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Reference points (RPs)

{ |:MSY&BMSY }

i

Target RPs = aim of long term management plan

Trigger or threshold RPs = should trigger management action

Limit RPs = should be avoided (impaired productivity)

{ BIim } { MSY Btrigger }
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BMSY vs MSY Btrigger
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BMSY vs MSY Btrigger

/3 stocks in the NE Atlantic
All Category 1 stocks
MSY Byigger from ICES

Busy estimated using the same
methods used to estimate Fy;gy

Combined using JARA
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BMSY vs MSY Btrigger

MSY Btrigger i BMSY
MSY Btrigger — NGOOA) Of BMSY
Varies between 5% and 120%

7 stocks in the Baltic Sea

Cod (24%), herring (80%), sprat
(60%), plaice (31%) and sole (69%)

Anglerfish -
Black-bellied anglerfish
Blue whiting -
Cod-

Golden redfish 1
Greater silver smelt -
Haddock -

Hake -

Herring 1

Horse mackerel -
Ling -

Mackerel -
Megrim -
Northern shrimp 4
Plaice -

Saithe -

Sardine A

Sea bass-

SoleH

Sprat

Turbot A

Tusk A

White anglerfish
Whiting

Witch
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;{!ﬁ Used to give catch advice based on
current stock status (SSB/MSY Biyigger)
BMSY vs MSY Btrigger N J
[ F set at FMSYJ
Missing 40% :
SSB not large enough
\ to support F = Fysy
I:MSY 070,
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Age structure Category 1 stocks
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Age structure
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Calculating ABlusy

Older fish

Spawning

Resilience

SUCCEeSS

Communication

on space use

hke.27.3a46-8abd - Hake in the North Atlantic

Age structure at Fysy Age structure in 2020
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ABlysy

Current status:
45 StOCkS - ABIMSY < 1 (62(y0)

27 StOCkS = ABIMSY > 1 (38(y0)

Stock ID

22 stocks - ABlysy < 0.5 (31%)

-

. Most recent ABIy sy value

Range of ABI,;sy Values

—L over the last 5 years

~

F/Fusy

ank.27.78abd 1
aru.27.5a14
aru.27.5b6a

bss.27.4bc7ad-h+
bss.2d7.28ab-

cod.2127.1f14+
cod.27.1-2
c0d.27.22-24+
c0d.27.47d20
cod.27.5a+
cod.27.5b1+
cod.27.6a+
cod.27.7a4
cod 27 7<1a l2<
had 27 46a20
had.27.5a+
had.27.5b
had.27.6b
had.27.7a-
had.27.7b-k+
her.27.1 24a514a-
her.27.

her. 27 25 2932-

her 27 3031
her.27.3a47d
her.27.5a
her 27 irls 1
7.nirs-
hke.27. 3346 8abd -
hke.27.8c9a -
hom.27.2a4a5b6a7a-ce-k8 -
hom.27.9a+
Idb.27.8c9a -
lin.27.5a
lin.27.5b 1
mac.27.nea-
meg 27 7b-k8abd 4
.27.8c9a
mon 7.78abd
mon.27.8c9a -
pil.27.8abd+
pil.27.8c9a-
ple.27.21-23 1
ple.27.420
ple.27.7a+
ple.27.7d+
pok.27.1-2 1
pok.27.3a46 -
pok.27 .5a+
pok.27.5b 4
pra 27.3ada-
req.27.1-24
reg.27.561214+
s0l.27.20-24 1
sol.27.4+
sol.27.7a4
s0l.27.7d
sol.27.7e
sol.27.7fg
s0l.27.8a
spr.27.22- 32
tur.27.4 1

whg.27. 1
wit.27. 3a47d
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Species
® Black-bellied anglerfish
® Blue whiting
@ Cod
Golden redfish
Greater silver smelt
Haddock
Hake
Herring
Horse mackerel
Ling
Mackerel
Megrim
Northern shrimp
Plaice
Saithe
Sardine
Sea bass
Sole
Sprat
Turbot
Tusk
@ White anglerfish
® Whiting
® Witch
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hom.27.2a4a5b6a7a-ce-k8 A

spr.27.22-32
her.27.3031 4
her.27.28+4
her.27.25-2932 1
her.27.20-24 4
cod.27.22-24 1
pil.27.8abd 4
|db.27.8c9a 4
bss.27.8ab
whg.27.7b-ce-k -
sol.27.8ab
s0l.27.7fg
mon.27.78abd 4
meg.27.7b-k8abd A
her.27.irls A
had.27.7b-k
cod.27.7e-k 1
s0l.27.7e
sol.27.7d 1
ple.27.7d 4
pok.27.5b 1
lin.27.5b 4
had.27.5b+
cod.27.5b1
aru.27.5b6a+
usk.27.5a14 1
reg.27.561214 4
pok.27.5a+
lin.27.5a
her.27.5a
had.27.5a
cod.27.5a+
c0d.2127.1f14 4
cod.21.14
aru.27.5a14 4
pil.27.8c9a 4
mon.27.8c9a+
meg.27.8c9a 4
hom.27.9a 1
hke.27.8c9a
whg.27.7a+
s0l.27.7a+
ple.27.7a+
her.27.nirs 4
had.27.7a+
cod.27.7a+
ank.27.78abd 4
wit.27.3a47d A
whg.27.47d A
tur.27.44
s0l.27.4 4
$01.27.20-24 A
pra.27.3a4a
pok.27.3a46
ple.27.420
ple.27.21-23 4
hke.27.3a46-8abd 4
her.27.3a47d A
had.27.46a20 A
c0d.27.47d20+
bss.27.4bc7ad-h A
reg.27.1-2
pok.27.1-24
had.27.1-2
cod.27.1-2 1
whb.27.1-91214 4
mac.27.nea-

her.27.1-24a514a+
had.27.6b A
whg.27.6a
cod.27.6a

2 1
log(value)

Area

Baltic Sea
@ Bay of Biscay
Celtic Seas
English Channel
Faroes grounds

Greenland grounds
Iberian waters

Irish Sea

North Sea
Northeast Arctic
Northeast Atlantic
Rockall

West of Scotland

ABlysy

aru.27.5b6a 4
aru.27.5a14 A
hom.27.9a 4
hom.27.2a4a5b6a7a-ce-k8 -
spr.27.22-32 4
pil.27.8c9a
pil.27 .8abd
her.27.nirs 4
her.27.irls -
her.27.5a 4
her.27.3a47d -
her.27.3031 4
her.27.28 4
her.27.25-2932 A
her.27.20-24 -
her.27.1-24a514a -
whg.27.7b-ce-k -
whg.27.7a+
whg.27.6a -
whg.27.47d -
whb.27.1-91214 -
pok.27.5b
pok.27.5a
pok.27.3a46 -
pok.27.1-2 4
hke.27.8c9a -
hke.27.3a46-8abd 4
had.27.7b-k
had.27.7a
had.27.6b -
had.27.5b A
had.27.5a -
had.27.46a20 -
had.27.1-2 1
cod.27.7e-k+
cod.27.7a+
cod.27.6a -
cod.27.5b1 4
cod.27.5a
cod.27.47d20 A
c0d.27.22-24 1
cod.27.1-2 1
c0d.2127.1f14 4
cod.21.14
mon.27.8c9a
mon.27.78abd
ank.27.78abd -
usk.27.5a14 1
lin.27.5b
lin.27.5a 4
bss.27.8ab
bss.27.4bc7ad-h 4
pra.27.3a4a
wit.27.3a47d
ple.27.7d 4
ple.27.7a
ple.27.420 4
ple.27.21-23 4
mac.27.nea-
tur.27.4 4
meg.27.8c9a 4
meg.27.7b-k8abd -
Idb.27.8c9a
reg.27.561214 4
reg.27.1-2 1
so0l.27.8ab
sol.27.7fg 4
so0l.27.7e
s0l.27.7d 4
sol.27.7a+
s01.27.4 1

Stock ID

s01.27.20-24 1
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Taxonomic family

Argentinidae
@ Carangidae
Clupeidae
Gadidae
Lophiidae
Lotidae
Moronidae
Pandalidae
Pleuronectidae
Scombridae
Scophthalmidae
Scorpaenidae

Soleidae
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B,,, — limit reference point

B, — often based on assumed
recruitment impairment

Often not observed in well
managed fisheries

Might be estimated, based on
lowest observed SSB or a fraction
of By

Recruitment (number)

SSB (tonnes)
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B,,, — limit reference point

154 Wl

What if we did it differently?

B cbuiqg = lowest biomass from
which a stock can reach By et
within an agreed time horizon
(years or generation time) and an
agreed F

Recovery Time (Years)

Trebuila = time to By, gt based on

current state (tracker) 0-

-
o
|

(@)
1

T T T T T \
0.00 0.25 0.50 0.75 1.00 \
Initial State (SSB/Bysy)
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Including older fish in fisheries management: A new age-based
indicator and reference point for exploited fish stocks
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Abstract

Larger and older fish contribute disproportionately to spawning and play an important
role in the replenishment of exploited stocks. Fishing often removes specific size-
and age-classes, with direct impacts on stock productivity and population resilience.
Despite this, fisheries advice is commonly based on estimates of spawning stock bio-
mass (SSB) and fishing mortality (F) and makes little reference to the importance of
size and/or age structure. Consequently, there is a need for indicators of size and/
or age structure to better inform fisheries management and help assess global sus-
tainability goals. Here, we introduce a new age-based indicator ABl,,s, that monitors
age structure relative to the equilibrium age structure at Fy,. We apply this new
indicator to 72 commercially important stocks in the Northeast Atlantic, covering 26
species, which collectively contributed 86% of all commercial catches in the region in
2019. We estimate that 62% (45 stocks) currently have proportionally fewer older fish
relative to ., conditions, whereas 38% (27 stocks) have proportionally more older
fish; we also note patterns with respect to geographic area and taxonomic family.
Simulation testing demonstrated that ABI,q, is responsive to overfishing and gener-
ally tracks (with high sensitivity and specificity) acommon measure of stock depletion,
SSB relative to By Throughout, we show that ABI., provides information on the
age structure of exploited stocks that is complementary to conventional reference
points for SSB and F. Further, the framework used to estimate ABl,,c, make it well
placed for integration into current advisory frameworks on fisheries management.
KEYWORDS

age structure, BOFFF fish, fisheries advice, good environmental status, maximum sustainable
yield, stock assessment

Age-structure work — https://doi.org/10.1111/faf.12789

Busy V MSY Byigqer Work - https://doi.org/10.1111/faf. 70066
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Assessing the Progress of Stock Rebuilding in the Northeast
Atlantic Against Levels That Can Produce Maximum
Sustainable Yield
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Christopher Griffiths'

*Department of Aquatic Resources, Insttute of Marine Research, Swedish University of Agricultural Sciences, Lysekil, Sweden | Fishery and
‘Aquaculture Division, Food and Agricultural Organization, Rome, Lazio, ltaly | *Centre for Environmental Policy, Imperial College London, London,
UK | *Wageningen Marine Research, Iimuiden, the Netherlands

Correspondence: Massimiliano Cardinale (massimiliano.
Received: 12 March 2025 | Revised: 6 December 2025 | Accepted: 9 January 2026

Keywords: age structure | biomass at MSY | common fisheries pol ry | sustainable fisheries | targets versus triggers

ABSTRACT

Rebuilding fish stocks to levels above which they produce Maximum Sustainable Yield (MSY) is a management aim for all
European commercially exploited stocks. Progress is typically monitored against the fishing mortality that produces MSY in
the long term (Fy,), however, the corresponding biomass target (By,q,) is rarely evaluated nor reported. Here, we analyse a
unique database of 73 quantitative ICES stock assessments to provide estimates of By, across the Northeast Atlantic and apply
a Bayesian state-space model to estimate joint trajectories of F/Fycy and B/By,g,. Our results confirm that median fishing mor-
tality has substantially decreased from its peak in 1999 to i Despite this, approximately half of the stocks
remain fished above F,,q,, ith 36% exceeding 1.2X Fys,. Biomass increased on average from below 0.5 By, in 2000 to 0.68
By in 2020, but only 40% of stocks are currently above By,g, and only 35% have an age structure that is comparable with fishing
at Fygy. Biomass relative to the ICES trigger point (MSY B,,,) indicates that more than 70% of stocks are currently within safe
biological limits. However, using MSY B, as a surrogate for By, results in an over-optimistic classification of stock status,
‘which conflicts with past levels of exploitation and may hinder stock rebuilding and the achievement of MSY objectives. Future
projections from individual assessment forecasts predict further increases in B/B,,q, under current F levels. However, to achieve
Byey by 2030, a ‘perfect’ implementation of the ICES Advice Rule would be required.
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