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Purpose

 Context of fisheries assessments and
management advisory process

 Different models for assessment and
advice

— Avallability and quality of data
— Uncertainty

« ICES’ advisory sheets
Cefas
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Overview

Biological background
Assessment and advisory process
State of stocks

Interpreting ICES’ advice
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Diverse — over 300 shelf species

Fish (and shellfish) !



*Species
*Populations = stocks
*TACs ~~ stocks
-som_etimes not even
species

*E.g. rays

*TACs by ICES’ areas

Fish stocks




ICES Divisions and Exclusive Economic Zones (EEZS)
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Why assess fish stocks?

To assess whether the exploitation rate is too high or too
low In relation to management objectives for the fisheries
exploiting them and whether the rate is sustainable in the
long term.

To assess whether there are sufficient mature fish in the
sea to allow the stock to replace itself over time.

To examine trends over time.
To forecast future catches.

Overall - to (try to) manage the exploitation rate.
Cefas



Age and growth

8

<€

Maturity
> MLS=35cm

Maturity (%) |

E
L
e
B 60
=
3

6 7 8 9 10 11 12
Age (years)

Figure 1. Growth and maturation of North Sea Cod




* Age one year
« 20 cm (8 ins)

Minimum landing

 Age three years size: 35 cm

* 50 cm (20 ins)

| North Sea stock is
* Age six years mainly comprised
* 80 cm (32 ins) fish below 5-years
old

e Maximum size

* ~150 cm (39 ins) Maximum recorded age is

15 years (Macer & Easey)

#  Average North Sea cod size /7
Cente e <~Cefas
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. . ICES
Information from fish ) CIEM

* Length
* Weight
* Age

0
/‘w.
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Age composition of an unfished stock
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Most of the unfished stock is fish
greater than 5 years old Cefas



Age composition at high fishing rates
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At current rates of fishing most of the stock
iIs made up of fish less than 5 years old




Age composition at high fishing rate
with larger (200 mm mesh)

1350

1200
1050

Biomass (k tonne)

- 3288828

3 4 5 6 7 8 9 10 11 12
Age (years)

Figured4. Age composition of North Sea Cod biomass at current rate
of fishing with 200 mm mesh

A larger proportion of the stock is made up of
mature fish Cefas



The effect of mesh size
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Figure 5. Effect on spawning stock biomass of fishing, for various mesh sizes
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e Increasing fishing effort leads to fewer fish surviving from
one year to the next.

* It changes the age/size structure of the population and leads
to lower catches and lower spawning stock size ...

» Therefore, you need to fish harder to take the same catch.
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Why try to manage?
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Cﬁ%\thousand tonnes
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A typical protion fun:i:;:f‘sh stock. te r m yi e | d a n d
profit
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Fishing Activity —3p
Relationship of earnings and costs to fishing activity.
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Affects bio-economic performance  Affects sustainability of stock

Growth

Overfishing Recruit

Overfishing

T

Catch

Fishing Mortality (F)
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Decisions made should be based on:

e Scientific advice

* Sustainability
(MSY for now but could be MEY in the future)

*Need for continued discard reduction
(unwanted catch and by-catch)

ceeforEnvionrent | r@e@ Ministerial prlnC|pIes @/\T)B\)CEfaS
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« On average the fishing fleet caught 10 t per week last year.
« On average the same fleet caught 5 t per week this year.

» Therefore we can infer that the stock this year is only half as big
as it was last year.

* So, if they caught 50,000 t last year and it caused the stock to
half in size, then the stock must have been about 100,000 t last
year.

» Well not quite that easy!

2 Stock assessment s easy ... ? [T
Skt <>Cefas
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What is the state of the stock?

Evaluation of the current state of the stock and the
rate at which it is being exploited

What has happened to the stock?
Reconstruction of the dynamic history of the stock
allowing an evaluation the response to exploitation
What will happen to the stock?

Prediction of the response to future exploitation and
the risks associated with harvesting strategies

Stock assessment (and advice)

<= Cefas



Recruitment
information

CPUE and
survey data

Assessment

Discard data

We need
information on:;

-Life-cycle of the
species

 Exploitation
(catches, by-
catch, discard,
etc.)

*How that activity
affects the
population
(CPUE, survey-
based indicators)




Stock assessment is easy?

Data rich stock with an accepted analytical
assessment and forecast for MSY

— Cohort analysis

Cefas






* Measure of the proportion of fish taken from a stock each
year by fishing activity
— Fishing mortality (F)

» Total weight of a species population capable of reproducing
— Spawning stock biomass (SSB)

* Number of fish becoming available to a fishery stock in a year

— Recruitment (R)
— Number of any one annual spawning (Year-class)

Terminology




Data requirements

Information from catch

e Amount
* Location
e Timing

* Bycatch

From ports, log books & observers

- - ICES
Information on population trends: surveys CIEM

e Trawls

* Acoustics
e Plankton
= TN

Research vessels & industry




« Changes in distribution over survey area over time for many
species

« Age composition by species
« Species composition

* Pre-recruit estimates — for predicting recruitment

0 Trawl/acoustic surveys o
Cente e <~Cefas
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Phs 00 - = =00

w @ e
00000 =000 0 =

Qquuc 00500050

00000
OQ0o000000 =)=
=00

Cefas



=000

e
o J0a-

o

0000

O
@o

class

1996 year

Q. -
00000000000 o
00()o = 0O s 00 o
QooO - c 0
000« s 00

year-class

Cefas



Agel

Age 2

Age 3

Age 4

Age 5

Age 6

Age 7

Acoustic survey over time

1990

2000

2010

Cefas



Gear selectivity projects:

Survey time-series for * gillnets; Nephrops; flatfish;
selected stocks: industrial fisheries

» distribution/abundance/size- /
age composition \

Demonstration projects: / \ Other projects:

* catch composition - ghost-net retrieval

* survival - deep-water fishery
- new fisheries

Fishery Science Partnership (FSP)

Cefas



This produces a stock assessment
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To provide the advice for next year’s catches

We project forward with our best knowledge
(maturity, growth, recruits, impact of fishing gear, natural death etc)
across a range of fishing scenarios.
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This year

Last year Next year

Timing of Assessments and Advice

2013 2014 2015

Fisheries Data

Assessment

Catch Predictions

Advice

i

Assessment WG in 2014,

assesses State of Stock at end of 2013 &

predicts stock and catch in 2014and 2015

Centre for Environment
Fisheries & Aquaculture

Science

From assessments to /ﬁ(‘

advice =< Cefas



« Assessment in year 2014, gives the stock size and F at start of
2014 (those fish surviving fishing in 2013).

» Catch prediction is for 2015 so have to assume something
about catch, F and recruitment in 2013 — what?

* Produce a range of catch options for 2015, but advise catch
corresponding to MSY objective.

?ﬁtreforEnvironment From assessments tO /{f/\(—
Fisheries & Aquaculture a d Vl ce @\?))\) Cefas
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» Scientists advise a range of catch options corresponding to
different levels of fishing mortality.

» Headlines: Scientists advise ...; e.g. reduction in TAC:
 Advice based on prescribed policy objectives; e.g. in line with MSY.

#  From assessments to /(:(
reneres s paoioe A Vi C@ =< Cefas
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Selected examples
of the
state of stocks
and advice
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Celtic Sea ecoregion

West of Scotland

& Rockall
Cod (Vla; Vib)

Haddock (Via; VIb) w \we| 4 P Irish Sea
Whiting (Vla; VIb) v /% 7 «f - Cod
Anglerfish (llla,IV,VI) ({%“:w L q Harl]qqock
Megrim (IVa-Vla; VIb) | | 2} 7 qg 2 B \é\:ai'éleng
Vilct| Viie2 | Vi e R o
Tge)phrops (FUs11-12- [, | ,C,.f ) f = f/ 1. soe
Iy"‘-, Vilk2 Tv“g V—II:;;&{‘? e J{i’r’/& - | . Nephrops
AN AEeqilF. = (FUs 14-15-19)
X Vilh '/ . M;_ st o
Celtic Sea & Jid, — Y
West, Southwest Ireland e |
Ville1 7 ¥
Cod (Vlle-k) yd VAL

_____

[ ville2|

Haddock (VIIb-k)

Whiting (Vlle-k)

Plaice (CS; VIIh-k; Vllbc)
Sole (CS; Vlih-k; Vlibc)
Northern hake

Anglerfish (VllIb-k, Vlllabd)

Megrim (V1ib-k, Viliabd) Which of the 3 stocks would you like to discuss?
Nephrops (FUs 16-17-20-22)

Western Channel
» Plaice (Vlle)
« Sole (Vlle)

Cefas



Cod Vlle-k

. Landings . Recruitment (age 1) 2009 y/c
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Landings in 1000 t

Recruitmentin millions
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17 Fishing Mortality Spawning Stock Biomass

1.0
====sMSYBtrigger

0.8

0.6

Flages 2-5)

0.4

SSBin 1000 t

0.2

0.0
1971 1976 1981 1986 1991 1996 2001 2006 2011 1971 1976 1981 1986 1991 1996 2001 2006 2011

Figure 5.4.6.1 Cod 1n Divisions VIle-k (Celtic Sea cod). Summary of stock assessment (weights in thousand tonnes).
Predicted values are shaded. Top right: SSB/F for the time-series used in the assessment.




Cod VIl e-k Basis of 2014 TAC

* Assumptions: 2012 Fishing mortality =
Average of 2010-2012 = 0.43

* Gives predicted 2013 landings of 8,398 t
—c.f. TAC 2013 = 10,200 t

 Basis for 2014 forecast: F = F,qy = 0.4 —
gives 6,848, t (-33% on 2013 TAC):
agreed 2014 TAC = 6,848 t

Cefas



Cod Vlle-k 2104 forecast

Outlook for 2014

Basis: Fy13 = F = (mean Fag10—Fa012) = 0.43; Ryp3 = GM (1971-2010) = 4830 (thousands); landings (2013) = 8398 t;
SSB (2014) = 17 206 t.

Rationale Landings Basis F SSB %SSB % TAC
(2014) (2014) (2015) change ” | change ?

MSY approach 6548 5350
7

Other options 14 899

L TAC—-15% N o s v
8670 (2012 0.80) S

10 200 Stable TAC 0.67 11 706
. TAC+15% i .
2 82 2
1726 (Fao13 ¢ 1.15) o1
Weights 1n tonnes.

Y'SSB 2015 relative to SSB 2014.
? Landings 2014 relative to TAC 2013.

Cefas



Haddock VIIb-k

Catches Recruitment (age 0)

2009 y/c

D Discards OLandings

Catchin 1000t

Recruitment in millions

il

1993 1999

—==-Fmsy . . .
Fishing Mortality Spawning Stock Biomass = == = MSYBtrigger

SSB in 1000t

Figure 5.4.11.1 Haddock in Divisions VIIb-k. Summary of stock assessment (weights in thousand tonnes). Predicted

recruitment values are shaded; Recruitment, fishing mortality, and SSB: dotted lines 1 standard error. Top
right: SSB/F for the time-series used in the assessment.




Haddock Vllb-k Basis of 2014 TAC

* Assumptions: 2012 Fishing mortality =
Average of 2010-2012 = 0.72

* Gives predicted 2013 landings of 10,061 t,
catches of 11,621t — c.f. TAC 2013 =
14,148 t

 Basis for 2014 forecast: F = F;qv = 0.39 —
gives catch of 5,218 t and landings of
3,602 1, t(-75% on 2013 TAC): agreed
2014 TAC =9,479 t (-33% on 2013 TAC)

Cefas



Haddock Vlib-k 2014 forecast

Outlook for 2014

Basis: F (2013) = F,, (2010-2012) = 0.72; SSB (2014) = 12.6; R (2013) = 290.479 million = GMigg; 2010:
Landings (2013) = 10 061; Catches (2013) =11 621.

Rationale | Catch | Land. | Disc. Basis FTotal | Fland” | Fdisc.” | SSB” | %SSBY %TAC
(2014) | (2014) | (2014) (2014) | (2014) (2014) | (2015) | change®” | change®
MSY

‘ 4521 | 3098 | 1423 Fusy =0.33 0.33 0.28 0.05 20218 +60% —78%
approach

MSY (Fao10 X 0.2) +
transition 5281 3602 1679 (Fysy * 0.8)

Zero catch 0 0 0 F=0 0 0 0 25140 +09% —100%

Other 0 0 0 Fro3 % 0.8 0.57 0.49 0.09 17 329 +37% —66%

options 4852 Fro3 % 0.9 0.64 0.55 0.1 16 576 +31% —63%
5300 Faoss 0.72 0.61 0.11 15 863 +26% —60%
5720 Fro;3 < 1.1 0.79 0.67 0.12 15 187 +20% —57%
12026 —15% TAC 3.99 33 0.59 3077 ~76% —15%
13172 Stable TAC inf?
15148 +15% TAC inf"

0.39 0.34 0.06 19 398 +54% —75%

Weights 1 tonnes.

U Total F was split into a discards and landings component based on the average ratio of landings and discards in the
last three years.

2 SSB 2015 relative to SSB 2014.

3 Commercial landings 2014 relative to TAC 2013 (14 148 t).

% Due to the projected decline in the population 1t will not be possible to land more than approx 13.2 kt m 2014, even at
very high F.

¥ The projected SSB in 2015 is highly dependent on assumed recruitment in 2013 and therefore very uncertain.




Sole Vlle

Landings Recruitment (age 1)

A R

Landings in 1000 t

Recruitmentin millions

il Ml
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050 - Fishing Mortality o= FMSY Spawning Stock Biomass - Blim
—..— Bpa
0.40 -

0.20 -

MSYBtrigger

Flages 3-9)
SSBin 1000 t

0.10 -

D~UD T T T T T T T T T
1965 1574 1575 1984 1985 1994 15999 2004 2009 1965 1974 1979 1584 1589 1994 1995 2004 2009

Figure 5.4.36.1 Sole in Division VIle (Western Channel). Summary of stock assessment. Assumed recruitment values are
shaded. Top right: SSB and F for the time-series from the assessment.




Sole Vlle Basis of 2014 TAC

* Assumptions: 2012 Fishing mortality =
Average of 2010-2012 = 0.25

» Gives predicted 2013 landings of 866 t —
c.f. TAC 2013 =890t

 Basis for 2014 forecast: F = F,qy = 0.27 —

gives 832, t (-% on 2013 TAC): agreed
2014 TAC =832t

Cefas



Sole Vlle 2014 Forecast

Outlook for 2014

Basis: F (2013) = F.y= Fa0102012 rescaled = 0.25: SSB (2014) = 3129: R (2013) = GM060-2010 = 4345 thousand:

landings (2013) = 866.

Rationale

Catch
(2014)

Basis

Fmta]
(2014)

SSB
(2015)

% SSB
Changel

)

2%TAC
'l’CZh-zmg«a-1

)

MSY approach

832

Fusy

0.27

2894

—8%

—T%

Management Plan

832

Fue target

0.27

2894

—8%

—7%

Zero catch

0

F=0

0

3713

+19%

—100%

Other options

764

TACy15— 15%

0.24

2961

—5%

—15%

1028

TACa3+ 15%

0.35

2701

—14%

+15%

483

F13 % 0.6

0.15

3237

+3%

628

Fa13 0.8

0.20

3093

—1%

o
o
—46%
L]

—30%

398

Fao3 < 1.2

0.30

2829

—10%

0%

1023

Fap3 = 14

0.35

2706

—14%

114%

Weights in tonnes,
D'9SB 2015 relative to SSB 2014,

ICatches 2014 relative to TAC 2013,




Brief consideration of shellfish:
generally, data-limited

Cefas



Shellfish

 Cefas deals with:

— Scallops
— Crabs

— Lobsters
— Nephrops
— Whelk

 |[FCAs — deal with stocks that are

exclusively inside 6-mile limit
Cefas



Commercial importance

1
2
3
4
5
6
/
3
9

UK: 2014

Mackerel
Nephrops
Scallops
Haddock

Crabs

Lobsters

Monks or Anglers
Cod

Hake

Whelks

England: 2014

105.5
98.2
58.2
49.4
44.2
33.3
31.4
27.8
19.7

Scallops
Crabs
Lobsters
Sole
Whelks
Nephrops
Monks or
Cockles
Bass
Cuttlefish

Anglers

ICES Landings &

22.0
21.1
17.7
12.2
11.4
10.1
8.4
7.9
6.7
6.5

MMO annual statistics

Cefas



Shellfish

Data are more limited than for fin-fis
South-west shellfish stocks reasona
North Sea shellfish stocks less gooo

1
nle to good

Lobster fishing mortality in North Sea seems to
be very high, but is somehow sustainable

Only a few scallop assessments at present; e.g.
Inshore Cornish waters and Lyme bay

Both indicate moderate - high exploitation rate.
Not dangerously high but probably above MSY

reference points

Cefas



Shellfish - Issues

* Need for accurate recording of shellfish
landings and effort — data are poor.

* FAD records of <10 m landings for crab in
North Norfolk indicate low tonnage,
whereas shellfish return records show
significantly higher tonnage.

Cefas



Shellfish iIssues

* Need good estimate of numbers of pots
deployed, but not routinely recorded.

 Also true for scallop dredges — need good
estimates of catch and effort.

Cefas



Looking to the future

* Importance of life-history/length-based
assessment

— Inclusion of more diverse species in the
assessment process where expertise and
difficulty in reading otoliths/scales and the

collection of them is limited.

— Species where ageing methods are not yet developed
such as elasmobranches.

— Large uncertainties in the aging methodologies - hake.

— Managing stocks other than through an
International TAC is becoming more important
and wide spread.

Cefas



Stock assessment levels:

Purpose of
assessment:
estimation of ...

Stock status
(Spawning stock
biomass)

Exploitation rate
(Fishing mortality)

Reference points

Less
information=
more uncertaint

>
=
=
0

Assessment type

1: Quantitative: analytical

2: Qualitative: analytical

3: Survey trends

4: Catch only

5: Landings only

6: By-catch fishery

Advice type
Maximum

Sustainable Yield

Data-limited
MSY proxy

Precautionary
approach

Common Fisheries Policy



