in gaspereau and
smelt fisheries

- bow net fishery designated as recreational, with
recreational bag limit and size restrictions

DFO conservation strategy implemented

DFO conservation strategy implemented

Release of bass > 38 cm not imposed

Some voluntary release of spawning fish in Miramichi (May
—June)

17 t recorded harvest

Commercial fisheries closed

Sale of wild caught Striped Bass prohibited

Tolerance limit for retention but not sale of bass < 35 cm
TL in gaspereau and smelt fisheries

15 t recorded harvest

Commercial fisheries closed

Sale of wild caught Striped Bass prohibited

Tolerance limit for retention but not sale of bass < 35 cm
TL in gaspereau and smelt fisheries

Commercial fisheries closed

Sale of wild caught Striped Bass prohibited

Tolerance conditions revoked, no retention of bycatch of
any size

Commercial fisheries closed

Sale of wild caught Striped Bass prohibited

Tolerance conditions revoked, no retention of bycatch of
any size

No retention of bass < 38 cm Total
Length (TL), unless in Kent Co.
waters

July 1 to Oct. 31

One bass per day

>68cm TL

July 1 to Oct. 31
One bass per day
>68 cm TL

July 1 to Oct. 31
One bass per day
>68 cm TL

July 1 to Oct. 31
One bass per day
>68 cm TL

Hook and release only
May 1 to Oct. 31

Hook and release only
May 1 to Oct. 31

Hook and release only

April 15 to Oct. 31 (opening
corresponds to opening date of
black salmon and trout fishereries)
Hook and release only

April 15 to Oct. 31

>68cm TL

>68cm TL

July 1 to Oct. 31
>68cm TL

July 1 to Oct. 31
>68cmTL

>68cm TL

July 1 to Oct. 31
Size restrictions lifted (impractical
because of gillnets)

July 1 to Oct. 31

July 1 to Oct. 31

July 1 to Oct. 31
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Year

2000

2012

2013

Commercial

Delayed opening to Nov. 1 (from Oct. 15) of fall openwater
smelt boxnet fishery in Miramichi

Continued from 1999

Continued from 1999

Continued from 1999

Recreational

Inland and coastal waters closed to
directed fishing for Striped Bass
Inland and coastal waters remain
closed to directed fishing for Striped
Bass

Re-opening of retention fishery

Indigenous FSC

FSC allocations suspended

Re-instatement of Indigenous FSC
allocations

FSC allocations maintained
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management breakdown in 2013 to 2015).

Table 2.2. Recreational fisheries management measures for Striped Bass since the re-opening of the fishery in 2013. (see DFO 2016 for
Season for Retention
Year Region tidal waters Retention days Daily bag limit size limit Notes
2012 DFO Gulf Closed na na na na
2013 DFO Gulf May 1 to 25 1 55 -65cm na
Sept. 30 TL
Prov. of June 15 - 0 0 na Catch and release only
Quebec Sept. 30 Single hook
(Chaleur Bay;
Zone 21)
2014 DFO Gulf May 1 to 53 1 (May 1-21) 50 - 65 cm *Due to cold weather and poor angler success,
Sept. 30 2 (May 22-25)* TL the retention period in May 2014 was extended
1 (Aug. 1-21) for four days to May 25. During this extension,
1 (Sept. 24-30) anglers were permitted to retain two Striped
Bass per day and possess no more than two at
any given time.
Prov. of June 15 - 30 1 <65cm TL Single hook maximum 3 per line
Quebec Sept. 30 (July 26 — Artificial lures only, bait prohibited
(Chaleur Bay; Aug. 24)
Zone 21)
2015 DFO Gulf May 1 to 56 1 50 - 65cm na
Oct. 31 May 11 — 31 TL
Aug. 1-23
Sept. 4-7
Oct. 24 - 31
Prov. of June 15 - 56 1 50 - 65 cm Single hook maximum 3 per line
Quebec Sept. 30 (July 1 — TL Artificial lures only, bait prohibited
(Chaleur Bay; Aug. 25)
Zone 21)
2016 DFO Gulf May 1 to 104 1 50 - 65cm na
Oct. 31 TL
Prov. of June 15 - 109 1 50 - 65 cm Single hook maximum 3 per line
Quebec Oct. 31 ((July 1 - TL Artificial lures only, bait prohibited
(Chaleur Bay; Aug. 26;
Zone 21) Sept. 9 — Oct.
31)
2017 DFO Gulf April 15 to 200 1(April 15 — June 14) 50 -65cm na
Oct. 31 (April 15 to 2 (June 15 — Aug. 31) TL
Oct. 31) 1 (Sept. 1 — Oct. 31)
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Season for Retention
Year Region tidal waters Retention days Daily bag limit size limit Notes
Prov. of June 15 - 139 2 50 - 65cm Single hook maximum 3 per line
Quebec Oct. 31 (June 15 - TL Artificial lures only, bait prohibited
(Chaleur Bay; Oct. 31)
Zone 21)
2018 DFO Gulf April 15 to 200 3 50 - 65cm na
Oct. 31 (April 15 to TL
Oct. 31)
Prov. of June 15 - 139 3 50 - 65 cm Single hook maximum 3 per line
Quebec Oct. 31 (June 15 - TL Artificial lures only, bait prohibited Extension of
(extended Zone Oct. 31) Zone 21 upstream in St. Lawrence River to a
21) line approximately joining Rimouski and
Forestville and extending to the north shore of
the St. Lawrence, including Magdalene Islands
2019 DFO Gulf April 15 to 200 3 50 -65cm ns
Oct. 31 (April 15 to TL
Oct. 31)
Prov. of June 15 - 139 3 50 - 65 cm Same as 2018
Quebec Oct. 31 (June 15 - TL Including in most rivers that flow into Zone 21
(extended Zone Oct. 31)
21)
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Table 2.3. Summary of spawning area closures to all recreational fisheries activities on the spawning
grounds of the Northwest Miramichi, 2017 to 2020.

Length of
DFO Gulf Region Total days spawning
Year Variation Order Start Date End Date of closure area closed
2017 GV0-2017-038 1 June 9 June 9 9.8 km
2018 GV0-2018-032 4 June 8 June 5 6.5 km
2019 GV0-2019-035 5 June 9 June 5 6.5 km
2020 GV0-2020-044 28 May 1 June 5 6.5 km
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Table 2.4. Recorded landings (t) of Striped Bass from the fisheries statistical districts that are located in
the vicinity of the Miramichi River, and overall in the southern Gulf of St. Lawrence. Data for the period
1917 to 1988 are from LeBlanc and Chaput (1991). Data for 1989 to 1994 are from Bradford et al.
(1995a). There were no recorded landings for the years 1935 to 1967. Detailed harvests by statistical
districts in DFO Gulf NB as well as by season and regions are provided in Bradford et al. (1995a) and
Douglas et al. (2003). “ns” means no information specified.

Miramichi area districts Southern
Year 68 70 71 72 73 Total Gulf
1917 8.2 ns 4 0.4 15 14 .1 61.4
1918 7.2 ns 1.1 4.5 1.5 14.3 54.4
1919 4.1 0.5 1.2 2.3 3.6 11.7 33.7
1920 17.3 ns 2.2 0.5 4.2 24.2 28.3
1921 1.1 ns 1.5 ns 2.7 53 15.9
1922 1.4 ns 1.2 ns ns 2.6 191
1923 0.9 ns 0.2 ns 54 6.5 25.5
1924 ns ns 0.9 7.2 ns 8.1 39.8
1925 0.9 ns 0.7 0.4 4.1 6.1 22.1
1926 ns ns 1.9 0.4 ns 2.3 20.0
1927 ns ns ns ns 6.5 6.5 22.8
1928 ns ns 0.2 ns 3.7 3.9 10.3
1929 ns ns ns ns 1.7 1.7 5.8
1930 ns ns 0.5 0.5 0.9 1.9 4.0
1931 ns ns ns 0.5 0.9 1.4 3.2
1932 ns 0.8 ns 0.5 1.1 2.4 3.9
1933 ns 0.2 ns 0.1 ns 0.3 0.7
1934 ns ns ns 0.3 ns 0.3 04
1935 ns ns ns ns ns ns ns
1967 ns ns ns ns ns ns ns
1968 ns 0.4 1.8 1.1 0.1 3.4 8.2
1969 ns 0.1 0.4 1.6 0.1 2.2 9.4
1970 0.1 2.6 0.9 3.4 0.4 7.4 10.6
1971 ns 0.7 1.4 8.5 0.4 11 13.3
1972 ns 0.1 1.8 34 0.5 5.8 8.8
1973 ns 0.2 0.1 3.8 ns 41 6.1
1974 0.1 ns 0.3 3.6 ns 4 54
1975 0.7 3.2 1 ns ns 4.9 7.2
1976 0.1 1.9 1.6 3.1 ns 6.7 8.6
1977 ns 0.9 1.2 ns ns 2.1 5.1
1978 ns 1.5 ns ns ns 1.5 5.1
1979 0.1 2.2 1.2 ns ns 3.5 6.8
1980 0.1 9.7 2.9 ns ns 12.7 15.3
1981 0.9 55 4.7 ns ns 111 47.8
1982 1 3.8 24 ns ns 7.2 324
1983 2 3 6.9 ns 0.1 12 234
1984 0.1 9.9 2.2 ns ns 12.2 17.3
1985 0.8 2.3 8 ns ns 11.1 22.0
1986 2.2 3.5 ns ns ns 5.7 12.5
1987 ns 0.6 ns ns 0.1 0.7 2.3
1988 0.1 2 0.9 ns ns 3 4.1
1989 ns ns 0.1 ns ns 0.1 4.0
1990 ns ns 0.1 ns ns 0.1 1.0
1991 ns ns 0.1 ns ns 0.1 1.3
1992 ns ns 0.5 ns ns 0.5 8.9
1993 ns ns ns ns ns ns 0.6
1994 ns ns ns ns ns ns 1.0
1995 ns ns ns ns ns ns 17.3
1996 ns ns ns ns ns ns 15.25
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Table 2.5. Summary of available estimated recreational fisheries catches since the re-opening of the
Striped Bass recreational fisheries in the Gulf of St. Lawrence in 2013 to 2015. Data for 2013 are from
DFO (2014) and data for 2014 are summarized in DFO (2015a).

Estimated total
losses due to

Estimated fish fishing
retained (assumed 10%
Management Point estimate mortality from
authority / (95% confidence Estimated fish catch and
Year daily limit Survey period interval) released ' release)
2013 DFO Gulf Region May 1 -15 2,400 29,224 5,322
1 fish per day Miramichi River
55— 65 cm TL for Aug. 2 -11 244 2,911 535
retention Eight locations in
the southern Gulf
2014 DFO Gulf Region 17 of 25 days 400 9,637 1,364
1 fish per day during May 1 to 25
50 — 65 cm TL for Miramichi River
retention August and na na na
September
retention periods
Province of July / August 554 8,456 1,400
Quebec (299 to 809) (4,865 to (1,146 to 2,013)
1 fish per day 12,047)
<65cm TL for
retention
2015 DFO Gulf Region na na na na
1 fish per day
50 — 65 cm TL for
retention
Province of July / August 1,172 20,797 3,252
Quebec (790 to 1,554) (14,225 to
1 fish per day 27,368)

50 — 65 cm TL for
retention

' for the province of Quebec survey, the value for total catch and release is the value for total catch (retained plus

released)
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Table 2.6. Characteristics of the recreational fishery in Chaleur Bay, 2014 to 2019. Data for 2014 are
presented in DFO (2015a). Data for 2016 to 2019 were provided by Quebec MFFP (unpubl. data).

Management Percentage of
Year regulation Catch category Size group catch category

2014 1 fish per day Retained <50 cm 27%
< 65 cm Total 50 — 65 cm 73%
Length for Released <50 cm 33%
retention >65 cm 13%

2016 1 fish per day Prob. of retaining 1 or more fish 14.2%
50 - 65 cm Total ~ Catch (retained <50 cm 69%
Length for and released) 50 — 65 cm 22%
retention >65 cm 9%

2017 2 fish per day Prob. of retaining 1 or more fish 6.5%
<65cmTotal  Catch (retained <50 cm 58%
Length for and released) 50 — 65 cm 37%
retention >65 cm 5%

2018 3 fish per day Prob. of retaining 1 or more fish 22.5%
50 -65cm Total  Catch (retained <50 cm 49%
Length for and released) 50 — 65 cm 44%
retention >65 cm 7%

2019 3 fish per day Prob. of retaining 1 or more fish 6.5%
50 -65cm Total  Catch (retained <50 cm 55%
Length for and released) 50 — 65 cm 43%
retention >65 cm 3%
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Table 3.1. Summary of tagging locations, tagging years, as well as overwintering and spawning histories
of acoustically tagged Striped Bass with tag identification codes detected at the acoustic receiver line at
Port Hope Simpson (Labrador) in 2017. The detections data at the Port Hope line were provided by M.
Robertson (DFO Newfoundland and Labrador Region). Striped Bass were tagged in the St. Lawrence
and in Gaspe by personnel from the MFFP Quebec.

Acoustic
Location of Year Detected in detections
tagging tagged Overwinter history Spawning history Labrador (n)
Never seen in Never seen in
St. Lawrence 2015 Miramichi Miramichi 28-Sep-17 5
Never seen in Never seen in
Gaspe 2016 Miramichi Miramichi 4-Sep-17 1
Miramichi — 2014/15,  Miramichi - 2015, 2016, 5-Sep-2017,
Gaspe 2014 2015/16, 2016/17 2017 22-Sep-2017 3
Miramichi - 2014/15, Miramichi - 2015, 2016, 30-Aug-2017,
Gaspe 2014 2015/16, 2016/17 2017 28-Sep-2017 13
Miramichi - 2014/15, Miramichi - 2015, 2016,
Gaspe 2014 2015/16, 2016/17 2017 29-Aug-17 1
Miramichi - 2014/15, Miramichi - 2015, 2016, 5-Sep-2017,
Gaspe 2014 2015/16, 2016/17 2017 27-Sep-2017 5
Miramichi - 2014/15,
2015/16, 2016/17, Miramichi - 2015, 2016, 3-Sep-2017,
Gaspe 2014 2017/18, 2018/19 2017, 2019 22-Sep-2017 6
Miramichi - 2016/17,
St. Lawrence 2014 2017/18, 2018/19 Miramichi - 2017, 2019 29-Aug-17 3
Miramichi — 2013/14,
2014/15, 2015/16,
2016/17, 2017/18, Miramichi - 2015, 2016,
Miramichi 2013 2018/19 2017, 2019 22-Sep-17 2
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Table 3.2. Summary statistics of selected samples of fork length (cm) at scale-interpreted ages of Striped
Bass from the Miramichi River used in the von Bertalanffy growth model analysis.

Posterior summaries of von
Bertalanffy predictions

Growth
N retained Mean Mean increment

Age (available) (cm) Std. dev. CV (cm) Std. dev. (cm)

1 71 (71) 17.8 1.5 0.083 17.5 1.5 -

2 200 (562) 28.0 3.2 0.116 29.0 2.6 11.4

3 200 (2606) 404 3.6 0.088 38.5 3.4 9.6

4 200 (2542) 46.8 3.9 0.082 46.7 4.2 8.2

5 200 (1485) 52.6 3.9 0.073 53.6 4.8 6.9

6 200 (769) 58.1 4.5 0.077 59.4 5.3 5.8

7 124 (124) 63.6 5.5 0.086 64.4 5.7 5.0

8 94 (94) 69.1 5.3 0.076 68.6 6.1 4.2

9 62 (62) 72.7 55 0.076 71.9 6.3 3.3

10 20 (20) 771 6.3 0.082 75.0 6.6 3.1

11 21 (21) 78.2 6.3 0.081 77.6 6.8 2.6

12 10 (10) 83.5 5.2 0.062 79.4 6.9 1.9

13 2 (2) 75.5 7.6 0.101 81.4 7.2 2.0

14 5 (5) 78.2 7.2 0.093 82.8 7.4 1.3

15 3 (3) 86.9 16.4 0.189 84.2 7.5 1.4

Table 3.3. Posterior parameter estimates of the von Bertalanffy growth function to fork length (cm) at age
(vears) data for Striped Bass from the Miramichi River.

5% to 95th Correlations
Parameter Median percentile L to Kto
L (cm) 90.8 88.51t093.3 na na
K 0.1685 0.1598 to 0.1771 -0.974 -
aq(year) -0.2680 -0.3176 to -0.2218 -0.748 0.857
o (logscale) 0.088 0.085 to 0.091 na na
Pred. length at age 3 38.4 33.2t044.3 na na

(cm)

Table 3.4. Fork length (cm) to whole weight (kg) relationship for Striped Bass sampled during May and
June 2013 to 2105 from the Miramichi River. The equation is: log(WWkg) = intercept + slope * log(FLcm)
+ g with &£ ~ N(0, sigma?).

Maximum Likelihood

Sex Parameter Mean Standard error
Combined Slope 3.0027 0.0094
Intercept -11.3428 0.0363
sigma 0.087
N 1,839
By sex
Female Slope 3.0742 0.0156
Intercept -11.6014 0.0613
N 643
Male Slope 2.9327 0.0196
Intercept -11.0879 0.0760
N 1,196
sigma 0.085
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Table 3.5. Number of female and male Striped Bass by age from opportunistic samples collected in May
and June in the southern Gulf of St. Lawrence, 1970 to 2018. These could be biased to males because in
many cases, the sex was identified by external characteristics (ripe and running) which is more easily
detected in males than females.

Proportion
Age N - Females N - Males female
2 5 53 0.086
3 32 2053 0.015
4 120 1524 0.073
5 201 487 0.292
6 124 160 0.437
7 41 40 0.506
8 32 18 0.640
9 19 16 0.543
10 8 4 0.667
11 7 7 0.500
12 7 0 1.000
13 0 1 0.000
14 1 2 0.333
15 2 1 0.667

Table 3.6. Summary of assumptions on proportion mature at age and the proportion female at age of
spawners for Striped Bass of the southern Gulf of St. Lawrence.

Age (years)

Characteristic 3 4 5 6 and older
Proportion mature at age (assumed)
Male 0.5 0.9 1 1
Female 0.1 0.5 0.9 1

Proportion female at age on spawning grounds assuming similar proportions at age of male
and female mature recruits are spawners on the spawning grounds

Proportion female 0.17 0.36 0.47 0.50

Table 3.7. Predicted M at age of Striped Bass based on the fitted von Bertalanffy growth characteristics
and the empirical relationship of M to growth characteristics of Gislason et al. (2010). Mean sizes at age
are shown in Table 3.2.

Mid-season mean size (mm)

Age (Lat to La+1, t+1) Predicted M Predicted S

0 135 1.97 0.14
(110 to 160)"

1 232 0.82 0.44
(175 to 290)

2 337 0.45 0.64
(290 to 385)

3 426 0.31 0.73
(385 to 467

4 501 0.24 0.79
(467 to 536)

"Modal length range of young of the year going into their first winter
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Table 3.8. Data used in the estimation of survival probabilities from Striped Bass tagged with acoustic tags and detected in the Miramichi River.
The data for 2003 to 2009 are from Douglas and Chaput (2011a). N tags is the number of tags from the tagging group detected in the Miramichi
that represents the initial number of animals tracked in subsequent years. The size group categories represent the fork length (cm) retention size
limits for the recreational fishery, in place since 2014. Fish are assigned to a size group based on their fork length at time of tagging.

Location Year Season Tag Size N Tags detected in year of inferred survival
tagged tagged tagged type group tags 2003 2004 2008 2009 2014 2015 2016 2017 2018
Miramichi 2003 spring V16 Total 19 13 na na na na na na na na
Miramichi 2004 spring V16 Total 21 na 13 na na na na na na na
Miramichi 2008 spring V16 Total 20 na na 14 10 na na na na na
Miramichi 2009 spring V16 Total 21 na na na 14 na na na na na
Gaspe 2013 summer V13 <46 1 na na na na 1 na na na na
46 - 61 23 na na na na 22 na na na na
> 61 15 na na na na 13 na na na na
Total 39 na na na na 36 na na na na
Miramichi 2013 fall V16 46 - 61 15 na na na na 12 8 5 5 5
> 61 21 na na na na 17 15 13 9 9
Total 36 na na na na 29 23 18 14 14
Gaspe 2014 summer V13 <46 3 na na na na na 3 1 na na
46 - 61 12 na na na na na 10 8 na na
Total 15 na na na na na 13 9 na na
Gaspe 2014 summer V16 46 - 61 25 na na na na na 18 14 6 5
> 61 18 na na na na na 16 12 10 9
Total 43 na na na na na 34 26 16 14
Pictou 2015 winter V16 Total 5 na na na na na na 5 3 2
Gaspe 2015 summer V13 Total 1 na na na na na na 1 na na
Gaspe 2016 late fall V13 Total 8 na na na na na na na 8 3
Gaspe 2016 late fall V16 Total 4 na na na na na na na 2 1
Miramichi 2016 fall V16 <46 4 na na na na na na na 4 4
46 - 61 14 na na na na na na na 12 11
> 61 6 na na na na na na na 6 6
Total 24 na na na na na na na 22 21
Miramichi 2017 fall V16 <46 3 na na na na na na na na 3
46 - 61 19 na na na na na na na na 14
> 61 1 na na na na na na na na 1
Total 23 na na na na na na na na 18

65



Table 4.1. Model specific parameters and prior assumptions for the life cycle age structured model. In
OpenBUGS, the normal distribution is parameterized by the mean and the precision (1/variance) and
C(#,) indicates the distribution is constrained to values greater than the first element. The gamma
distribution is parameterized on the inverse gamma scale.

Model variant Parameters with associated priors Parameter translations

Model 1 8 ~N(1,0.001)C(0,)
K ~N(1,0.001)C(1,)
S.0 ~ Beta(139,861)
S[1] ~ Beta(440,560)
S[2] ~ Beta(638,362)
S[3+] ~ Beta(720,280)
p.rec.to.sp[3] ~ Beta(270,730)
p.rec.to.sp[4] ~ Beta(630,370)
p.rec.to.sp[5] ~ Beta(855,145)
p.rec.to.sp[6] ~ Beta(900,100)
log(o) [3:8, Total] ~ U(0,3)
Model 2 8 ~N(1,0.001)C(0,)
K~ N(1,0.001)C(1,)
S.0 ~ Beta(139,861)

S[1] ~ Beta(440,560)
S[2] ~ Beta(638,362)
S[3] ~ Beta(72,28)

S[4] ~ Beta(75,25)

S[5] ~ Beta(80,20)

S[6] ~ Beta(85,15)

S[7] ~ Beta(90,10)

S[8] ~ Beta(95,5)
p.rec.to.sp[3] ~ Beta(270,730)
p.rec.to.sp[4] ~ Beta(630,370)
p.rec.to.sp[5] ~ Beta(855,145)
p.rec.to.sp[6] ~ Beta(900,100)
log(o) [3:8, Total] ~ U(0,3)
Model 3 8 ~N(1,0.001)C(0,)

K ~N(1,0.001)C(1,)
S.0 ~ Beta(139,861)

S[1] ~ Beta(440,560)
S[2] ~ Beta(638,362)
S[3:8] ~ Beta(6,4)
p.rec.to.sp[3] ~ Beta(270,730)
p.rec.to.sp[4] ~ Beta(630,370)
p.rec.to.sp[5] ~ Beta(855,145)
p.rec.to.sp[6] ~ Beta(900,100)
log(o) [3:8, Total] ~ U(0,3)
Model 4 8 ~N(1,0.001)C(0,)

K ~N(1,0.001)C(1,)

S.0 ~ Beta(14,86)

S[1] ~ Beta(44,56)

S[2] ~ Beta(64,36)
S[3:8] ~ Beta(6,4)
p.rec.to.sp[3] ~ Beta(4,12)
p.rec.to.sp[4] ~ Beta(3,3)
p.rec.to.sp[5] ~ Beta(5,2)
p.rec.to.sp[6] ~ Beta(4,1)
log(o) [3:8, Total] ~ U(0,3)

Model 5 8 ~N(1,0.001)C(0,)

K ~N(1,0.001)C(1,)
S[0to3] ~ Beta(5,45)
S[3:8] ~ Beta(6,4)
p.rec.to.sp[3] ~ Beta(4,12)

Beverton-Holt; o = exp(-8)
Z(0) = -log(S.0)
Z[1] = -log(S[1])
Z[2] = -log(S[2]
Z[3+] = -log(S[3+])
p.rec.to.sp[7:15+] = p.rec.to.sp[6]

Beverton-Holt; o = exp(-3)
Z(0) = -log(S.0)
Z[1] = -log(S[1])
Z[2] = -log(S[2]
Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]

Beverton-Holt; o = exp(-8)
Z(0) = -log(S.0)
Z[1] = -log(S[1])
Z[2] = -log(S[2]
Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]

Beverton-Holt; o = exp(-8)
Z(0) = -log(S.0)
Z[1] = -log(S[1])
Z[2] = -log(S[2]
Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]

Beverton-Holt; o = exp(-8)
Z(0to3) = -log(S[0to3])
Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]
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Model variant

Parameters with associated priors

Parameter translations

Model 6

Model 7
Power stock
and
recruitment
function

p.rec.to.sp[4] ~ Beta(3,3)

p.rec.to.sp[5] ~ Beta(5,2)

p.rec.to.sp[6] ~ Beta(4,1)

log(o) [3:8, Total] ~ U(0,3)
8 ~ N(1,0.001)C(0,)

K ~N(1,0.001)C(1,)
S[3:8] ~ Beta(6,4)
p.rec.to.sp[3] ~ Beta(4,12)
p.rec.to.sp[4] ~ Beta(3,3)
p.rec.to.sp[5] ~ Beta(5,2)
p.rec.to.sp[6] ~ Beta(4,1)
log(c) [3:8, Total] ~ U(0,3)
o ~ Beta(1,1)

B ~ Gamma(6,4)
S[3:8] ~ Beta(6,4)
p.rec.to.sp[3] ~ Beta(4,12)
p.rec.to.sp[4] ~ Beta(3,3)
p.rec.to.sp[5] ~ Beta(5,2)
p.rec.to.sp[6] ~ Beta(4,1)
log(c) [3:8, Total] ~ U(0,3)

Beverton-Holt; a. = exp(-8)
Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]

Z[3:8] = -log(S[3:8])
Z[9:15+] = Z[8]
p.rec.to.sp[7:15+] = p.rec.to.sp[6]
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Table 4.2. Description of the models examined for estimating the life history and population dynamics
parameters of Striped Bass from the southern Gulf of St. Lawrence. A summary of model fits (deviance,
approximate Aikike Information Criterion (AIC’), and the DIC from the OpenBUGS) are also shown. In all
models, the weight at age, fecundity, and proportion female at age on the spawning grounds are known
or assumed with no uncertainty (Appendix 3).

Model variant

Fit statistics

Comments

Model 1 Deviance: 2440 Poor fit to total spawners (residuals are positive generally)
Parameters: 17 Very poor fit to observed abundances at age, dominant
AIC’' = Dev+2*p = 2474 residual patterns
DIC = 2448 (pD = 8)
Model 2 Deviance: 2442 Poor fit to total spawners (residuals are positive)
Parameters: 22 Residuals mostly positive for age-3, negative for ages 7 and
AIC’ = Dev+2*p = 2484 8
DIC = 2450 (pD = 7.6) Temporal trend in residuals for ages 7 and 8
Model 3 Deviance: 2403 Good fit to spawners at age
Parameters: 22 Temporal trend in residuals for ages 7 and 8
AIC’ = Dev+2*p = 2447 Mostly positive residuals for total spawners
DIC = 2412 (pD = 9.1) No autocorrelation for residual
Survival age 3 higher than S for ages 4 to 7 which is not
consistent with expectations
Model 4 Deviance: 2396 Good fit to spawners at ages 3 to 6
Parameters: 22 A few more positive residuals for total spawners
AIC’ = Dev+2*p = 2440 Temporal trend in residuals for ages 7 and 8
DIC = 2401 (pD = 5.0) No autocorrelation for residuals
Survival age 3 higher than for ages 4 to 7 which is not
consistent with expectations
Negative correlation between o and K, o and S[0]
Model 5 Deviance: 2395 Good fit to spawners at ages 3 to 6
Parameters: 20 Almost balanced residual pattern for total spawners
AIC’ = Dev+2*p = 2435 Temporal trend in residuals for ages 7 and 8
DIC = 2394 (pD = -1.4) No autocorrelation for residuals.
Survival age 3 higher than for ages 4 to 7 which is not
consistent with expectations
Negative correlation between o and K, o and S.0to3
Model 6 Deviance: 2391 Good fit to spawners at age
Parameters: 19 Temporal trend in residuals for ages 7 and 8
AIC’ = Dev+2*p = 2429 No autocorrelation for residuals.
DIC = 2392 (pD = 0.3) Survival age 3 higher than S for ages 4 to 7 which is not
consistent with expectations
Positive correlation between Bev-Holt alpha and S[3]
Model 7 Deviance: 2385 Equally good fit to spawners at age and total spawners as

Parameters: 19
AIC’ = Dev+2*p = 2423
DIC = 1330 (pD = -1055)

model with Beverton-holt assumption

Beta (power term) is centered on 1, no density dependence
(abundance increasing without limit

Strong positive correlation between beta and gamma of the
power function
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Table 4.3. Summary (median; 5% to 95" percentiles range) of posterior estimates of the stock and
recruitment parameters and predicted abundances for three models with a Beverton-Holt stock and
recruitment function. The asymptotic abundance estimates are based on runs of the equilibrium model
with life history parameters from the specific model fits and no fishing.

Model 4 Model 5 Model 6
Feature (BH-eggs to age-0) (BH-eggs to age-0) (BH-eggs to age-3)
Survival eggs to age-0
o 5.34 E-4 2.28E-4 na

(3.53 E-4 t0 8.27 E-4) (1.32 E-4 t0 4.02 E-4)
Survival age-0 to 3

assumptions S[01*S[1]*S[2] S[0to3] na
S 0.0631 0.163 na
(0.0449 to 0.0869) (0.103 to 0.249)
Survival eggs to age-3 in absence of density dependence
S 3.34 E-5 3.65 E-5 420 E-5

(2.45 E-5 t0 4.76 E-5) (2.51 E-5 to 5.65 E-5) (2.74 E-5 to 6.92 E-5)
Lifetime reproductive rate (number of recruits at age-3 per lifetime contribution of a spawner in absence
of density-dependent compensatory survival)

Age-3 5.5 5.0 4.9
(number) (49t07.1) (3.7t07.6) (3.7t07.4)
Asymptotic abundance (K; Beverton-Holt model)
Age-0 9.10 6.80 na
(millions) (6.25 to 12.46) (4.06 to 10.27)
Age-3 recruitment 566 1,074 3,705
(thousands) (383 to 834) (640 to 1,799) (1,622 to 7,373)
Equilibrium modelling abundance
Age-0 7.37 5.23 na
(millions) (4.94 t0 10.22) (2.87 to 8.38)
Age-3 recruitment 456 824 2,848
(thousands) (314 to 685) (444 to 1,466) (1,251 to 5,686)
Age 3 spawners 170 288 819
(thousands) (109 to 265) (159 to 508) (351 to 1,812)
Eggs 66,175 105,676 286,682
(millions) ! (37,433 to 182,588) (35,939 to 381,738) (106,334 to 908,776)

" Egg abundances corresponding to the asymptotic abundances of age-0 or age-3 from equilibrium modelling are
very high with large uncertainty because the stock and recruitment curve at that point (replacement point) is very flat
hence similar levels of recruitment are realized for a very large range of spawners.
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Table 6.1. Example management strategies based on size limits that could be considered to define
fishery reference points for Striped Bass.

Minimum size Maximum size

Retention (fork length, (fork length,
regulations cm) cm) Comment
No size limits na (30) na (150) Although no size limits are given, for purposes of
modelling, a minimum size of 30 cm was assumed
as the smallest fish that would be retained.
Although no maximum size limit is given, a
maximum size (150 cm) that exceeds the expected
size of any fish is assumed
Slot size 47 61 As per recreational fisheries plan of 2016 to 2020
Maximum size only na (30) 65 Although no minimum size limit is given, for

purposes of modelling, a minimum size of 30 cm
was assumed as the smallest fish that would be
retained.
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Table 6.2a. Model 5 - reference levels (median; 51 to 95" percentile range) derived from the equilibrium
modelling based on life history parameters and population dynamics parameters for the two scenarios of
values of M specific to the management strategy without any size limit for retention and no accounting for
catch and release mortality.

M informed from

References for Model 5 M = Z from modelling observations
Equilibrium abundance (ages 3 to 15+)at F =0
. 4,140 13,980
Total abundance (biomass, t) (2,120 to 11,450) (8,040 to 24,710)
2,320 4,700
Total abundance (number, thousands) (1,380 to 4,340) (2,800 to 8,060)
Spawner abundance (biomass, t) 2,810 10,340
’ (1,430 to 8,100) (5,400 to 19,410)
1,360 3,110
Spawner abundance (number, thousands) (800 to 2,620) (1,760 to 5,610)
104,300 413,900

Spawner abundance (eggs, millions)

MSY references (ages 3 to 15+)

(51,300 to 317,300)

(214,100 to 783,600)

Total abundance (biomass; t) (8901fc?%(,)600) (2,683?01 g,OOO)
Total abundance (number, thousands) (7401t,§?é(,)230) (1 ,46(2),:1032,130)
Spawner abundance (biomass, t) (5501t,(())12(,)350) (1 ,77813002,830)
Spawner abundance (number, thousands) (390 ?06(1)’240) (8501t‘352(,)550)
34,560 121,680

Spawner abundance (eggs, millions)

Fishing rate and yield at MSY

(18,190 to 85,230)

(65,990 to 224,330)

. 0.18 0.17
Fwmsy (fully recruited F) (0.12 t0 0.23) (0.15 to 0.19)
Fcrash (fully recruited F) © 6(:;)6?) 78) © ?:.38;) 1)

. 210 650
Catch at MSY (biomass, t) (130 to 380) (370 to 1140)
Catch at MSY (number, thousands) (100120270) (19033)0590)
Equilibrium abundance (age-3)
Total abundance (number, thousands) (500 ?:(1420) (5901t(<))0$690)

290 350

Spawner abundance (number, thousands)

(170 to 520)

(210 to 610)

Lifetime reproductive rate (number of recruits at age-3 per lifetime contribution of a spawner in
absence of density-dependent compensatory survival)

5.01 15.55
Age-3 (number) (3.73 to 7.59) (11.01 to 23.29)
Spawner potential per recruit references (ages 3 to 15+) (fully-recruited F)
0.19 0.12
0,
F at 50%SPR (0.14 t0 0.27) (0.11 t0 0.13)
0.39 0.24
1)
F at 30%SPR (0.28 to 0.53) (0.22 t0 0.27)
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Table 6.2b. Model 4 - reference levels (median; 5% to 95" percentile range) derived from the equilibrium
modelling based on life history parameters and population dynamics parameters for the two scenarios of
values of M specific to the management strategy without any size limit for retention and no accounting for
catch and release mortality.

M informed from

References for Model 4 M = Z from modelling observations
Equilibrium abundance (ages 3 to 15+)atF =0
. 2,540 8,050
Total abundance (biomass, t) (1,470 to 6,620) (5.210 to 12,600)
1,380 2,670
Total abundance (number, thousands) (920 to 2,340) (1,780 to 3,990)
Spawner abundance (biomass, t) 1,790 6,100
’ (1,040 to 4,730) (3,600 to 10,080)
Spawner abundance (number, 860 1,850
thousands) (570 to 1,480) (1,180 to 2,870)
66,700 244,000

Spawner abundance (eggs, millions)

MSY references (ages 3 to 15+)

(37,600 to 188,100)

(142,700 to 405,600)

. 970 2,620
Total abundance (biomass; t) (600 to 1,990) (1,730 to 4,000)
Total abundance (number, thousands) (490 302? 180) (9201t’320020)
. 650 1,900
Spawner abundance (biomass, t) (400 to 1,340) (1,190 to 3,010)
Spawner abundance (number, 420 860
thousands) (280 to 700) (570 to 1,300)
. 22,200 72,100
Spawner abundance (eggs, millions) (13,400 to 48,700) (44,400 to 115,700)
Fishing rate and yield at MSY
. 0.19 0.17
Fwsy (fully recruited F) (0.12 to 0.24) (0.15 t0 0.19)
. 0.73 0.88
Fcrash (fully recruited F) (0.65 to 0.82) (0.76 to 1)
. 140 370
Catch at MSY (biomass, t) (100 to 220) (240 to 580)
100 190
Catch at MSY (number, thousands) (70 to 150) (130 to 290)
Equilibrium abundance (age-3)
Total abundance (number, thousands) (3004t500670) (3505t?c’>0780)
Spawner abundance (number, 170 200
thousands) (110 to 260) (130 to 300)

Lifetime reproductive rate (number of recruits at age-3 per lifetime contribution of a spawner in
absence of density-dependent compensatory survival)

Age-3 (number)

Spawner potential per recruit references (ages 3 to 15+) (fully-recruited F)

5.45
(4.08 to 7.95)

15.72
(11.63 to 22.05)

0.19 0.12

0,

F at 50%SPR (0.14 to 0.26) (0.12t0 0.13)
. 0.39 0.24

F at 30%SPR (0.28 t0 0.52) (0.22 t0 0.27)
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Table 6.3a. Model 5 - reference point summaries (median; 5 to 95" percentile range) from the
equilibrium modelling based on life history and population dynamics parameters for the two scenarios of
values of M and for the default management strategy of no size limit for retention and no accounting for

catch and release mortality.

M informed from

Reference Units M = Z from modelling observations
Upper Stock Reference (spawners ages 3 to 15+)
80%Bwmsy Eggs (millions) 25,780 91,320
(13,460 to 63,420) (49,990 to 168,040)
Biomass (t) 780 2,450
(420 to 1,780) (1,360 to 4,450)
Number (thousands) 530 1,210
(310 to 1,020) (710 t0 2,110)
Eggs per fish 48,210 75,670
(4,0200 to 66,970) (64,820 to 86,000)
Eggs per kg 33,370 37,290
(31,370 to 36,070) (35,950 to 38,280)
Mean age of spawners 4.33 5.28
(4.05 to 5.04) (4.91 to 5.64)
Mean weight (kg) of spawners 1.45 2.03
(1.28 to 1.86) (1.8 to 2.25)
50%SPR Eggs (millions) 32,440 165,250
(16,110 to 72,360) (82,190 to 315,970)
Biomass (t) 950 4,280
(500 to 2,020) (2,190 to 8,120)
Number (thousands) 620 1,760
(360 to 1,150) (990 to 3,130)
Limit Reference Point (spawners ages 3 to 15+)
Brecover Eggs (millions) 200
Biomass (t) 6.5
Number (thousands) 4.5
40%Bwmsy Eggs (millions) 11,600 40,580
(5,970 to 28,660) (22,430 to 74,480)
Biomass (t) 370 1,160
(200 to 850) (650 to 2,090)
Number (thousands) 280 700
(160 to 580) (410 to 1,220)
Eggs per fish 41,440 58,030
(34,840 to 53,150) (50,080 to 65,850)
Eggs per kg 31,750 35,150
(29,660 to 34,220) (33,640 to 36,380)
Mean age of s