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1 Introduction

1.1 Background

Widely distributed species account for most of main stocks in the North East Atlantic
(NEA) (Merino et al, 2014). Four pelagic species, Atlantic mackerel $comber
scombruy sprat (Sprattus sprattu$, Atlantic herring ( Clupea harengysand blue whit-
ing (Micromesistius poutassQuaccount for more than 65% of the total catches and 95%
of pelagic species catches in the NEA (Merinoet al, 2014, Trenkelet al.2014). Demer-
sal species catches can be lower in proportion, but their price can double the pelagic
species and trend to be targeted by smaller vessels with implications to coastal liveli-
hoods and cultural value (Fernandes et al, 2016). Demersal widely distributed species
such ascod, haddock, saithe, plaice and hake are between the top 20 species in terms
of maximum catch contribution in FAO area 27. Other widely distributed species
might not be important in terms of total catches or monetary value, but ha ve high
ecological importance. For example, Norway pout is a key species in the food web
preyed upon by hake and saithe as well as aforage fish fisheries for fish meal and oil.
Because of their wide distribution these species have lower geographical barriers and
a higher capacity to change their distribution (Cheung et al, 2008; Trenkelet al.2014),
but are also highly vulnerable to environmental variability, including multi  -decadal
regime shifts (Chavez et al, 2003; Alheit et al, 2009; Barangeet al, 2009; Fernandeset
al,, 2010). The impacts of longterm climate change on these species, both in terms of
distributional shifts and mortality (Petitgas et al, 2012; Shephardet al, 2014), is there-
fore uncertain and potentially large. Historical collapse and recoveries of fish stocks have
been attributed to a combination of climate and fishing effects (Platcale 2010).In addi-
tion, populations that are heavily harvested are more likely to undergo further
changes in their spatial structure in relation to environmental changes (Hsieh et al.
2010 in Ciannelli et al.2013).

Temperature and primary production are acknowledged key drivers of species dis-
tribution and abundance that have been used for general projections of changes of
potential species and catches distribution (Jennings et al. 2008; Cheunget al. 2008).
Despite reproducing global and decadal trends well (Fernandes et al, 2013; Jennings
and Collingridge, 2016), these projections from models designed to be mechanistic
are not precise and realisic enough yet for the level of detail s needed to inform fish-
eries management (Dickey-Collas et al, 2014. This is partly becausethese modelsdo
not consider specific species or stock are often driven by additional drivers and local
geographical characteristics. Moreover, those projections have to deal not only with
the model and natural environment uncertainty (Payne et al, 2016), but also with
human decision uncertainty by using scenarios (Mullon et al, 2015). Conversely stock
assessment and empirical modelling work aims to be precise and realistic, but they
seem to have limited forecasting or generalization power beside year by year basis
(Rutterford et al, 2015). Moreover, fisheries management of specific species might
require early forecast when data for stock assessment is not yet available and require
forecast basedon satellite derived variable (Fernandes et al, 2009; 2010). This high-
lights our limitation on predicting the future, but it also shows that there is an in-
creasing capacity to consider long-term scenarios of change and its implications as
well as short-term likely scenarios. Our capacity to secure the needed resources to
provide operational tools that are regularly used for fisheries management advice is
limited. However, there are increasing efforts to link scientists and policy maker s
work (Thorpe, et al, 2016; Cartwright et al, 2016).
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Fish stocks in the Northeast Atlantic are managed partly through the EU Common
Fishery Policy, whose objective is to maintain or rebuild fish stocks to levels that can
produce their maximum sustainable yield (MSY). This p olicy is already yielding
measurable improvements on European Atlantic fisheries (Cardinale et al, 2013),
particularly in relation to widely distributed pelagic species (Fernandes and Cook,
2013). For example, Atlantic herring (Clupea harengysseems to have recovered from
overexploitation faster than expected (Nash et al, 2009), and the benefits to fisheries
could compensate for the negative environmental impact on capelin in the Northeast
Atlantic (Mullowney and Rose 2014). Despite these successes, thex are important
challenges to be addressed in terms of complexity and adaptive capacity (Boyes and
Elliot, 2014). Therefore, there is high uncertainty in relation to its capacity to address
new challenges in a preventive way rather than reactive. Recent examples include the
Brexit uncertainty (Boyes and Elliot, 2016), choke species as result of the new landing
obligation (Baudron and Fernandes, 2015) and demand for climate-ready manage-
ment (Queiros et al.2016). Finally, recent research highlighted the ecological and eco-
nomic benefits of fishing below MSY and that there is still a fishing overcapacity
(Hsieh et al, 2006),Merino et al, 2014; Shephardet al, 2014; DaRocha and Mato-
Amboage, 2015; Merino et al, 2015; Vosset al, 2015;Guillen et al, 2016; Thorpe,et
al.,2016).

The request and the ToRs for WKFISHDIS H
EU request on Distributional shifts in fish stocks (FISHDISH)

The ICES working group on Fish Distribution Shifts (WKFISHDISH)  was convened
to treat the request from DGMARE concerning distribution shift in commercial fish
stocks.

The Commission wishes to be informed of distributional shifts in fish stocks
that may have taken place since 1985 in relation to TAC management areas (or the
earlies available reliable time series year by region).

ICES is requested to:

1) Assess the proportion of each principal commercial species of fish
(see list below) that is distributed within each TAC management
area established for that species, from researsél gesvey and
additional information.

2) Identify any significant longterm trends in distributional
changes between TAC management areas and between stocks of
the same species.

3) Where appropriate, identify likely drivers for such changes.

4) Where appropriatgdvise on likely future trends.

List of principle commercial species with TACs, with sufficient survey information
for analysis.

Common name Latin Number TAC
management units

Anchovy Engraulis 2

Anglerfish Lophius 5

Blue whiting Micromesistius 2

Cod Gadus morhua 8

Common sole Solea solea 10
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Greenland Halibut

Reinhardtius

Haddock Melanogrammus

Hake Merluccius

Herring Clupea 14
Horse Mackerel Trachurus 2
Mackerel Scomber 3
Megrims Lepidorhombus 5
Norway pout Trisopterus 1
Plaice Pleuronectes 10
Pollack Pollachius pollachius 5
Saithe Pollachius virens 3
Sprat Sprattus 4
Spurdog Squalus 2
Whiting Merlangius 7

Approach agreed to answer the request:
ICES decided to treat this request with a 2 phases approach:

A. The identification of significant changes in distribution.
B. If changes are found, the identification of drivers and implications.

The identification of significant changes in distribution.

To be carried out by the ICES secretariat. Encode the TAC management units. For the
19 species, estimate using survey and other relevant information, the time trends in
abundance for each TAC unit and each stock area. This will form the basis for analy-
sis of relative trends. Within one survey area, the trends can be directly compared,
but wh en crossing over survey areas only the relative trends can be compared. This
work will be carried out largely by the ICES data centre in the ICES the secretariat.

The method used to identify significant shifts will be determined by WGECO in
spring 2016. Method then be applied to the time series for all 17 species to identify
significant shifts. This analysis will be completed by early October 2016.

If changes are found, the identification of drivers and implications.

The cases where shifts have been found vill be assessed at a 4 day ICES workshop in
November 2016 (WKFISHDISH- FISH Distribution Shifts). The workshop will use
published studies and information to identify likely drivers for such change (new
analysis will not occur). Drivers to be considered wil | include changes in fishing pat-
terns, environmental variability (including climate change and ocean basin wide pro-
cesses). The implications and likelihood of further change in the drivers will also be
addressed.

Definitions

1 TAC management unit ¢ the areaused by the EU for the local management of
TAC
I Stock areat the area used by ICES to described the distribution of a stock
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1 Survey areat the area of a time series of surveys, ie the area routinely sur-
veyed with a standard gear.

WKFISHDISH resolution

WKFISHDISH met on 22¢25November 2016 at ICES HQ, Copenhagen to deal with
three Terms of Reference:

ToR1:Consider the findings of the analysis of the shifts in fish distribution relative to
TAC management unit for 19 stocks carried out by the ICES secretariat.

ToR2: Where shifts in distribution have been detected, published studies and infor-
mation will be used to identify likely drivers for such change (new analysis will not
occur). Drivers to be considered will include changes in fishing patterns, environmen-
tal variability (including climate change a nd ocean basin wide processes).

ToR3: Comment will also be provided on the implications of the distribution shifts
and the likelihood of further change .

Populations, stocks, ICES areas, management areas

Fish species that occur in the northeast Atlantic are largely being assessed as several
separate stocks which are assumed to be seltontained, interbreeding units with
clear geographical boundaries. Historically, fish stocks have been defined based on
biological inf ormation, fisheries characteristics and any other relevant information
such as genetic studies and tagrecapture experiments. ICES areas and TAC man-
agement areas are being used to describe the expanse of stocks, the allocation of
TACs of said stocks, and the applicability of management measures for certain fisher-
ies (Figure 1.3.1).

Every year, countries with fisheries established within ICES areas carry out bottom
trawl surveys in their respective waters. Information from these groundfish surveys

is gathered by ICES and is readily available from the DATRAS database. The area
covered by these surveys overlaid on the ICES areas is shown inFigure 1.32. This
information, together with fisheries information and any additional observations (e.g.
physical data) can be used to assess changes in the distribution of species and identify
the forcing factors responsible for these changes.

Management measures for fish stocks are based on stock status (i.e. how much fish
can be harvested sustainably) and area (i.e. the poportion of the stock harvested in
each ICES area). For EU quota management, annual measures are agreed in the TAC
regulations (e.g. Council of the European Union, 2015; Council of the European
Union, 2016). While stock status is assessed for the stok area (e.g. areas 4, 6a and
3afor haddock), TACs are set for different ICES areas (e.g. haddock TACs are set for
areas 2a and 4 separately than for areas 5b and 6a) assuming a constant distribution
of fish throughout the stock area. An example is shown below for the EU part of the
Northeast Atlantic mackerel TAC.
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Species: Mackerel Zone: VI, VII, Vila, VIlIb, VIIId and Vllle: Union and inter-
Scomber scombrus national waters of Vb: international waters of lla,
XII and X1V

(MAC/2CX14-)

While the TAC is set for stock/area combinations, specific exceptions can be made to

address changes in distribution or the availability of a given stock in a certain area.

These sSGEE OO EWEDWEOOEDPUPOOUZ WEEOQWET wUUIT EwUOwUI Uwl
and how certain species may be exploited. An example of some of the special condi-

tions for fishing NEA mackerel in 2a and 4a during part of the year is shown below.

This special condition provides a temporary measure to address the changes in spa-

tial distribution of the stock.

Special condition:
within the limits of the abovementioned quotas, no more than the quantities given below may be taken in the following

zones and periods:

Union waters of Ila; Union and Norwegian waters
of IVa. During the periods from 1 January to

15 February 2016 and from 1 September to Norwegian waters of Ila Faroese waters
31 December 2016
(Mr\C“"*L\-E.\I) (MAC/*2AN-) (MAC/*FRO2)

Where new information provides a better understanding of the stock structure that
would be needed for sustainable exploitation of species, ICES recommends changes
in the management areas being used to manage the species. Where the change in
stock structure allows for maintenance of the TAC setting arrangements (e.g. when
combining multiple areas into one stock), the management approach may be to main-
tain the current m anagement areas but using the new scientific information as a way
to inform the overall TAC setting.
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9.b.1 P-b-
9

Figure 1.3.1.ICES areas (coloured blocks) with TAC management areas (numbered)
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1.4

Figure 1.32. Survey coverage overlaid on the ICES areas to assess the spatial extent considered for
the assessment of changes in distribution between stock areas. For example, Division 8.d is repre-
sented by 3 statistical rectangles traversing the shelf edge, and 7.k is represented by 9 statistical
rectangles in the north eastern corner covering approximately 25% of the area defined by 7.k.
Other regions are more completely covered, such as, 4.a and 4.b.

Structure of the report
The report is divided in four main section s:
1) This introductory section.

2) A section describing the approach and methods used to address each of the 3 ToRs;

3) A section where the 19 species are analysed one by one looking at evidences for
changes in distribution, potential drivers and implica tions of the distribution chang-
es.

4) A conclusions section summarizing the identified big movers (Torl), the drivers of
its distribution changes (Tor2) and future implications (Tor3).
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2 Approach used and methods

2.1 Changes in distribution

Data

The data employed in this analysis was obtained from the ICES DATRAS database
covering the various bottom and beam trawl surveys. A summary of these survey is
given in Tables2.1.1and 2.1.2
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Species Division Survey | Survey name | Gear | Quarter | Start year | Notes
3.a 2341 NS-IBTS Gov | 1,3 1979, 1991
3.b,c 2826 BITS TVS 1,4 1996, 1999
3.d 2826 BITS TVS 1,4 1999
4.a 2341 NS-IBTS GOV 1,3 1971, 1991
4.b 2341 NS-IBTS Gov | 1,3 1967, 1991
4.c 2341 NS-IBTS GOV | 1,3 1978, 1991
6.a 2701 SWC-IBTS GOV | 1,4 1985, 1990
6.b 3473 ROCKALL GOV | 3 1999 Data from the years 2000,2004, and 2010 missing
7.a 4784 NIGFS ROR 4 2009
Anchovy, 7.b 3520 IE-IGFS GOV | 4 2003
Anglerfish, Blue Whiting, Cod, Haddock, 7c 3322 SRPORC PORB | 3 2001
Hake, Hake, Herring, Horse Mackerel,
Makerel, Norway Pout, Pollack, Saithe, 7d 3497 FRCGFS Gov |4 1988
Spurdog, Sprat, Whiting 7.e 3417 BTS BT4S | 3 2006
7.f 3488 BTSVila BT4A | 3 1993 Beam trawl survey - not optimal
7.9 3024 EVHOE GOV 4 1997
7.h 3024 EVHOE GOV | 4 1997
7. 3024 EVHOE GOV 4 1997
7.k 3322 SPPORC PORB | 3 2001
8.a 3024 EVHOE GOV | 4 1997
8.b 3024 EVHOE GOV | 4 1997
8.c 3321 SPNORTH BAK 4 2001
8.d 3024 EVHOE GOV |4 1997
9.a 3320 SPARSA BAK 1,4 1996, 2003| Data from some years missing

Table 2.1.1. Summary of the bottom trawl survey data employed in the analysis
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Species Division Survey | Survey name | Gear | Quarter | Start year | Notes
3.a 2341 NS-IBTS GOV | 1,3 1979, 1991
3.b,c 2826 BITS TVS 1,4 1996, 1999
3d 2826 BITS TVS 1,4 1999
4.a 3417 BTS BT8 3 1998
4.b 3417 BTS BT8 3 1987
4.c 3417 BTS BT8 3 1987
6.a 2701 SWC-IBTS GOV | 1,4 1985, 1990
6.b 3473 ROCKALL Gov |3 1999 Data from the years 2000,2004, and 2010 missing
7.a 3488 BTSVlla BT4A | 3 1993
7.b 3520 IE-IGFS Gov |4 2003
7.c 3322 SP-PORC PORB | 3 2001
7d 3417 BTS BT4A | 3 1990

Megrim, Plaice, and Sole 3417 BTS 57ap | 3 2006
re 3417 | BTS BT4S | 3 2006
7.f 3488 BTSVlla BT4A | 3 1993
7.9 3488 BTSVlla BT4A | 3 1993
7.h 3024 EVHOE GOV |4 1997
7. 3024 EVHOE GOV |4 1997
7.k 3322 SP-PORC PORB | 3 2001
8.a 3024 EVHOE GOV |4 1997
8.b 3024 EVHOE GOV | 4 1997
8.c 3321 SP-NORTH BAK 4 2001
8.d 3024 EVHOE GOV | 4 1997
9.a 3320 SPARSA BAK 1,4 1996, 2003| Data from some years missing

Table 2.1.2. Summary of the beam trawl survey data employed in the analysis
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Method 1 : Presence- absence

The bottom- and beam trawl surveys
are based on sampling in some of the
ICES Statistical Rectangles in specific
quarters of the year. Each of the Statis-
tical Rectangles are associated with the
ICES area in which it resides. The fact
Ul EQw UOOI w Ul EVEOIT
more than one ICES area has been
solved by allocating the rectangle to
the division were most of the area of
the rectangle lies within.

The basic data used for this method is
the presence/absence of a given spe-
cies with a specific rectangle in a given
year. Due the varying spatial coverage
of the trawl surveys in each ICES area
through time, we have chosen the
measure of percent occurrence of the
particular species in each ICES area
(e.g. if 10 rectangles have been fished
and the species have been found in all

Ul EOEOT Ol Uz wUT EQwal E

100). Temporal trends in occurrence
were tested by using the Mann-
Kendall non -parametric test for mono-
tonic trends. Furthermore, maps
showing the occurrence by five year
periods were produced.

In order to avoid any bias between
different surveys only one survey per
ICES area has been chosen. Surveys
with the longest time serieswere cho-
sen. A list of the surveys used in this
analysis is given in Tables 2.1.1 and
2.1.2 Furthermore data from Quarter

2 has been excluded from this analysis
since this quarter has only been sam-
pled in the first part of the time series.

Method 2: biomass trends

Changes in biomass between two
management areas over time were
explored by investigating trends in
survey abundance over time. Specifi-
cally, for each year, an index of abun-
dance was estimated for each region
and the ratio of these was calculated
resulting in a relative measure of stock

distribution by year. For example, if
survey catchability is constant across
regions, then a ratio of 1 implies that
each region contained the same pro-
portion by weight. If catchability was
constant within each region over time,
then ratios were compared across
years to assess changes in stock distri-

Ol zbdtion vErkied O1 » w 0O w

CPUE by haul

Abundance indices were estimated by
converting numbers caught at length
to weight by taking all available ob-
servations of length and weight and
fitting the model assuming normal
errors

log(weight) ~ log(length) +
log(length):s(year) +
log(length):re(year) + s(year) + re(year)

@

where re(year) denotes a random ef-

.fect far each year, and s(year).denotes .
UOuJUIILuOE’E(LthJ | OElL,wbUuw
a smooth trend modelled ‘as” a thin

plate regression spline with degrees of
freedom given by 0.5 * the number of
years in the time series, or 9, whichev-
er was smaller. This model allowed for

a different length -weight relationship

in each year while also allowing for
trends over time, while also providing

a mechanism to predict a length
weight relationship for unsampled

years.

Equation (1) was applied to observa-
tions of length for each survey haul
resulting in an estimate of total catch
weight by haul. This was then divi ded
by the haul duration to give a catch
weight per unit effort of time for each
haul.

Abundance index by manage-
ment region and survey

Abundance indices by management
region and year were calculated (for
each survey) by estimating an index of
abundance by ICES statistical rectan-
gle and summing over all the statisti-
cal rectangles in each management
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region. The following was used to
model abundance in each statistical
rectangle:

log(cpue) ~ gmrf(statistical rectangle)

()

where cpue is modelled using gamma
errors on the log link and gmrf() de-
notes a spatial smoother in which
neighbouring statistical rectangles are
penalised to be similar to each other
(specifically, this is a 1st order random
walk on a lattice).

All models were fitted in R using the
gam function from the mgcv package.

Hypothesis testing can be carried out
by simulating from the above models.
For example, to test for a change in the
distribution of a stock between region

A and region B, the following can be 2.2

computed:

1) Estimate the length weight re-
lationship (1)

2) Apply the length weight rela-
tionship to the survey length
observations and calculate
CPUE by haul for each.

3) To the set of estimated CPUE
by haul and year fit model (2)
and then simulate 1000 draws
from the fitted model. This re-
sults in 1000 realisations of the
distribution of abundance for
each year.

4) Calculate the abundance in-
dex for each year for man-
agement regions A and B and
take ratios. This results in 1000
realisations of the time series
of abundance ratios.

5) Perform a Mann-Kendall test
for each simulation.

The result of this procedure is a simu-
lation of the significance of the pres-
ence of a monotonic trend in the log
ratios. The trend was taken to be sig-

nificant if the median significance
level was less than 0.05.

Calculat ing the centre of gravity of a
stock within a survey region

The centre of gravity was calculated
for each simulation from the spatial
model fitted to each year and survey.
The centre of gravity was computed
by taking the coordinates of the centre
of each datistical rectangle in the sur-
vey extent and calculating the
weighted average of the latitude and
longitude coordinates separately,
where the weights were the simulated
CPUE estimates from each model.
This allowed for the estimation of 95%
confidence intervals using the simple
percentile method.

Identifying the drivers

For each species, a literature review of
the published information regarding
the drivers of fish distribution and of
the changes thereof was carried out.

In order to facilitate the review p ro-
cess, a matrix approach was adopted.
Each participant was asked to insert
literature references as rows of the
matrix, and put the relevant infor-

mation in different columns related

either to observed changes distribu-
tion, or drivers identified. The poten-

tial  drivers proposed to the
participants were taken from a review

paper from Planque et al. (2011), and
are briefly described here (see the
original paper for more information

and examples):

- Geographical attachment:
the distribution of a spe-
cies is related mainly to
the geography, with areas
of high abundance occur-
ring recurrently in the
same locations. This can
be caused by the persis-
tence of particular biolog-
ical or physical features
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the influence the distribu-
tion of a population.

Environmental condi-
tions: The environment is
usually thought of as the
major factor that controls
the spatial distribution of

fish populations. This

constitutes an extension ¢
in the geographical space
t of the concept of ecolog-
ical niche (Hutchinson,

1957).

Density-dependent habi-
tat selection: where the
species expands its distri-
bution to areas of less
suitable habitat due to
density dependent effects
when the overall abun-
dance of the population
increases.

Spatial dependency: spe-
cies distribution may be
affected by inter-
individual interactions
(e.g. either gregarious or
territorial species)

2.3

Demographic _ structure:
distribution can be age re-
lated, therefore the de-
mographic structure of
the population may influ-
ence its overall distribu-
tion

Species interactions: the
way a species occupies its
potential habitat can be
modulated by resource

availability (prey), com-

petition for food or space

(competitors), or mortali-

ty (predators)

Memory : persistence of
years in the distributio n
of a species can be due to
individual memory pos-
sibility linked to natal

homing or to social inter-
actions (young individu-
als learning migration
routes from the older
ones)

- Other: among the other
potential  drivers not
mentioned in Planque et
al. (2011), a particularly
important one for ex-
ploited fish stocks is the
intensity and distribution
of fishing effort, which,
by being potentially not
uniformly distributed can
cause changes in distribu-
tion compared to an un-
exploited population.

Based on the information presented on
the matrix, syntheses were prepared
and presented during the workshop
for each species to discuss the likely
drivers of the distribution and of the
changes thereof. The matrix present-
ing the information collected during
the workshop is presented as annex 1
of this report.

Implicat ions and future changes

As one of the main tasks of this work-
shop was to identify the likely drivers
of changes in distribution of the se-
lected species it is important to high-
light if any of these drivers will ha ve
further implication in the future.
Warming temperature is often cited as
the main driver explaining spatial
changes for many of the species inves-
tigated here. With further increase in
temperature predicted this could af-
fect fish distribution in the future.
Several talks were delivered during
the workshop to highlight general
publications addressing species distri-
bution changes in the past, future pro-
jections and implications. The aim of
these talks was to boost discussion

and provide additional gintsg wOOwi O b w

to assessthe implications of future
changes. Finally, from the several con-
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tributions received during and after
the workshop a summary conclusions
section has been produced by several
scientists and revised by all partici-
pants.
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3 Analysis by species divisions (10 ICES areasare signifi-
cantly increasing, none is decreasing,
3.1 Anchovy see Table 3.11) since beginning of

1990s especially in the North Sea:
northern North Sea (4a), central North
Sea (b), southern North Sea (4c), and
nearby arealo w2 OET 1 UUEON* EUUI T EU
3.1.1.1 Analysis of ICES trawl data Eastern Channel () (Figure 3.11 and

3.1.1 Evidence for changes in
distribution

The presence/absence method show
clear increasing patterns in anchovy
occurrence probability in northern
Figure 3.12).

In southern divisions, such as these
included in the Bay of Biscay, trends
are non-significant, although time
series are too short (
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Figure 3.12). Moreover, trawl surveys might not be the most appropriate way to ob-
tain reliable estimates of this small pelagic fish.

3.1.1.2 Other evidence

The analysis of ICES trawl data is in agreement with previous studies indicating a
higher presence of anchovy reported since the 1990s in the North Sea (Bearet al.
2004, Petitgaset al.2012,Montero-Serra et al. 2015). In particular, anchovy catches in
the North Sea were rare between 1925 and 1994with EwUOEOOWE OOOI UEPEOQuwr UT
the Wadden Sea (Boddeke and Vingerhoed 1996) compared to recent years (Beareet
al. 2004).

In the Bay of Biscay stock, following a prolonged period of diminishing recruitment
in the bay, the stock collapsed in 2005 and the fishery remained closed until 2010
(Irigoien et al.2008, Petitgaset al.2010), after that is now recovering.

Table 3.11. ICES areas with significant trends in the probability of occurrence of anchovy in
survey halls. Mann -Kendall test for monotonic trends. *: P < 0.05; **; P<0.01; ***: P<0.001; NO: not
observed or very low occurrence. Red asterisk indicates decreasing trend whereas green indicates
increasing trend.

ICES Area Anchovy - all
years

Skagerrak-Kattegat (3a) ik

Danish Straits (3b,c) *

Baltic Sea (3d) i

N North Sea (4a) ok

C North Sea (4b) ik

S North Sea (4c) ik

NW of Scotland (6a) o

Rockall (6b) NO

Irish Sea (7a)

W of Ireland (7b) *

Porcupine Bank (7c) NO

Eastern Channel (7d) *

Western Channel (7€) NO

Bristol Channel (7f) NO

Celtic Sea N (79)

Celtic Sea S (7h) *

SW of Ireland E (7j)

SW of Ireland W (7k) NO

Bay of Biscay N (8a)
Bay of Biscay C (8b)

Bay of Biscay S (8c) NO
Bay of Biscay Offshore (8d)
Portuguese Waters E (9a) NO

Increase 10
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Decrease 0

3.1.2 Review of potential drivers

Warmer temperatures is possibly the main driver explaining the North Sea expansion
of anchovy population because it is associated with an expansion in its thermal habi-
tats (Bellier et al.2007, Lenoiret al.2011, Petitgaset al.2012,Zarraonaindia et al, 2012,
Raabet al.2013). The hypothesis of temperature as a driver is consistent also with the
subtropical distribution range of European anchovy in the eastern North and Central
Atlantic and ranging from northwest Africa in the south to the North Sea and the
Baltic Sea in the north (Froese and Pauly 2014) where the North Sea is within the
northern range boundary of this fish. The role of other factors such as the increase of
food availability might be also important in the North Sea; however, the increa se in
temperature along with expansions/contractions of distribution ranges appears to be
the main driver (Beareet al.2004, Petitgaset al.2012, Raabet al.2013) The increased
presence of anchovy in the North Sea may come from a remnant small population
rather than a northward shift from Biscay Bay populations in the south, according to
the genetic analysis and circulation modelling (Petitgas et al.2012) This is also sup-
ported by their apparent absence from the English Channel surveys during the peri-
od of population expansion within the North Sea (Montero-Serraet al.2015)

The collapse of the Bay of Biscay anchovy population was associated to the intense
exploitation by French and Spanish fleets (ICES 2013) in combination with un stable
environmental conditions (Borja et al. 2008) Because of their short lifespan, small
pelagic fish species react rapidly to environmental change, normally by expanding
and contracting their stock sizes Because warming climate is expected to increase
habitat availability for spawning and juvenile stages , anchovy in the bay could cope
better with environmental variability, compared to other fish species such as plaice
and Atlantic herring in the North Sea, and Atlantic cod in the Barents Seas (Petitgas et
al. 2013)

3.1.3 Implications of changes in distribution and future trends

3.1.3.1 Biological and ecological implications

The consequences of the latitudinal distribution shift in the anchovy due to thermal
changing habitat might mainly occur in the North Sea, where ancho vy catches were
extremely rare before 1990s (Bearest al.2004).

3.1.3.2 TAC management areas

The expansion of anchovy population in the North Sea would not have a direct con-
sequence since this stock is not regulated by TACs in this area. On the other hand, if
its exploitation in the future is maintained in a sustainable and profi table manner, a
country might claim a quota.

3.1.3.3 Choke species?

Anchovy species is not a choke species because in general is caught without bycatch.
Furthermore, since anchovy is not managed in the North Sea, this cannot act as a
choke speciesas long as it remains nonrmanaged.
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3.1.3.4 Future expectations? Northern shifts? Northern constrains?

Habitat distribution for anchovy are expected to experience northward shift under
climate change scenarios, anl specially improved suitability for the North Sea (Lenoir
et al.2011) Concerning specifically the Bay of Biscay population, spawning depends
on the season, sea temperature, prevailing winds, salinity, among others (Motos et al.
1996, Ibaibarriaga et al. 2007, Planqueet al. 2007) Therefore, changes in abundance
and phenology are expected to occur on this population under climate change scenar-
ios that project higher temperature and lower primary production in the continental
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Figure 3.11. Trends in anchovy in northern TAC units.
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Figure 3.12. Map of anchovy presence through time.
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Anglerfish

The anglerfish encompasses two species, white anglerfish [ophius piscatorius and
black-bellied anglerfish (Lophius budegasgawhose TAC is shared by five manage-
ment units. The stock assessment developed both for west, southwest of Ireland and
Bay of Biscay (divisions 7.btk, 8.a b, and 8.d), and for Cantabric Sea and Atlantic
Iberian waters (divisions 8.c and 9.a) show, in general terms, a similar historic scenar-
io of the fishery for the two species. This can be summarized with a good state of the
stock in the early-mid 80s followed by overexploitation period in the early -mid 90s, to
an increasing production of the two species in the last decade and with stock in the
Cantabric Sea and Atlantic Iberian waters exploited at a rate that is consistent with
producing the highest catch from in the long term (Figure 3.2.%43.2.4, ICES 2016). In
the areas North Sea, Rockall and West of Scotland, Skgerrak and Kattegat (subareas
4 and 6 and Division 3.a) the analytical assessment combines the two species. In this
case, the stock status is undefined besides a recent increase in the last year.

Stock size: EVHOE biomass index Stock size: SPPGFS biomass index
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Figure 3.2.1. White anglerfish (L. piscatorius) in divis ions 7.btk, 8.atb, and 8.d. Left: biomass (kg
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Figure 3.2.2. White anglerfish (L. piscatorius) in divisions 8.c and 9.a. Summary of stock assess-
ment: F (30-130 cm) and SSB (weights in thousand tonnes).
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Figure 3.2.3. Blackbellied anglerfish ( L. budegassg in divisions 7.b tk, 8.atb, and 8.d. Stock size
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Figure 3.3.4. Blackbellied anglerfish ( L. budegassg in divisions 8.c and 9.a. Summary of stock
assessment: FFMSY (bottom left), and B/BMSY (bottom right) with 80% confidence intervals
(shaded area).

L. piscatoriusdisplays a larger bathymetric and geographic distribution reaching Ice-
landic waters and the Barents Sea, while the limit of the distribution of the L. bugegas-
sais the north of British Islands. There is a geographical gradient in the contribution
of the two species, with a higher contribution of L. piscatoriousn the northern areas,
through a more balanced contribution of the two species in the Bay of Biscay and
Cantabric Sea, to a higher contribution of L. budegassi the Portuguese coast. Finally,
it is also worth noticing that the some trawl surveys such as those in the Bay of Bis-
cay, Cantabric Sea and Portugal only capture a demographic component d the popu-
lation, the juvenile component, since larger individuals are distributed deeper.

3.2.1 Evidence for changes in distribution

3.2.1.1 Analysis of ICES trawl data
Presenc@bsence analyses

For L. piscatorius the trends in the probability of occurrence show significant increas-
ing trends in the North Sea from the early 70s to early 90s when this increase stabi-
lized (Figure 3.2.5). In the more recent years, a significant increase in the presence of
this species was only observed in the Irish Sea Figure 3.2.5).In the southern man-
agement units, increasing trends in occurrence were observed in the Bay of Biscay
being only significant in the north ( Figure 3.2.5), while a decreasing trend in the
probability of presence was observed in the south Celtic Sea from early 2000s Figure
3.2.5).
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Figure 3.2.5. Trends in presence/absence (i.e. probability of occurrence) of L. piscatorius in the
North Sea (4a and 4b), Irish Sea (7a), Bay of Biscay (7a) and the Celtic Sea (h). Only the areas
with significant trends are presented.

Regarding L. budegasseonly recent and light, but significant increase in the occur-
rence were observed in the Northern areas such as North Sea, Rockall the Porcupine.
In the southern areas, the two Bay of Biscay areas show increase in the occuence
(Figure 3.2.6).
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Figure 3.2.6. Trends in presence/absence (i.e. probability of occurrence) of L. budegassain the
North S ea (4a and 4b), Rockall (&), Porcupine b ank (6c) and Bay of Biscay (7a and 7b). Only the
areas with significant trends are pres ented.

Centre of gravity of abundance by surveys

The centres of gravity changed for L. piscatoriusin the recent years but, surprisingly,
they showed opposed trends between seasons. In the IBTS Q1, this species showed a
displacement to the southeast form late 90s to late 2000s, inverting again the tendency
in the recent years (Figure 3.2.7). However, in the IBTS Q3, the tendency is the op-
posed with a smooth but progressive shift towards the northwest ( Fig 3.2.7). This
evidences seasonal migration behaviour of this species within the North Sea, but this
migration pattern has changed in the last two decades. No evidence of trends were
observed in the rest of surveys apart of certain inter-annual fluctuations in certain
areas (see for instance the patter in theBay of Biscay, Figure 3.2.8) that sometimes are
not easy to disentangle from the lack of sufficient information in certain years.
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