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Directed Sardine HCR

Minimum TAC = 10 000t

Maximum TAC = 200 000t

Plotted assuming a low TACy-1
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Minimum TAC = 10 000t

Maximum TAC = 200 000t

Stable TAC = 65 000t ?
Stable TAC = 50 000t ?

Stable TAC = 75 000t ?

Plotted assuming a low TACy-1
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Critical Biomass threshold 
= 300 or 350 or 400 000t ?

Plotted assuming a low TACy-1

Critical Biomass metarule
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If TACy-1 = 150 000t, 20% constraint on inter-annual decrease applies:
0.8×150 000t = 120 000t

Max inter-annual 
decrease of 20%
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If TACy-1 = 150 000t, 20% constraint on inter-annual decrease applies:
0.8×150 000t = 120 000t

Max inter-annual 
decrease of 20%

Discontinuous
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Directed Sardine HCR

If TACy-1 = 150 000t, 20% constraint on inter-annual decrease applies:
0.8×150 000t = 120 000t

Max inter-annual 
decrease of 20%

Linear Smoothing applied over a 
range of 100 or 350 000t ?
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Plotted assuming a low TACy-1

Critical Biomass metarule
– includes new constraint on inter-annual variation



Constraints on inter-annual 
increase/decrease when By-1<Bcrit

• When Critical Biomass metarule employed (By-1<Bcrit), 
TACy calculated from quadratic curve without any 
constraint on inter-annual variability

(i) TACy constrained to increase*/decrease by at most 
x% from TACy-1 if By-1<Bcrit

(ii) TACy constrained to increase*/decrease by at most 
x% from min(TACy-1; �𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 1 − 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 ) if By-1<Bcrit

e.g. 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50 & 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 =0.3 : 71 429t 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 =65 & 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 =0.3 : 92 857t
𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50 & 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 =0.5 : 100 000t 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65 & 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 =0.5 : 130 000t

* Constraint is max{0.2TACy-1, 10 000t}



Stable TAC and metarule % change

• 75 000t stable TAC only possible under the  
Reference Case

Reference 

Case

Option i) Option ii)

𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.3 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.4 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.5 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.3 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.4 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.5

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50 0.170 0.074 0.091 0.106 0.088 0.103 0.112

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65 0.145 (0.15095) 0.060 0.083 (0.15095) 0.065 0.084

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 75 0.108 (0.1589) (0.15475) (0.15155) (0.1589) (0.15475) (0.15155)



Stable TAC and metarule % change

• 65 000t stable TAC not possible with 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.3
• β decreases as 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 increases
• β decreases as 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 decreases

(tighter constraints)

Reference 

Case

Option i) Option ii)

𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.3 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.4 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.5 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.3 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.4 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑆𝑆 = 0.5

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50 0.170 0.074 0.091 0.106 0.088 0.103 0.112

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65 0.145 (0.15095) 0.060 0.083 (0.15095) 0.065 0.084

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 75 0.108 (0.1589) (0.15475) (0.15155) (0.1589) (0.15475) (0.15155)
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• 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 from 50 000t to 65 000t (𝛽𝛽 decreases)
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• 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 from 50 000t to 65 000t (𝛽𝛽 decreases)
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• 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 from 50 000t to 65 000t (𝛽𝛽 decreases)
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• 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 from 50 000t to 65 000t (𝛽𝛽 decreases)
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• Moving from RC to metarule constraint

0
10
20
30
40
50
60
70
80
90

100

1 2 3 4 5 6 7 8 9 10 11 12 13

To
ta

l C
at

ch
 ('

00
0t

)

40
%

-6
5

30
%

-5
0

40
%

-5
0

50
%

-5
0

50
%

-6
5

40
%

-6
5

30
%

-5
0

40
%

-5
0

50
%

-5
0

50
%

-6
5

RC
-7

5

RC
-6

5

RC

Stable TAC and metarule % change
Option (i) Option (ii)



• Moving from RC to metarule constraint

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1 2 3 4 5 6 7 8 9 10 11 12 13

M
ed

ia
n 

An
nu

al
 V

ar
ia

tio
n 

in
 To

ta
l 

Ca
tc

h

40
%

-6
5

30
%

-5
0

40
%

-5
0

50
%

-5
0

50
%

-6
5

40
%

-6
5

30
%

-5
0

40
%

-5
0

50
%

-5
0

50
%

-6
5

RC
-7

5

RC
-6

5RC

Stable TAC and metarule % change
Option (ii)Option (i)



Stable TAC and metarule % change
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Stable TAC and metarule % change
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• p(TAC<20) lower under options (i) and (ii)
• CB declared ‘unnecessarily’ 15%
• CB not declared when necessary 11-12%
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Example Trajectories
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Reference Case: 𝛽𝛽 = 0.17 & 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50
Opt (ii): 𝛽𝛽 = 0.084 & 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65

True Biomass
Survey estimate of biomass

Higher 𝛽𝛽

Higher 𝛽𝛽 and lower MAV



0

250

500

750

1000

1250

2016 2021 2026 2031 2036

To
ta

l S
ar

di
ne

 B
io

m
as

s 
('0

00
t)

0

25

50

75

100

125

150

175

200

2016 2021 2026 2031 2036

To
ta

l D
ire

ct
ed

 S
ar

di
ne

 C
at

ch
 

('0
00

t)

0

25

50

75

100

125

150

175

200

2016 2021 2026 2031 2036

To
ta

l D
ire

ct
ed

 S
ar

di
ne

 C
at

ch
 

('0
00

t)

0

250

500

750

1000

1250

2016 2021 2026 2031 2036

To
ta

l S
ar

di
ne

 B
io

m
as

s 
('0

00
t)

Example Trajectories

Reference Case: 𝛽𝛽 = 0.17 & 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 50
Opt (ii): 𝛽𝛽 = 0.084 & 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65

True Biomass
Survey estimate of biomass

Slower decrease under metarule

Higher 𝛽𝛽 and lower MAV



Alternative Bthresh and Linear 
Smoothing range
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Option (i) Option (ii)

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆 = 65
frequently applied

Only ~12% in 
350 – 450 000t
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