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Executive summary

The Working Group on Small Pelagic Fishes, their Ecosystems and Climate Impact
(WGSPEC) has met during its second reporting period (2013-2015) in Malaga (Spain),
Santa Cruz de Tenerife (Spain) and Thessaloniki (Greece). Scientists from the General
Mediterranean Fisheries Council (GFMC) from Greece, Italy, Spain and Turkey played a
vital role in the WG. The meetings were attended by experts in climate variability, physi-
cal oceanography, zooplankton and fisheries biology.

The overarching theme of the WG was the impact of the Atlantic Multidecadal Oscilla-
tion (AMO) and related physical drivers such as the contraction of the subpolar gyre, the
weakening of the North Atlantic Oscillation (NAO) and the eastward shift of the Iceland-
ic Low on the dynamics of Eastern North and Central Atlantic ecosystems including
North Sea and Mediterranean. The early focus of the WG was on small pelagic fishes.
Dynamics of abundance and migrations of populations of small pelagic clupeoid fish
such as anchovy (Engraulis encrasicolus), sardine (Sardina pilchardus), sardinella (Sardinella
aurita), sprat (Sprattus sprattus) and herring (Clupea harengus) in the eastern North and
Central Atlantic between Senegal and Norway vary in synchrony with the warm and
cool phases of the Atlantic Multidecadal Oscillation (AMO). This is shown by compiling
retrospective data on fish catches and anecdotal observations, which in some cases date
back to the mid-19th century. It is not primarily the temperature which drives the dy-
namics of the small pelagic fish populations. Instead, the AMO seems to be a proxy for
complex processes in the coupled atmosphere-ocean system of the North Atlantic. This is
manifested in large-scale changes in strength and direction of the current system that
move water masses around the North Atlantic and likely involves the North Atlantic Os-
cillation (NAO), the Atlantic Meridional Overturning Circulation (AMOC), the Mediter-
ranean Overflow Water (MOW) and the subpolar gyre (SPG). The contractions and
expansions of the SPG apparently play a key role. This was particularly obvious in the
mid-1990s, when the SPG abruptly contracted with the result that warm subtropical wa-
ter masses moved to the north and east. Small pelagic fish populations in the eastern
North and Central Atlantic, including those in the Mediterranean responded quickly by
changing abundances and migrating northwards. It seems that the complex ocean-
atmosphere changes in the mid-1990s caused a regime shift in the ecosystems of the east-
ern North and Central Atlantic and the small pelagic clupeoid fish populations are the
sentinels of this shift. WGSPEC extended these studies to other components of NE Atlan-
tic ecosystems, particularly plankton, larger pelagic and demersal fish species with a par-
ticular view to the regime shift in the mid-1990s. WGSPEC also started to assemble and
analyse different data sets on early life stages of small pelagics, with the aim of investi-
gating the effect of environmental change on their recruitment. The future work of
WGSPEC will be a global comparison of climate variability impact on small pelagics.

Based, inter alia, on a recommendation by WGSPEC, ICES and PICES decided to organize
a PICES/ICES Symposium on “Drivers of Pelagic Fish Resources” in early 2017 in Victo-
ria, Canada. WGSPEC will prepare presentations for this meeting.

For the last six years, scientists of ICES and the General Fisheries Council of the Mediter-
ranean (GFCM) have been cooperating successfully in WGSPEC.
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1 Administrative details

Working Group name

Working Group on Small Pelagic Fishes, their Ecosystems and Climate Impact (WGSPEC)

Year of Appointment

2013

Reporting year concluding the current three-year cycle

2015

Chairs

Jirgen Alheit (Germany)

Priscilla Licandro (UK)

Meeting venue(s) and dates

2013 Fuengirola/ Malaga (Spain), 25 February-1 March 2013, 6 participants
2014 Santa Cruz de Tenerife (Spain), 10-14 March 2014, 11 participants
2015 Thessaloniki (Greece), 30 March-3 April, 8 participants

2 Terms of Reference and Summary of Work plan

a) Specific analysis of climate impact of regime shift around the mid-1990s on
ecosystenms of NEAtlantic, incl. Mediterranean and NW African upwelling,
with a focus on dynamics of AMO/AMYV and N Atlantic gyres:

1) understand respective physical mechanism;
2) study reactions of plankton and small pelagic fish;
3) compare with similar events in 1t half of 20t century.
b) Study mechanisms that link the variability of the small pelagic fish popula-
tions in different ocean basins with the large scale climatic forcings.
¢) Global comparison of climate variability impact on small pelagics.
d) Impact of climate variability on recruitment of small pelagics in different re-

gions of the North eastern Atlantic and Mediterranean.

e) Produce four short paragraphs for the ICES Ecosystem Overviews on the state
of the pelagic habitat (oceanography and biology), one paragraph for each of
the following ICES ecoregions: Greater North Sea, Celtic Seas, Bay of Biscay &
the Iberian coast and Baltic Sea.

Summary of Work plan

Year 1 Specific analysis of climate impact and respective physical and biological processes
around the mid-1990s
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Year 2 Specific analysis of climate variability impact on recruitment of small pelagic fishes and
non-clupeid small pelagics
Year 3 Summing up of results of WGSPEC
3 Summary of Achievements of the WG during 3-year term

e  WGSPEC successfully proposed to organize PICES/ICES Symposium 2017
on“Drivers of Small Pelagic Fish Resources” in Victoria, Canada, Mar 6-10

e Participation of and close collaboration with scientists of General Fisheries
Council of Mediterranean (GFCM) from Greece, Italy, Spain, Turkey

e Special Issue on Atlantic Multidecadal Oscillation-mechanism and impact on
marine ecosystems. 2014. J. mar. Syst. 133: 1-130. Ed. by Jiirgen Alheit, Kenneth
F. Drinkwater and Janet A. Nye

e Alheit, J.,, Licandro, P., Coombs, S., Garcia, A., Giraldez, A., Santamaria,
M.T.G,, Slotte, A., Tsikliras, A. 2014. Atlantic Multidecadal Oscillation (AMO)
modulates dynamics of small pelagic fishes and ecosystem regime shifts in the
eastern North and Central Atlantic. J. mar. Syst. 131: 21-35

e Alheit, ], Drinkwater, K.F., Nye, J.A. 2014. Introduction to special issue: Atlan-
tic multidecadal oscillation-mechanism and impact on marine ecosystems. J.
mar, Syst. 133: 1-3

o Alheit, Groeger, Licandro, McQuinn, Tsikliras, et al. (in prep.) Changes in NE
Atlantic and Mediterranean in mid-1990s (working title)

e Tsikliras, Licandro, McQuinn, Groeger, Alheit. (in prep). Synchronization of
Mediterranean pelagic fish populations with Atlantic Multidecadal Oscillation.

e Licandro, Bonanno, Coombs, Jiménez, Petrillo, Somarakis, Tsikliras, Alheit. (in
prep.). Impact of environmental changes on recruitment of small pelagics in
the Mediterranean and North-East Atlantic.

4 Final report on ToRs, work plan and Science Implementation Plan

All work done by WGSPEC responds to the Science Priorities 1-4 of the ICES Science
Plan.

Progress and fulfilment by ToR

ToR A) Specific analysis of climate impact of regime shift around the mid-1990s on eco-
sys-tenms of NEAtlantic, incl. Mediterranean and NW African upwelling, with a focus on
dynamics of AMO/AMYV and N Atlantic gyres:

1) understand respective physical mechanism;
2) study reactions of plankton and small pelagic fish;

3) compare with similar events in 1% half of 20th century.
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ToR was fulfilled. The results have been published in: Alheit, ]., Licandro, P., Coombs, S.,
Garcia, A., Girdldez, A., Garcia Santamaria, M.T., Slotte, A., Tsikliras, A.C. 2014. Atlantic
Multi-decadal Oscillation (AMO) modulates dynamics of small pelagic fishes and ecosys-
tem regime shifts in the eastern North and Central Atlantic. J. mar. Syst. 133: 88-102.
(open access)

Abstract:

Dynamics of abundance and migrations of populations of small pelagic clupeoid fish
such as anchovy (Engraulis encrasicolus), sardine (Sardina pilchardus), sardinella (Sardinella
aurita), sprat (Sprattus sprattus) and herring (Clupea harengus) in the eastern North and
Central Atlantic between Senegal and Norway vary in synchrony with the warm and
cool phases of the Atlantic Multidecadal Oscillation (AMO). This is shown by compiling
retrospective data on fish catches and anecdotal observations, which in some cases date
back to the mid-19th century. The AMO is defined as the de-trended mean of North At-
lantic (0-60°N) sea surface temperature anomalies. However, it is not primarily the tem-
perature which drives the dynamics of the small pelagic fish populations. Instead, the
AMO seems to be a proxy for complex processes in the coupled atmosphere-ocean sys-
tem of the North Atlantic. This is manifested in large-scale changes in strength and direc-
tion of the current system that move water masses around the North Atlantic and likely
involves the North Atlantic Oscillation (NAO), the Atlantic Meridional Overturning Cir-
culation (AMOC), the Mediterranean Overflow Water (MOW) and the subpolar gyre
(SPG). The contractions and expansions of the SPG apparently play a key role. This was
particularly obvious in the mid-1990s, when the SPG abruptly contracted with the result
that warm subtropical water masses moved to the north and east. Small pelagic fish pop-
ulations in the eastern North and Central Atlantic, including those in the Mediterranean
responded quickly by changing abundances and migrating northwards. It seems that the
complex ocean—atmosphere changes in the mid-1990s, which are described in the text in
detail, caused a regime shift in the ecosystems of the eastern North and Central Atlantic
and the small pelagic clupeoid fish populations are the sentinels of this shift.

ToR B) Study mechanisms that link the variability of the small pelagic fish populations in
different ocean basins with the large scale climatic forcings.

ToR has been fulfilled. Two manuscripts are in preparation. However, one (Alheit et al.)
is somewhat delayed by health problems of key authors, but will be finished in 2015.

These manuscript are a follow-up of the previous one above. It extends the results gained
on small pelagics and includes other ecosystem compartments such as zooplankton and
non-pelagic fishes. It demonstrates very clearly that there was a regime shift in the mid-
1990s in all ecosystems of the eastern North and Central Atlantic investigated in syn-
chrony with the contraction of the subpolar gyre, strong weakening of NAO, eastward
shift of Icelandic Low and increase of AMO.

ToR C) Global comparison of climate variability impact on small pelagics.

This ToR had to be moved to the WGSPEC meeting in 2016 because of health problems of
key authors.
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ToR D) Impact of climate variability on recruitment of small pelagics in different regions
of the North eastern Atlantic and Mediterranean.

In a climate change scenario, the identification and conservation of suitable habitats for
pelagic fish species represents a main challenge. Evaluating the impact of climate varia-
bility on small pelagic fish in southern European seas is considered a high priority by
researchers and stakeholders at present, as for many years studies have focused on larger
predatory fish (e.g. cod) and more northern marine ecosystems (e.g. North Sea).

European anchovy (Engraulis encrasicolus), which together with sardine (Sardina pilchar-
dus) sustain about 50% of the Fisheries in the Mediterranean, has significantly decreased
in the last decade in the Mediterranean as well as in other regions of the North Eastern
Atlantic. A link between environmental change and recent poor recruitment of anchovy
has been hypothesized, but the environmental factors mainly responsible for such failure
in recruitment are yet to be clarified. Within WGSPEC we investigate the influence of
different environmental factors on spatio-temporal variability of anchovy stocks (from
larvae to adults) in different Mediterranean regions (i.e. Ligurian Sea, Strait of Sicily
Channel, North Aegean Sea), which have been identified as key areas for the spawning
and recruitment of European anchovy. The results of this study will contribute to identify
environmental preferences associated with a successful recruitment of European ancho-
vy. Comparison with similar studies conducted in the North eastern Atlantic (e.g. West-
ern English Channel, Gulf of Cadiz) will help clarifying the mechanisms that link the
variability of small pelagic fish populations in different ocean basins to the large scale
climatic forcing.

ToR E) Produce four short paragraphs for the ICES Ecosystem Overviews on the state of
the pelagic habitat (oceanography and biology), one paragraph for each of the following
ICES ecoregions: Greater North Sea, Celtic Seas, Bay of Biscay & the Iberian coast and
Baltic Sea.

WGSPEC did not have a possibility to work on this additional ToR. Whereas experts on
these regions participated in WGSPEC meetings during the first 3-year period, they did
not join from 2013-2015. Consequently, the respective expertise has to be sought outside
of WGSPEC.

Science highlights
e Abundance fluctuations of fish populations correspond to alternating AMO
phases.

e Regime shifts in eastern North Atlantic ecosystems are associated with AMO
dynamics.

e AMO affects Mediterranean fish populations.

e European clupeoid populations exhibit synchronous multi-decadal changes in
abundance.

e Contraction of sub-polar gyre assumed to trigger synchronicity in fish popula-
tions.
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5 Cooperation
e Cooperation with other WG
Instead of a formal cooperation with WGOH and WGZE, WGSPEC chose to
respective experts to integrate directly in its work.
e Cooperation with Advisory structures: no
e Cooperation with other IGOs: no
6 Summary of Working Group evaluation and conclusions

WGSPEC has adopted the Science Plan Objectives:

e Describe and quantify the state of North Atlantic Ocean regional systems.
e Understand and forecast the impacts of climate variability and change of ma-
rine ecosystems.
Main achievements:
e  WGSPEC successfully proposed to organize PICES/ICES Symposium 2017 on
“Drivers of Small Pelagic Fish Resources” in Victoria, Canada, Mar 6-10

e Participation of and close collaboration with scientists of General Fisheries
Council of Mediterranean (GFCM) from Greece, Italy, Spain, Turkey

e Six publications and manuscripts
ToRs:

ToR C) had to be moved to the WGSPEC meeting in 2016 because of health
problems of key authors.

ToR E) was suggested by SCICOM. It was not done, as WGSPEC did not have
the respective expertise.

Continuation of WG is required.

Conclusions

The work of the WGSPEC highlighted consistent changes in the stocks of

small pelagics of the North-eastern Atlantic and Mediterranean, that appeared
to be related with large scale climatic variability. This result outlines the need
of developing a large-scale Ecosystem-Based Fishery Management approach in
support to regional management, to exploit small pelagics stocks in a sustain-
able way.
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Annex 2: Draft multi-annual resolution 2016-2018

The Working Group on Small Pelagic Fishes, their Ecosystems and Climate Impact
(WGSPEC), chaired by Priscilla Licandro, UK, and Athanassios Tsikliras*, Greece, will
work on ToRs and generate deliverables as listed in the Table below.

MEETING

DATES VENUE REPORTING DETAILS

COMMENTS (CHANGE IN CHAIR,
ETC.)

Year 2016 TBA TBA Interim report by 15 May to
SSGEPD

Year 2017 Interim report by

Year 2018 Final report by

ToR descriptors

DESCRIPTION BACKGROUND
ToR

SCIENCE PLAN
TOPICS
ADDRESSED

EXPECTED
DELIVERABLES

DURATION

A Global comparison of Support action for
climate variability impact SICCME
on small pelagics

1,2,3,4

1 year Review paper

B Impact of climate Support action for
variability on SICCME
recruitment of small
pelagics in different
regions of the North
eastern Atlantic and
Mediterranean

1,2,3,4

1.5 Years Review paper

C Preparation of joint
presentations for
PICES/ICES Symposium in
2017 on Drivers of Pelagic
Fish
Resources

1,2,3,4

1.5 years 2-3 presentations

Summary of the Work Plan

Year 1 Global comparison (A), Impact on recruitment (B), preparation of presentations

Year 2 Preparation of presentations

Year 3 Summing up of results of WGSPEC
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Supporting information

Priority

This Working Group has a high priority because the impact of climate
variability on small pelagic fishes and their ecosystems has been largely
ignored, as, in the past, ICES had put its focus on climate studies of larger
predatory fish (cod) and more northern ecosystems.

This working group contributes to the preparation of the PICES/ICES
Symposium on ‘Drivers of Pelagic Fish resources’ in Victoria, Canada, 2017.
This Working Group is a support action for the Strategic Initiative on Effects
of Climate Change on Marine Ecosystems (SICCME) of ICES.

This Working Group is an ideal vehicle to continue and strengthen
collaboration with PICES which was successfully started some years ago in
the field of small pelagics and climate by joint workshops and theme sessions.
This Working Group cooperates with scientists of the General Fisheries
Council of the Mediterranean (GFCM).

Resource requirements

None

Participants

The participants of this Working Group should represent different disciplines
such as fisheries science, planktology, physical oceanography, climatology.

Scientists from the General Fisheries Council of the Mediterranean (GFCM)

Secretariat facilities

None.

Financial No financial implications.
Linkages to ACOM and There are no obvious direct linkages.
groups under ACOM

Linkages to other
committees or groups

The Working Group will link up with other ICES groups such as SICCME,
WGOH, WGZE.

Linkages to other
organizations

The Working Group will seek close cooperation with other international
organisations, particularly from the North Pacific (PICES) and the
Mediterranean (GFCM).
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Annex 3: Copy of Working Group self-evaluation

1) Working Group name

Working Group on Small Pelagic Fishes, their Ecosystems and Climate Impact

(WGSPEC)

2) Year of appointment: 2010

3) Current Chairs

Jiirgen Alheit (Germany)
Priscilla Licandro (UK)

4) Venues, dates and number of participants per meeting
2013 Fuengirola (Spain), 25 Feb-1 Mar 2013, 6 participants
2014 Santa Cruz de Tenerife (Spain), 10-14 Mar 2014, 11 participants
2015 Thessaloniki (Greece),30 Mar-3 Apr, 8 participants

WG Evaluation

5) Research priorities of the Science Plan to which the WG makes a significant

contribution

WGSPEC has adopted the Science Plan Objectives:

e Describe and quantify the state of North Atlantic Ocean regional systems.

e Understand and forecast the impacts of climate variability and change of ma-
rine ecosystems.

It contributes to the Science Priority areas:

1.

Assess the physical, chemical and biological states of regional
seas, and investigate the predominant climatic, hydrological, and
biological features and processes that characterize regional eco-
systems.

Quantify the nature and degree of connectivity and separation
between regional ecosystems.

Quantify the differential effects of climate change on regional
ecosystems, and develop species and habitat vulnerability as-
sessments for key species.

Understand the influence of climate impacts across a range of
spatial and temporal scales, from local to global and from season-
al to multidecadal, and identify indicators of climate-driven biotic
responses and forecast trajectories of change.

Note: the focus of WGSPEC is on climate variability.



14 |

6)

7)

8)

9)
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Main outcomes and achievements of the WG since their last evaluation

WGSPEC successfully proposed to organize PICES/ICES Symposium 2017 on
“Drivers of Small Pelagic Fish Resources” in Victoria, Canada, Mar 6-10

Participation of and close collaboration with scientists of General Fisheries
Council of Mediterranean (GFCM) from Greece, Italy, Spain, Turkey

Special Issue on Atlantic Multidecadal Oscillation-mechanism and impact on
marine ecosystems. 2014. J. mar. Syst. 133: 1-130. Ed. by Jiirgen Alheit, Ken-
neth F. Drinkwater and Janet A. Nye

Alheit, J., Licandro, P., Coombs, S., Garcia, A., Giraldez, A., Santamaria,
M.T.G., Slotte, A., Tsikliras, A. 2014. Atlantic Multidecadal Oscillation (AMO)
modulates dynamics of small pelagic fishes and ecosystem regime shifts in the
eastern North and Central Atlantic. J. mar. Syst. 131: 21-35

Alheit, J., Drinkwater, K.F., Nye, J.A. 2014. Introduction to special issue: Atlan-
tic multidecadal oscillation-mechanism and impact on marine ecosystems. J.
mar, Syst. 133: 1-3

Alheit, Groeger, Licandro, McQuinn, Tsikliras, et al. (in prep.) Changes in NE
Atlantic and Mediterranean in mid-1990s (working title)

Tsikliras, Licandro, McQuinn, Groeger, Alheit (in prep) Synchronization of
Mediterranean pelagic fish populations with Atlantic Multidecadal Oscillation.

Licandro, Bonanno, Coombs, Jiménez, Petrillo, Somarakis, Tsikliras, Alheit.
Impact of environmental changes on recruitment of small pelagics in the Medi-
terranean and North-East Atlantic.

Has the WG contributed to Advisory needs?
No

Outreach activities of the WG outside the ICES network
See 6)

Please indicate what difficulties, if any, have been encountered in achieving
the workplan

ToR C) had to be moved to the WGSPEC meeting in 2016 because of health
problems of key authors.

ToR E) was suggested by SCICOM. It was not done, as WGSPEC did not have
the respective expertise. (See report)

Future plans

10) Does the group think that a continuation of the WG beyond its current term is

required?

WGSPEC will in 2016 prepare presentations for the PICES/ICES Symposium
on ‘Drivers of Pelagic Fish resources, meet during the symposium in 2017, and
wrap up the results in 2018.


http://www.sciencedirect.com/science/article/pii/S0924796313002248
http://www.sciencedirect.com/science/article/pii/S0924796313002248
http://www.sciencedirect.com/science/article/pii/S0924796313002248
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11)

12)

13)

The studies on mechanisms that link variability of small pelagic fish popula-
tions in different ocean basins with large-scale climatic forcing have to be con-
tinued.

A global comparison of climate variability impact on small pelagics will car-
ried out.

If you are not requesting an extension, does the group consider that a new WG
is required to further develop the science previously addressed by the existing
WG.

Not applicable.

What additional expertise would improve the ability of the WG to fulfil its
ToR?

Although WGSPEC had physical oceanographers actively and successfully
participating in meetings, additional collaboration from the fields of atmos-
pheric sciences and physical oceanography would strengthen the output.

Which conclusions/or knowledge acquired of the WG do you think should be
used in the Advisory process?

The work of the WGSPEC highlighted consistent changes in the stocks of small
pelagics of the North-eastern Atlantic and Mediterranean that appeared to be
related with large scale climatic variability. This result outlines the need of de-
veloping a large-scale Ecosystem-Based Fishery Management approach in
support to regional management, to exploit small pelagics stocks in a sustain-
able way.

15
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Trends in productivity and biomass yields in the Mediterranean Sea Large Marine
Ecosystem during climate change

Stergiou K.l.1:2, Somarakis S.1, Triantafyllou G.3, Tsiaras K.P.3, Giannoulaki M.1, Petihakis G.3, Machias
A.1, Tsikliras A.C.2

1 Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine Research, Ath-
ens, Greece

2Department of Zoology, School of Biology, Aristotle University of Thessaloniki, Thessaloniki, Greece

3Institute of Oceanography, Hellenic Centre for Marine Research, Athens, Greece

In this essay we describe the effects of climate change and variability in the Mediterrane-
an using different indices. We also describe the evolution of yearly catches and species
composition of the catches in the western (W), central (C) and eastern (E) Mediterranean
during 1970-2010 and the exploitation status of the fisheries resources. In addition, we
explore the mean temperature of the catch in the W, C and E Mediterranean under a sce-
nario considering the catches of species migrating through the Suez Canal (Figure 1) and
we review various signals of climate variability on Mediterranean fisheries. We further
review the existing habitat modelling studies at the Mediterranean scale of various spe-
cies and discuss their response to climate change. Finally, we present the development of
a 3-D full life cycle population model and the respective model forecasts of European
anchovy Engraulis encrasicolus biomass at the Mediterranean scale.

In a simulation undertaken here in which hypothetical catches of species migrating
through the Suez Canal were included in the analysis, the MTC rate of increase was
higher for all areas, especially so for the E Mediterranean (i.e. 0.58°C, 1.07°C and 0.32°C
per decade for W, C and E Mediterranean, respectively: Fig. 1) when compared to those
of Tsikliras and Stergiou (2014) mentioned above. The rate of MTC increase when Les-
sepsian migrants were included is also higher than that previously reported for the entire
Mediterranean Sea (Cheung ef al. 2013) and the NE Aegean Sea (Keskin and Pauly, 2014).
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Modeling the impact of Climate Variability on Black Sea anchovy (Engraulis encra-
sicolus ponticus) recruitment and production
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Abstract

The influence of climate variability on anchovy population dynamics and trophic interac-
tions in the Black Sea ecosystem was studied with a 1D coupled lower trophic level and
anchovy bioenergetics model. Stochastic climate variability in the form of fifty-year inter-
annual temperature and total mixing rate time-series served as input to the model. Model
results show a high correlation of anchovy egg production and recruitment success in
response to changes in temperature, indicating it to be the main factor influencing an-
chovy population dynamics. Simulations show that water temperatures in the spawning
season have greater control over the intensity of egg production than the number of
available spawning females. Moreover, recruitment is found to be the most sensitive
adult class to temperature variations and the overall effect of temperature on the entire
stock is observable in each different age class. Variation in mixing has no effect on egg
production, however the effect of temperature on the other stages of anchovy is slightly
counteracted by vertical mixing.

Keywords: anchovy bioenergetics model, anchovy recruitment, climate impact, stochastic tempera-
ture variability

Introduction

The Black Sea anchovy is known to experience high-frequency stock fluctuations within
the last five-decades due to the synchronous effects of heavy fishing activity, over-
enrichment, introduction of alien species, i.e., Mnemiopsis leidyi, and climate-induced var-
iability (Oguz, 2005). There is strong correlation between variability in the regional cli-
mate indices, i.e., North Atlantic Oscillation (NAO) and Black Sea anchovy stock
fluctuations (Niermann et al., 1999; Oguz and Gilbert, 2007). In the present study the in-
fluence of climatic variability of total vertical mixing and water temperature on anchovy
production and recruitment is investigated using a 1D model.

Methods

A one-dimensional, online coupled anchovy life-cycle and ecosystem model for the Black
Sea (Oguz et al., 2008a,b) is used in this study. Model vertical structure extends from the
surface mixed layer down to the bottom of sub-thermocline which together represents
the euphotic zone. A nutrient source layer is located beneath the euphotic zone supplying
nutrients to euphotic zone via mixing processes. The ecosystem model includes three
stage-based phytoplankton groups, two size-based zooplanton groups and parameteriza-
tions for the gelatinous carnivore. The anchovy bioenergetics model tracks each individ-
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ual spawner’s progeny through developmental and adult stages (age 0+, 1+, 2+, 3+). Fe-
male adults are assumed to start spawning at June 1st when the water temperature ex-
ceeds 20°C and spawning lasts until the end of August. Model forcing files of total
mixing rates (day') and daily mixed layer temperatures (°C) are derived from observa-
tions representing the mean climatology of the Black Sea. The model is run for 50-years
with stochastic variations of the forcing.

Results

Egg production is found to be very sensitive to temperature variations (r2=.98) whereas
mixing is found to have no such effect since spawning takes place in summer when mix-
ing is already very low. Adding to that, spawning intensity in a given year is seen to be
dependent on the prevailing temperature conditions during that spawning season of that
particular year, rather than the available stock of spawners. This is in contrast to an earli-
er theory by Cushing (1996) that relates recruitment success directly to the number of
available spawners. Variability in annual recruitment numbers is in-line with variability
in temperature. However, addition of mixing effects counteracts the effect of temperature
slightly and hence decreases recruitment. The same situation also applies to the spawners
but not so pronounced as in the case of recruits. This is due to the fact that spawner stock
include adults of 1+, 2+, 3+ year classes that carry the temperature signal of earlier years.
Recruits (age 0+ class)(V) variability directly follows the temperature signal of the same
year (Fig.1). However, in older age classes the temperature signal can still be tracked in
the individual age class but with a delay in timing. For instance, age 1+ year class (4)
matches the temperature signal of the previous (n-1)t year and the same applies for the
older age classes. At the end, each age class matches the temperature signal they are sub-
jected to when they were recruits. Therefore, overall effect of temperature variability on
the entire stock is hard to resolve considering the current and traditional management
based approaches. For future yield estimations, it is of importance that individual ancho-
vy age groups and the time it requires for the environmental effect to propagate to this
age are considered.
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Figure 1. Time series of summer temperature maxima (°C) at the end of August (¢) and total number
of the whole anchovy population (A), total number of adult anchovies (o), as well as total numbers of

anchovies in age classes 0+ (V), 1+ (#), 2+ (1), and 3+ () (ind. m® yr?).
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Figure 2. The mean temperature of the catch (MTC, °C) for the W (red bars), C (green bars) and E (blue
bars) Mediterranean Sea during 1970-2010. MTC calculated annually based on the median tempera-
ture preference of each species weighted by its catch (Cheung et al., 2013) taking here, however, into
account a hypothetical scenario in which we considered a catch of 1500 t for a hypothetical species (or
group of species) with a median temperature preference of 25 °C (i.e. approximating Lessepsian mi-
grants) starting in 2003 and increasing by 500 t for each of the following years, thus reaching 5000 t in
2010.
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