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different regions.

FIGURE 9 | Time series of modeled (A) net primary production anomalies (mg C m—2 d~) and (B) mesozooplankton biomass anomalies (mg C m—2 d~")in the five

production to decrease in response to future climate change
(Bopp et al., 2001, 2013; Boyd and Doney, 2002; Steinacher
et al., 2010; Marinov et al., 2013; Cabré et al., 2014). The main
mechanism that has been suggested to explain such decrease
was increased stratification of the water column and hence
reduced supply of nutrients to the surface layer (Bopp et al.,
2001; Steinacher et al., 2010). The reduced nutrient availability
caused decreased phytoplankton growth and therefore reduced
net primary production. In addition, increased grazing pressure
caused by warmer water temperatures may be of importance
of reduced net primary production as well (Laufkotter et al.,
2015). A similar reduction in production has been observed and
predicted for future climate in the Indian Ocean (Roxy et al,
2016). It is important to note that most of these predictions
show spatial variations in net primary production increases and
decreases over the area investigated, which also occurred in
the current study. Holt et al. (2016) show spatial variations of
net primary production for a far future simulation (2100) for
different European Seas which amount to a net decrease in
production only for the northeast Atlantic, contradicting our
finding for the immediate near future.

TABLE 1 | Regional fractional changes in biogeochemical model variables
between periods 2010-2014 and 2015-2020 in different regions.

Basin Region1 Region2 Region3 Region4 Region5

NPP
Zooplankton

-0.10
-0.22

—0.11
—0.20

—0.09
-0.19

-0.10
-0.16

—0.05
-0.11

—0.11
—0.24

The Black Sea ecosystem function is regulated by bottom-up
controls since the onset of 1970s (Daskalov, 2002; Gucu, 2002;
Oguz, 2007; Akoglu et al., 2014). This regulation mechanism
was also observed in the hindcast simulation of this study.
Small pelagic fish stocks; i.e. anchovy and sprat, are influenced
by the changes in the primary productivity (Figures?7, 9A).
This direct effect of NPP is also known to occur for small
pelagic fish on a global scale (Blanchard et al., 2012). In years
when net primary productivity was higher than the long-term
average (years 2005-2007 and 2011-2013) increases in the
respective small pelagic fish stocks were observed. The modeled
sprat stock changes matched the peak observed in 2005 as
reported in BSC (2008). A similar peak was also simulated
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FIGURE 10 | Fractional change of (A) Net Primary Productivity, (B) Zooplankton biomass between the present (2010-2014) and future (2015-2020) periods. Negative
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TABLE 2 | Model predictions of fishing mortality (Fysy) and maximum sustainable
yield (MSY) for sustainable fisheries exploitation of fish groups in the Black Sea
and their comparison to the Fy gy values reported in STECF-15-16 (2015).

Species Fmsy (this study) Fygsy (STECF) MSY (tons, this study)
Atlantic bonito 0.27 - 5,317
Bluefish 0.26 - 1,599
Atlantic mackerel 0.03 - 33
Whiting 0.25 0.79 4,941
Turbot 0.49 0.26 1,136
Red mullet 0.52 0.64 2,638
Spiny dogfish - - -
Horse mackerel 0.34 - 8,910
Shad 0.44 - 37
Sprat 0.32 0.64 148,518
Anchovy Ad. 0.41 0.49 267,459

for anchovy stocks, leading to a very high simulated catch
for the years 2005 and 2006. Excluding these high production
periods, small pelagic fish stocks declined under the impact
of status quo fisheries exploitation, which has been classified
to be “intense” by many authors (Daskalov, 2002; Oguz, 2007;
Llope et al, 2011). Such increases in system NPP act as
a mitigating factor for the overexploited small pelagic fish
stocks without which they would collapse under conditions
of continuous overexploitation. Similarly, simulated predators
of small pelagic fish stocks, e.g., whiting and turbot, also
benefited from the respective increases in their prey despite heavy
fisheries pressure. However, this was not observed for simulated
pelagic piscivorous fish, i.e., bluefish, Atlantic mackerel, and
bonito, because of the extremely high exploitation rates they
were exposed to and their longer life cycles (low P/B in the
model).

Considering the steady decrease in stock of horse mackerel,
a medium pelagic fish mainly feeding on zooplankton, anchovy
and sprat, the observed and modeled dynamics were contrary to
the ones observed in the stock increases of sprat and anchovy by
2020. This could partly be explained by the resource limitation for
horse mackerel considering the high harvesting pressure of Black
Sea fishing fleet on small pelagic fish whenever their respective
stocks fluctuate for an increase so that not enough resources
were left for horse mackerel. In addition, the other predators
of small pelagic fish (i.e., whiting and turbot), which have been
observed to fluctuate with the changes in small pelagic fish stocks,
also predate on horse mackerel. The model shows a decrease in
red mullet biomass, consistent with the high historical bottom
trawling pressure red mullet stocks have been subjected to in
the Black Sea, especially on the narrow continental shelf of the
southern Black Sea (BSC, 2008). Dogfish is not directly targeted
by fisheries; however, fishing mortality is caused by by-catch and
this pressure was found to be high enough to cause a continued
decrease in its stock.

During the forecast simulation, all regions showed an average
decrease in NPP, however there was an increase in NPP and
zooplankton during 2018-2020 after overall low values in the
preceding years (Figure 9). Modeled anchovy results (Figure 11)
mirror the impact of these changes in mesozooplankton biomass
and their regional differences (Figure 9). For example, in region
3 anchovy showed the highest increase after 2017 in parallel to a
high increase in mesozooplankton and in region 1 this increase
started with a delay. These results show that the production, and
thus climate, can affect anchovy stocks in similar magnitudes as
fisheries pressure.

Species such as turbot and whiting, which feed on small
species including anchovies and sprat, also suffer the effect of
direct food web interactions. However, indirect interactions also
have an effect in the form of resource competition with dogfish
and horse mackerel. Compared to horse mackerel, which also
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FIGURE 11 | Forecast simulation (2015-2020) results of the EwE fish model of the BAU scenario. X-axis denote years and Y-axis denote changes in biomasses (B.)
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occasionally feeds on anchovy and sprat, turbot and whiting have
an advantage because in addition to sprat, they prey on horse
mackerel as well. In the case of dogfish, its long life-cycle poses
a significant disadvantage over its competitors. Their biomass
continued to decrease after 2015 but an increase occurred in all

regions during 2018-2020 due to an increase in their prey as a
consequence of increased system-wide net primary production.
Larger species continued to decrease during the whole
forecast period because of their extreme over-exploitation. Also,
these species are limited by resources that prevent their stocks
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FIGURE 12 | (A) Fractional and (B) absolute change in biomass (tonnes km—z) of different fish species for the five different regions of interest between the present
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from recovering. Any stock increase of small pelagic fish is
immediately exploited by fisheries and very little is left to be
utilized by piscivorous fish within the food web of the Black Sea
ecosystem. Such indirect trophic impact of fisheries within the
food web was also shown by Ulanowicz and Puccia (1990).

This study, for the first time, presents future stock size,
Fumsy and MSY estimates for the Black Sea for 11 fish species
(Figure 13, Table 2). In agreement with STECF-15-16 (2015),
our results suggest that only sprat in the Black Sea is currently
being exploited at a sustainable rate. Adjusting fishing effort to
meet the Fysy is generally problematic because it is difficult to
determine the mortality created by a fleet with varying fishing
time every season under the simultaneous fluctuations of stock
size. Therefore, as a management strategy it is practical to define a
maximum allowed catch limit, i.e., total allowable catches (TAC)
or MSY, to control the fishing effort and the mortality that
it imposes on the exploited stocks. In this study, we propose
MSY values (Table 2) as basis for defining TAC limits for the
fish stocks of the Black Sea. Excluding sprat, the estimates
provided here are lower compared to the average catch over the
hindcast period (2000-2014) underlining that the stocks have
already been exploited above their sustainable levels (also as
shown in Figure 13). We hypothesize that sprat stocks could
be underexploited when biomass estimates from STECF-15-16
(2015) and this study are considered.

There are two potential reasons for mismatch in model versus
STECF estimates (Figure 7). First, an important uncertainty
in catch estimates is the IUU catches in the Black Sea as
discussed (section Assessment of the Current Status). Second, we
hypothesize that the disagreement stems from the incorporation
of trophodynamics in calculations of the Fygy estimates, which
is absent in the single species based STECF estimates. Therefore,
here we provide a range of Fysy estimates. The lowest Fyisy
values suggested here can be considered as a base in managing
the Black Sea fish stocks and new estimations should be made as

new data are obtained with every concluding fishing season, and
finally carrying out a re-analysis with the complemented dataset
to produce a strategy for the forthcoming fishing seasons. In
addition to this strategy, improving the quality of the statistics
collected by the Black Sea’s non-EU riparian countries by strictly
constraining the landings to designated areas where catch of
each vessel is recorded and registered would help to decrease the
uncertainty in the management strategies.

Another important consideration is the uncertainty in the
results reported in this study. We have addressed the uncertainty
in the inputs and parameters of the model as detailed in section
Model Validation, as well as the uncertainty at each trophic level
(section Assessment of the Current Status). Moreover, the merit
of this study is that it provides a range of values by considering
the uncertainty in the HTL model results for its management
advice. A range of Fysy values are provided by assuming that the
historical fluctuations of the fish stocks observed in the hindcast
scenario are the predictors of the intrinsic uncertainty in the
forecast scenarios of the model and the ecosystem. Thus, we
provide a range of suggested exploitation levels together with
uncertainty levels of each fish stock estimations which has never
done before in any fisheries management advice study in the
Black Sea.

Fishing mortality estimates from XSA and multispecies
trophic models are fundamentally based on the same
information, the reported catch. But while XSA includes
trophic relations in only one implicit term, the natural mortality,
multispecies trophic models extend much beyond this and
our model explicitly incorporates full trophic (predator-prey)
interactions in the food web capitalizing on the literature data
on diet and stomach contents. Our proposed Fyigy estimates
(Table 2) are lower, and hence more conservative, than those
proposed by STCEF-15-16 (2015), which is due to the differences
in the approaches of two studies detailed above, among which
the inclusion of trophic interactions in this study. This study
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FIGURE 13 | Exploitation rates (E, dashed line) and fishing mortalities (F, dotted line) for the modeled fish groups during the hindcast (2000-2014) and forecast
(20156-2020) simulation periods. The gray shaded areas denote the range bounded by the minimum and maximum values of Fygy predicted by the model.

also provides Fysy and MSY estimates for the stocks of pelagic
piscivorous fish; bonito, bluefish and Atlantic mackerel, for
which these estimates have never been scientifically developed.
Managers should be provided with evidence-based information
showing the need to sustain sufficient prey fish in the ecosystem
in order to support the dynamics of charismatic (i.e., predatory)
fish species of their particular marine ecosystem considering
indirect trophic impacts of fisheries within the food web (Akoglu
et al., 2014 for the Black Sea and Ulanowicz and Puccia, 1990 for
theoretic background). Otherwise, an ecosystem-wide collapse
as previously experienced in the Black Sea (Oguz et al., 2012)
is inevitable. Our proposed management criteria will allow the
recovery of these fish species of the Black Sea, i.e., bluefish,
bonito, and mackerel, in addition to ensuring the sustainable
utilization of other fish stocks in the long-term.

Total allowable catches or fishing opportunities, are catch
limits that are set for most commercial fish stocks. At present,
the Black Sea is missing multi-annual plans for setting basin-wide
TACs. There are examples from other regions of how models such
as Ecopath with Ecosim are used to evaluate TACs across multiple
species by being utilized as management strategy evaluation tools
(Griiss et al., 2016 and references therein). There are also other
advances in food web models for marine systems for guiding
fisheries management (Smith et al., 2011, 2015; Shin et al., 2012).
Our work adds on to these efforts by proposing TAC values until
2020 based on an integrated circulation-biogeochemical model
that includes the effect of environmental and climate variations.

Even though our model includes species interactions together
with the effect of environmental and climate variability, results
include uncertainties based on the included model forcing and
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assumptions in model structure as well as parameterization
(see section Model Validation). Ecosystem models are very
useful tools for fisheries management, especially in presenting
the ecosystem under given conditions and for scenario testing,
however, their results should be viewed and used considering the
uncertainties.

CONCLUSIONS

This study presents the evolution of Black Sea fish stocks under
changing trophic, environmental, and climate conditions both
for the past 15 years and projects these estimates until 2020.
Here we show the effect of primary production and secondary
production versus fisheries pressure in regulating the fish stocks.
Results show that changes in planktonic production have a direct
effect on small pelagic fish even under the high fisheries pressure.
For example, anchovy and sprat stocks are directly influenced
by the fluctuations in net primary productivity. During years
of higher-than-average NPP, these stocks increase even under
high fisheries exploitation levels realized during the hindcast
period. On the contrary during years of average or lower-
than-average NPP, these stocks decline indicating their fragility.
Hence, management advice should be developed considering
both the productivity of the system and the fisheries exploitation
levels, otherwise, unexpected collapse of these stocks might be
experienced. The modeling approach used in this study, where
a biogeochemical model was integrated with an HTL model, is a
novel way of delivering such management advice.

This modeling study shows how a combination of fisheries,
climate and food web interactions can act to regulate the fish
stocks. Results have strong implications both at a regional and
global scale. For long-term sustainability, exploitation levels
should be reduced significantly for all species but especially
for the piscivorous fish (i.e., bluefish, bonito, and Atlantic
mackerel) as well as for anchovy, a species that plays a crucial
role in supporting the food web as a forage fish. Short-term
fisheries losses may be compensated by higher exploitation
of the sprat stock compared to anchovy. In the long-term,
we hypothesize that the management strategy proposed in
this study will have a significant return toward sustainable
utilization of Black Sea fish stocks under changing environmental
and climatic conditions. And the most significant pay-off
can be the recovery of predatory fish stocks and its fishery

REFERENCES

Akoglu, E. (2013). Nonlinear Dynamics of the Black Sea Ecosystem and Its Response
to Anthropogenic and Climate Variations. Ph.D. Dissertation, Middle East
Technical University, Institute of Marine Sciences, Mersin.

Akoglu, E., Salihoglu, B., Libralato, S., Oguz, T., and Solidoro, C. (2014).
An indicator-based model assessment of the Black Sea ecosystem
structure and functioning during 1960s-1990s. J. Mar. Syst. 134, 113-125.
doi: 10.1016/j.jmarsys.2014.02.010

Akoglu, E., Libralato, S., Salihoglu, B., Oguz, T., and Solidoro, C. (2015). EwE-
F 1.0: an implementation of Ecopath with Ecosim in Fortran 95/2003 for
coupling and integration with other models. Geosci. Model Dev. 8, 2687-2699.
doi: 10.5194/gmd-8-2687-2015

which has ever been ineflicient since the onset of the 1970s
after the overexploitation of these fishes during 1950s and
1960s.

The effect of gelatinous carnivores is implicitly included
in the model by defining the jellyfish group in the HTL
model according to the simulation outputs of the biochemical
models’ gelatinous carnivore compartment. A fully (two-way)
coupled model would allow an assessment of direct and indirect
competition between the gelatinous and fish species. Also models
that include feeding and migratory behavior of fish are needed to
better assess the regional differences and to provide management
options at a regional scale in the Black Sea. At the moment,
regional quantification that we provide includes only regional
environmental and climate impacts whereas differences in fish
stocks due to migratory behavior are neglected. Efforts to develop
fully coupled models of biogeochemistry and food web are
underway (e.g., Akoglu et al., 2015; Disa, 2016) as well as fish
models that include behavior (e.g., Cowen and Sponaugle, 2009;
Xu et al., 2013; Guraslan et al., 2017). However, the modeling
community is limited by dependable observations. Reliable data
on zooplankton levels as well as fish stocks and catch is crucial to
reduce the uncertainty of integrated models that can be used to
produce management options.

AUTHOR CONTRIBUTIONS

BS conceived and designed the research. SA, BE and EA designed
and implemented the model. All authors analyzed model results
and contributed significantly to the writing of the paper.

FUNDING

This study was partially supported the EU 7th Framework
projects OPEC (contract no. 283291) and PERSEUS (contract
no. 287600). The authors acknowledge support by DEKOSIM
(BAP-08-11-DPT2012K120880) funded by the Turkish Ministry
of Development.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmars.
2017.00339/full#supplementary-material

Alcamo, J., Van Vuuren, D., and Cramer, W. (2005). “Changes in ecosystem
services and their drivers across the scenarios,” in Ecosystems and Human Well-
Being: Scenarios, eds S. R. Carpenter, P. L. Pingali, E. M. Bennett, and M. B.
Zurek (Washington, DC: Island Press), 297-373.

Allen, I, Arkin, S., Cossarini, G., Butenschoen, M., Ciavatti, S., Christensen, A.,
et al. (2014). D2.6: Report on Reanalysis Hindcast Skill. Seventh Framework
Programme SPA.2011.1.5-03 OPerational Ecology (OPEC) Ecosystem Forecast
Products to Enhance Marine GMES Applications. Available online at: http://
marine-opec.eu/documents/deliverables/D2.6.pdf

Blanchard, J. L., Jennings, S., Holmes, R., Harle, J., Merino, G., Allen, J. L, et al.
(2012). Potential consequences of climate change for primary production and
fish production in large marine ecosystems. Philos. Trans. R. Soc. B 367,
2979-2989. doi: 10.1098/rstb.2012.0231

Frontiers in Marine Science | www.frontiersin.org

November 2017 | Volume 4 | Article 339


https://www.frontiersin.org/articles/10.3389/fmars.2017.00339/full#supplementary-material
https://doi.org/10.1016/j.jmarsys.2014.02.010
https://doi.org/10.5194/gmd-8-2687-2015
http://marine-opec.eu/documents/deliverables/D2.6.pdf
http://marine-opec.eu/documents/deliverables/D2.6.pdf
https://doi.org/10.1098/rstb.2012.0231
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles

Salihoglu et al.

Black Sea Fish Stocks Evolution

Blumberg, A. F., and Mellor, G. L. (1987). “A description of a three-dimensional
coastal ocean model,” in Three Dimensional Coastal Ocean Models, ed N. S.
Heaps (Washington, DC: American Geophysical Union), 1-16.

Bopp, L., Monfray, P., Aumont, O., Dufresne, J., Le Treut, H., Madec, G., et al.
(2001). Potential impact of climate change on marine export production. Global
Biogeochem. Cycles 15, 81-100. doi: 10.1029/1999GB001256

Bopp, L., Resplandy, L., Orr, J. C, Doney, S. C, Dunne, J. P, Gehlen,
M., et al. (2013). Multiple stressors of ocean ecosystems in the 21st
century: projections with CMIP5 models. Biogeosciences 10, 6225-6245.
doi: 10.5194/bg-10-6225-2013

Boyd, P. W., and Doney, S. C. (2002). Modelling regional responses by ma-
rine pelagic ecosystems to global climate change. Geophys. Res. Lett. 29, 1-4.
doi: 10.1029/2001GL014130

BSC (2008). “State of the environment of the Black Sea (2001 - 2006/7), in
Publications of the Commission on the Protection of the Black Sea Against
Pollution (BSC) 2008-3, ed T. Oguz (Istanbul: BSC), 448.

Burenkov, V. I, Kopelevich, O. V., Sherberstov, S. V., and Vedernikov, V. 1. (2000).
Sea-truth measurements of the ocean color: validation of the SeaWiFS satellite
scanner data. Oceanology 40, 329-334.

Cabré, A., Marinov, I, and Leung, S. (2014). Consistent global responses of
marine ecosystems to future climate change across the IPCC AR5 earth
system models. Clim. Dynam. 45, 1253-1280. doi: 10.1007/s00382-014-
2374-3

Cannaby, H., Fach, B. A., Arkin, S. S., and Salihoglu, B. (2015). Climatic controls
on biophysical interactions in the Black Sea under present day conditions
and a potential future (A1B) climate scenario. J. Mar. Syst. 141, 149-166.
doi: 10.1016/j.jmarsys.2014.08.005

Cokacar, T., Kubilay, N., and Oguz, T. (2001). Structure of Emiliana huxleyi
blooms in the Black Sea surface waters as detected by SeaWiFS imagery.
Geophys. Res. Lett. 28, 4607-4610. doi: 10.1029/2001GL013770

Cowen, R. K., and Sponaugle, S. (2009). Larval dispersal and marine population
connectivity. Annu. Rev. Mar. Sci. 1, 443-466. doi: 10.1146/annurev.
marine.010908.163757

Daskalov, G. M. (2002). Overfishing drives a trophic cascade in the Black Sea. Mar.
Ecol. Prog. Ser. 225, 53-63. doi: 10.3354/meps225053

Daskalov, G. M. (2003). Long-term changes in fish abundance and
environmental indices in the Black Sea. Mar. Ecol. Prog. Ser. 255, 259-270.
doi: 10.3354/meps255259

Disa, D. (2016). Modeling the Impact of Fish and Fisheries on Marine
Biogeochemistry: A Case Study in the Sargasso Sea. Mersin: Middle East
Technical University, Institute of Marine Sciences.

Doney, S. C., Ruckelshaus, M., Duffy, J. E., Barry, J. P., Chan, F., English, C. A,,
et al. (2012). Climate change impacts on marine ecosystems. Annu. Rev. Mar.
Sci. 4, 11-37. doi: 10.1146/annurev-marine-041911-111611

Froese, R., and Pauly, D. (2011). FishBase. World Wide Web electronic publication.
Available online at: www.fishbase.org

Gordon, H., and Morel, A. (1983). Remote Assessment of Ocean Color for
Interpretation of Satellite Visible Imagery: A Review. Lecture Notes on Coastal
and Estuarine Studies, Vol. 4. New York, NY: Springer Verlag.

Gregg, W. W.,, and Casey, N. W. (2004). Global and regional evaluation
of the SeaWiFS chlorophyll data set. Rem. Sems. Environ. 93, 463-479.
doi: 10.1016/j.rse.2003.12.012

Griss, A., Harford, W. J., Schirripa, M. J., Velez, L., Sagarese, S. R., Shin,
Y. J., et al. (2016). Management strategy evaluation using the individual-
based, multispecies modeling approach OSMOSE. Ecol. Model. 340, 86-105.
doi: 10.1016/j.ecolmodel.2016.09.011

Gucu, A. C. (2002). Can overfishing be responsible for the successful establishment
of Mnemiopsis leidyi in the Black Sea? Estuar. Coast. Shelf Sci. 54, 439-451.
doi: 10.1006/ecss.2000.0657

Guraslan, C., Fach, B. A,, and Oguz, T. (2014). Modeling the impact of climate
variability on Black Sea anchovy recruitment and production. Fish. Oceanogr.
23, 436-457. doi: 10.1111/fog.12080

Guraslan, C., Fach, B. A,, and Oguz, T. (2017). Understanding the impact of
environmental variability on anchovy overwintering migration in the Black
Sea and its implications for a dynamic fishing industry. Front. Mar. Sci. 4:275.
doi: 10.3389/fmars.2017.00275

Holt, J., Schrum, C., Cannaby, H., Daewel, U., Allen, I, Artioli, Y., et al. (2016).
Potential impacts of climate change on the primary production of regional seas:

a comparative analysis of five European seas. Progr. Oceanogr. 140, 91-115.
doi: 10.1016/j.pocean.2015.11.004

IPCC (2013). “Summary for policymakers,” in Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change, eds T. F. Stocker, D. Qin,
G.-K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, and V.
Bex (Cambridge, UK; New York, NY: Cambridge University Press), 29.

Jolliff, J. K., Kindle, J. C., Shulman, 1., Penta, B., Friedrichs, M. A., Helber, R., et al.
(2009). Summary diagrams for coupled hydrodynamic-ecosystem model skill
assessment. . Mar. Syst. 76, 64-82. doi: 10.1016/j.jmarsys.2008.05.014

Kooijman, S. A. L. M. (1986). “Population dynamics on basis of budgets,” in The
Dynamics of Physiologically Structured Populations. Vol. 68 of Lecture Notes
in Biomathematics, eds J. Metz and O. Diekmann (Berlin: Springer-Verlag),
266-297.

Kooijman, S. A. L. M. (2000). Dynamic Energy Mass Budgets in Biological Systems.
Cambridge: Cambridge University Press.

Korotaev, G., Oguz, T., Nikiforov, A., and Koblinsky, C. (2003). Seasonal,
interannual, and mesoscale variability of the Black Sea upper layer circulation
derived from altimeter data. J. Geophys. Res. 108:3122. doi: 10.1029/
2002]JC001508

Korotaev, G. K., Oguz, T., Dorofeyev, V. L., Demysheyv, S. G., Kubryakov, A. L,
and Ratner, Y. B. (2011). Development of Black Sea nowcasting and forecasting
system. Ocean Sci. 7:629. doi: 10.5194/0s-7-629-2011

Kubryakov, A. A, Stanichny, S. V., Zatsepin, A. G., and Kremenetskiy, V. V.
(2016). Long-term variations of the Black Sea dynamics and their impact on
the marine ecosystem. J. Mar. Syst. 163, 80-94. doi: 10.1016/j.jmarsys.2016.
06.006

Laufkotter, C., Vogt, M., Gruber, N., Aita-Naguchi, M., Aumont, O., Bopp,
L., et al. (2015). Drivers and uncertainties of future global marine primary
production in marine ecosystem models. Biogeosciences 12, 6955-6984.
doi: 10.5194/bgd-12-3731-2015

Laufkétter, C., Vogt, M., Gruber, N., Aumont, O., Bopp, L., and , Doney, S. C., et al.
(2016). Projected decreases in future marine export production: the role of the
carbon flux through the upper ocean ecosystem. Biogeosciences 13, 4023-4047.
doi: 10.5194/bg-13-4023-2016

Libralato, S., and Solidoro, C. (2009). Bridging biogeochemical and food
web models for an End-to-End representation of marine ecosystem
dynamics: the Venice lagoon case study. Ecol. Model. 220, 2960-2971.
doi: 10.1016/j.ecolmodel.2009.08.017

Llope, M., Daskalov, G. M., Rouyer, T. A., Mihneva, V., Chan, K. S., Grishin,
A. N, et al. (2011). Overfishing of top predators eroded the resilience
of the Black Sea system regardless of the climate and anthropogenic
conditions. Glob. Change Biol. 17, 1251-1265. doi: 10.1111/j.1365-2486.2010.
02331.x

Locarnini, R. A., Mishonov, A. V., Antonov, J. I, Boyer, T. P., Garcia, H.
E., Baranova, O. K., et al. (2013). “World Ocean Atlas 2013, Volume 1:
temperature,” in NOAA Atlas NESDIS 73, eds S. Levitus and A. Mishonov
(Sliver Spring, MD: National Oceanographic Data Center), 40.

Ludwig, W., Dumont, E., Meybeck, M., and Heussner, S. (2009). River discharges
of water and nutrients to the Mediterranean and Black Sea: major drivers
for ecosystem changes during past and future decades? Progr. Oceanogr. 80,
199-217. doi: 10.1016/j.pocean.2009.02.001

Marinov, L, Doney, S. C.,, Lima, I. D., Lindsay, K., Moore, J. K., and Mahowald,
N. (2013). North-South asymmetry in the modeled phytoplankton community
response to climate change over the 21st century. Global Biogeochem. Cycles 27,
1274-1290. doi: 10.1002/2013GB004599

McQuatters-Gollop, A., Mee, L. D., Raitsos, D. E., and Shapiro, G. I. (2008). Non-
linearities, regime shifts and recovery: the recent influence of climate on Black
Sea chlorophyll. J. Mar. Syst. 74, 649-658. doi: 10.1016/j.jmarsys.2008.06.002

Miladinova, S., Stips, A., Garcia-Gorriz, E., and Macias Moy, D. (2016). Changes
in the Black Sea Physical Properties and Their Effect on the Ecosystem. EUR
28060 EN.

Myers, R. A., and Mertz, G. (1998). Reducing uncertainty in the biological basis
of fisheries management by meta-analysis of data from many populations: a
synthesis. Fish. Res. 37, 51-60. doi: 10.1016/S0165-7836(98)00126-X

Nezlin, N. P. (2006). “Seasonal and interannual variability of remotely sensed
chlorophyll,” in The Black Sea Environment, eds A. G. Kostianoy and A. N.
Kosarev (Berlin; Heidelberg: Springer), 333-349.

Frontiers in Marine Science | www.frontiersin.org

November 2017 | Volume 4 | Article 339


https://doi.org/10.1029/1999GB001256
https://doi.org/10.5194/bg-10-6225-2013
https://doi.org/10.1029/2001GL014130
https://doi.org/10.1007/s00382-014-2374-3
https://doi.org/10.1016/j.jmarsys.2014.08.005
https://doi.org/10.1029/2001GL013770
https://doi.org/10.1146/annurev.marine.010908.163757
https://doi.org/10.3354/meps225053
https://doi.org/10.3354/meps255259
https://doi.org/10.1146/annurev-marine-041911-111611
www.fishbase.org
https://doi.org/10.1016/j.rse.2003.12.012
https://doi.org/10.1016/j.ecolmodel.2016.09.011
https://doi.org/10.1006/ecss.2000.0657
https://doi.org/10.1111/fog.12080
https://doi.org/10.3389/fmars.2017.00275
https://doi.org/10.1016/j.pocean.2015.11.004
https://doi.org/10.1016/j.jmarsys.2008.05.014
https://doi.org/10.1029/2002JC001508
https://doi.org/10.5194/os-7-629-2011
https://doi.org/10.1016/j.jmarsys.2016.06.006
https://doi.org/10.5194/bgd-12-3731-2015
https://doi.org/10.5194/bg-13-4023-2016
https://doi.org/10.1016/j.ecolmodel.2009.08.017
https://doi.org/10.1111/j.1365-2486.2010.02331.x
https://doi.org/10.1016/j.pocean.2009.02.001
https://doi.org/10.1002/2013GB004599
https://doi.org/10.1016/j.jmarsys.2008.06.002
https://doi.org/10.1016/S0165-7836(98)00126-X
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles

Salihoglu et al.

Black Sea Fish Stocks Evolution

Oguz, T. (2007). Nonlinear response of Black Sea pelagic fish stocks to over-
exploitation. Mar. Ecol. Prog. Ser. 345, 211-228. doi: 10.3354/meps06994

Oguz, T., and Ediger, D. (2006). Comparison of in situ and satellite-
derived chlorophyll pigment concentrations, and impact of phytoplankton
bloom on the suboxic layer structure in the western Black Sea during
May-June 2001. Deep Sea Res. II Top. Stud. Oceanogr. 53, 1923-1933.
doi: 10.1016/j.dsr2.2006.07.001

Oguz, T., and Velikova, V. (2010). Abrupt transition of the northwestern Black Sea
shelf ecosystem from a euphotic to an alternative pristine state. Mar. Ecol. Prog.
Ser. 405, 231-242. doi: 10.3354/meps08538

Oguz, T., Dippner, ]. W., and Kaymaz, Z. (2006). Climatic regulation of the Black
Sea hydro-meteorological and ecological properties at interannual-to-decadal
time scales. . Mar. Syst. 60, 235-254. doi: 10.1016/j.jmarsys.2005.11.011

Oguz, T., Ducklow, H. W., Purcell, J. E., and Malanotte-Rizzoli, P. (2001).
Modeling the response of top-down control exerted by gelatinous carnivores
on the Black Sea pelagic food web. J. Geophys. Res. Oceans 106, 4543-4564.
doi: 10.1029/1999]C000078

Oguz, T., Latun, V. S, Latif, M. A., Vladimirov, V. V., Sur, H. I, Markov,
A. A, et al. (1993). Circulation in the surface and intermediate layers
of the Black Sea. Deep Sea Res. I Oceanogr. Res. Pap. 40, 1597-1612.
doi: 10.1016/0967-0637(93)90018-X

Oguz, T., Salihoglu, B., Moncheva, S., and Abaza, V. (2012). Regional peculiarities
of community-wide trophic cascades in strongly degraded Black Sea food web.
J. Plank. Res. 34, 338-343. doi: 10.1093/plankt/fbs002

Paris, C. B., Cherubin, L. M., and Cowen, R. K. (2007). Surfing, spinning, or diving
from reef to reef: effects on population connectivity. Mar. Ecol. Prog. Ser. 347,
285-300. doi: 10.3354/meps06985

Plaganyi, E. E., Punt, A. E,, Hillary, R,, Morello, E. B., Thebaud, O., Hutton,
T., et al. (2014). Multispecies fisheries management and conservation: tactical
applications using models of intermediate complexity. Fish Fish. 15, 1-22.
doi: 10.1111/.1467-2979.2012.00488.x

Punt, A. E,, MacCall, A. D., Essington, T. E., Francis, T. B., Hurtado-Ferro, F.,
Johnson, K. F,, et al. (2016). Exploring the implications of the harvest control
rule for Pacific sardine, accounting for predator dynamics: a MICE model. Ecol.
Modell. 337, 79-95. doi: 10.1016/j.ecolmodel.2016.06.004

Rockel, B., Will, A., and Hense, A. (2008). The regional climate model
COSMO-CLM (CCLM). Meteorol. Z. 17, 347-348. doi: 10.1127/0941-2948/
2008/0309

Roxy, M. K., Modi, A., Murtugudde, R., Valsala, V., Panickal, S., Kumar, S. P,,
et al. (2016). A reduction in marine primary productivity driven by rapid
warming over the tropical Indian Ocean. Geophys. Res. Lett. 43, 826-833.
doi: 10.1002/2015GL066979

Sancak, S., Besiktepe, S. T., Yilmaz, A., Lee, M., and Frouin, R. (2005). Evaluation
of SeaWiFS chlorophyll-a in the Black and Mediterranean Seas. Int. J. Remote
Sens. 26,10, 2045-2060. doi: 10.1080/01431160512331337853

Saux Picart, S., Butenschén, M., and Shutler, J. D. (2012). Wavelet-based
spatial comparison technique for analysing and evaluating two-
dimensional geophysical model fields. Geosci. Model Dev. 5, 223-230.
doi: 10.5194/gmd-5-223-2012

Shepherd, J. G. (1999). Extended survivors analysis: an improved method for
the analysis of catch-at-age data and abundance indices. ICES J. Mar. Sci. 56,
584-591. doi: 10.1006/jmsc.1999.0498

Shin, Y. J., Bundy, A., Shannon, L. J., Blanchard, J. L., Chuenpagdee, R., Coll,
M., et al. (2012). Global in scope and regionally rich: an IndiSeas workshop
helps shape the future of marine ecosystem indicators. Rev. Fish Biol. Fish. 22,
835-845. doi: 10.1007/s11160-012-9252-z

Smith, A. D., Brown, C. J., Bulman, C. M., Fulton, E. A., Johnson, P., Kaplan, I. C.,
etal. (2011). Impacts of fishing low-trophic level species on marine ecosystems.
Science 333, 1147-1150. doi: 10.1126/science.1209395

Smith, M. D., Fulton, E. A, Day, R. W., Shannon, L. J., and Shin, Y. J. (2015).
Ecosystem modelling in the southern Benguela: comparisons of Atlantis,
Ecopath with Ecosim, and OSMOSE under fishing scenarios. Afr. J. Mar. Sci.
37, 65-78. doi: 10.2989/1814232X.2015.1013501

STECF-15-16 (2015). Scientific, Technical and Economic Committee for Fisheries
(STECF) - Black Sea Assessments. Luxembourg: Publications Office of the
European Union, 284. EUR 27517 EN, JRC 98095.

Steinacher, M., Joos, F., Frolicher, T. L., Bopp, L., Cadule, P., and , Cocco, V., et al.
(2010). Projected 21st century derease in marine productivity: a multi-model
analysis. Biogeosciences 7, 979-1005. doi: 10.5194/bg-7-979-2010

Stow, C. A., Jolliff, J., McGillicuddy, D. J., Doney, S. C., Allen, J. L, Friedrichs, M. A.,
etal. (2009). Skill assessment for coupled biological/physical models of marine
systems. J. Mar. Syst. 76, 4-15. doi: 10.1016/j.jmarsys.2008.03.011

Taylor, K. E. (2001). Summarizing multiple aspects of model performance in
a single diagram. J. Geophys. Res. Atmos. 106, 7183-7192. doi: 10.1029/
2000JD900719

Ulanowicz, R. E., and Puccia, C. J. (1990). Mixed trophic impacts in ecosystems.
Coenoses 5, 7-16.

Ulman, A., Bekisoglu, S., Zengin, M. A., Knudsen, S., Unal, V., Methews,
C., et al. (2013). From bonito to anchovy: a reconstruction of Turkey’s
marine fisheries catches (1950-2010). Mediterranean Mar. Sci. 14, 309-342.
doi: 10.12681/mms.414

Werner, F. E., Quinlan, J. A, Lough, R. G., and Lynch, D. R. (2001).
Spatially-explicit individual based modeling of marine populations: a review
of the advances of the 1990s. Sarsia 86, 411-421. doi: 10.1080/00364827.
2001.10420483

Xu, Y., Chai, F., Rose, K. A, Niquen, C. M., and Chavez, F. P. (2013).
Environmental influences on the interannual variation and spatial distribution
of Peruvian anchovy (Engraulis ringens) population dynamics from 1991
to 2007: a three-dimensional modeling study. Ecol. Modell. 264, 64-82.
doi: 10.1016/j.ecolmodel.2013.01.009

Zatsepin, A. G., Ginzburg, A. I, Kostianoy, A. G., Kremenetskiy, V. V,,
Krivosheya, V. G., Poulain, P.-M., et al. (2003). Observation of Black Sea
mesoscale eddies and associated horizontal mixing. J. Geophys. Res. 108, 1-27.
doi: 10.1029/2002JC001390

Zibordi, G., Melin, F., Berthon, J.-F., and Canuti, E. (2013). Assessment of
MERIS ocean color data products for European seas. Ocean Sci. 9, 521-533.
doi: 10.5194/0s-9-521-2013

Zweng, M. M., Reagan, J. R, Antonov, J. I, Locarnini, R. A., Mishonov,
A. 'V, Boyer, T. P, et al. (2013). “World Ocean Atlas 2013,
Volume 2: Salinity,” in NOAA Atlas NESDIS, eds S. Levitus and A.
Mishonov, 74.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Salihoglu, Arkin, Akoglu and Fach. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Marine Science | www.frontiersin.org

November 2017 | Volume 4 | Article 339


https://doi.org/10.3354/meps06994
https://doi.org/10.1016/j.dsr2.2006.07.001
https://doi.org/10.3354/meps08538
https://doi.org/10.1016/j.jmarsys.2005.11.011
https://doi.org/10.1029/1999JC000078
https://doi.org/10.1016/0967-0637(93)90018-X
https://doi.org/10.1093/plankt/fbs002
https://doi.org/10.3354/meps06985
https://doi.org/10.1111/j.1467-2979.2012.00488.x
https://doi.org/10.1016/j.ecolmodel.2016.06.004
https://doi.org/10.1127/0941-2948/2008/0309
https://doi.org/10.1002/2015GL066979
https://doi.org/10.1080/01431160512331337853
https://doi.org/10.5194/gmd-5-223-2012
https://doi.org/10.1006/jmsc.1999.0498
https://doi.org/10.1007/s11160-012-9252-z
https://doi.org/10.1126/science.1209395
https://doi.org/10.2989/1814232X.2015.1013501
https://doi.org/10.5194/bg-7-979-2010
https://doi.org/10.1016/j.jmarsys.2008.03.011
https://doi.org/10.1029/2000JD900719
https://doi.org/10.12681/mms.414
https://doi.org/10.1080/00364827.2001.10420483
https://doi.org/10.1016/j.ecolmodel.2013.01.009
https://doi.org/10.1029/2002JC001390
https://doi.org/10.5194/os-9-521-2013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles

',\' frontiers

in Marine Science

ORIGINAL RESEARCH
published: 12 October 2017
doi: 10.3389/fmars.2017.00316

OPEN ACCESS

Edited by:

Sebastian Villasante,
Universidade de Santiago de
Compostela, Spain

Reviewed by:

Konstantinos Tsagarakis,

Hellenic Centre for Marine Research,
Greece

Catherine Sarah Longo,

Marine Stewardship Council (MSC),
United Kingdom

*Correspondence:
Sasa Raicevich
sasa.raicevich@isprambiente.it

Specialty section:

This article was submitted to
Marine Fisheries, Aquaculture and
Living Resources,

a section of the journal

Frontiers in Marine Science

Received: 17 March 2017
Accepted: 15 September 2017
Published: 12 October 2017

Citation:

Raicevich S, Battaglia R, Fortibuoni T,
Romeo T, Giovanardi O and
Andaloro F (2017) Critical
Inconsistencies in Early
Implementations of the Marine
Strategy Framework Directive and
Common Fisheries Policy Objectives
Hamper Policy Synergies in Fostering
the Sustainable Exploitation of
Medliterranean Fisheries Resources.
Front. Mar. Sci. 4:316.

doi: 10.3389/fmars.2017.00316

Check for
updates

Critical Inconsistencies in Early
Implementations of the Marine
Strategy Framework Directive and
Common Fisheries Policy Objectives
Hamper Policy Synergies in Fostering
the Sustainable Exploitation of
Mediterranean Fisheries Resources

Sasa Raicevich ' ?*, Pietro Battaglia®, Tomaso Fortibuoni’*, Teresa Romeo?,
Otello Giovanardi™? and Franco Andaloro®

" Department for Environmental Protection, Monitoring, and Biodiversity Conservation, Italian National Institute for
Environmental Protection and Research, Chioggia, Italy, 2 Institute of Marine Sciences, National Research Council, Ancona,
Italy, ° Department for Environmental Protection, Monitoring, and Biodiversity Conservation, Italian National Institute for
Environmental Protection and Research, Milazzo, Italy, * ECHO Group, Division of Oceanography, National Institute of
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The Marine Strategy Framework Directive (MSFD) aims to achieve “Good Environmental
Status” (GES) in EU marine waters by 2020. This initiative started its first phase of
implementation in 2012, when each member state defined the GES and environmental
targets in relation to 11 descriptors and related indicators for 2020. In 2013, the EU
Commission launched the reformed Common Fisheries Policy (CFP), which aims to
achieve biomass levels capable of producing maximum sustainable yield (MSY) for
all commercial stocks exploited in EU waters by 2020, as well as contribute to the
achievement of GES. These two pieces of legislation are aligned since according to
Descriptor 3 (commercial fish and shellfish), the MSFD requires reaching a healthy stock
status with fishing mortality (F) and spawning stock biomass (SSB) compatible with the
respective MSY reference limits for all commercial species by 2020. We investigated
whether the two policies are effectively aligned in the Mediterranean Sea, an ecosystem
where the vast majority of stocks show unsustainable exploitation. For this purpose, we
assessed and compared the number and typology of stocks considered by the member
states when assessing GES in relation to data on stocks potentially available according to
the EU Data Collection Framework (DCF) and the proportion of landings they represented.
The number of stocks considered by the member states per assessment area was
uneven, ranging between 7 and 43, while the share of landings corresponding to the
selected stocks ranged from 23 to 95%. A lack of coherence between GES definitions
among the member states was also revealed, and environmental targets were less
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ambitious than MSFD and CFP requirements. This could possibly reduce the likelihood
of achieving fishery sustainability in the Mediterranean by 2020. These conditions limited
the envisaged synergies between the two policies and are discussed in consideration of
the recent Commission Decision on criteria and methodological standards for GES.

Keywords: Marine Strategy Framework Directive, Common Fisheries Policy, Good Environmental Status, Data
Collection Framework, Data Collection Regional Framework, stock assessment

INTRODUCTION

In 2008, the European Commission approved the Marine
Strategy Framework Directive (Directive 2008/56/EC; MSFD;
EU-COM, 2008), which was the new legislation put forward
under the coordination of the EU Directorate-General for
Environment aimed at achieving “Good Environmental Status”
(GES) in EU waters by 2020. This concept represents “the
environmental status of marine waters where these provide
ecologically diverse and dynamic oceans and seas which are clean,
healthy, and productive” (Article 3; EU-COM, 2008). According
to the MSFD implementation process under Article 5, member
states were requested to carry out “(i) an initial assessment (IA)
(...) of the current environmental status of the waters concerned
and the environmental impact of human activities thereon (...);
(ii) a determination (...) of GES for the waters concerned (...);
(iii) establishment of a series of environmental targets (ETs) and
associated indicators” by July 15, 2012 (EU-COM, 2008).

This assessment should have been done in the context of
“waters, the seabed, and subsoil on the seaward side of the
baseline from which the extent of territorial waters is measured
extending to the outmost reach of the area where a Member
State has and/or exercises jurisdictional rights, in accordance
with the Unclos (...)” (Article 3.1a; EU-COM, 2008). Moreover,
it should have taken into account regional and subregional
subdivisions of the MSFD as identified under Article 4 of the
directive (EU-COM, 2008). In doing so, member states were
asked to coordinate with the other EU states and other countries
with national waters within the same region or subregion using
“existing regional institutional cooperation structures, including
those under Regional Sea Conventions, covering that marine
region or subregion” (Article 6.1; EU-COM, 2008).

After consulting all interested parties, the Commission issued
the decision on criteria and methodological standards for
the GES of marine waters for implementation of the MSFD
(Commission Decision 2010/477; EU-COM, 2010). This defined
the qualitative description of GES in relation to 11 descriptors,
along with a set of related criteria and indicators to be applied
for quantitative assessment. In particular, Descriptor 3 concerns
commercially exploited species. Its GES is qualitatively described
as the condition where “populations of all commercially exploited
fish and shellfish are within safe biological limits, exhibiting
a population age and size distribution that is indicative of a
healthy stock” (Annex, Part B, EU-COM, 2010). The commission
decision stated that stocks to be considered for the purpose of
such an assessment should have included “all the stocks covered
by Regulation (EC) No. 199/2008 (within the geographical
scope of Directive 2008/56/EC) and similar obligations under

the Common Fisheries Policy (CFP). For these and for other
stocks, its application depends on the data available (taking the
data collection provisions of Regulation (EC) No. 199/2008 into
account), which will determine the most appropriate indicators
to be used” (Annex, Part B, EU-COM, 2010).

Regulation (EC) No. 199/2008 (EU, 2008) refers to the Data
Collection Framework (DCF) established in 2000 within the CFP
for the collection and management of fishery data. Under this
framework, the member states collect, manage, and provide a
wide range of fisheries data for the main stocks, which are selected
by DCF according to their relevance in terms of both landings
and value. Such data include both the biological data (e.g.,
landings and catches by métier, fishery independent data) and
socio-economic data (e.g., employment, revenues, etc.) needed
for scientific advice. Accordingly, the definition of stocks to be
considered within the MSFD established the need for including
all stocks for which DCF applies, thus determining a clear link
between the MSFD and the CFP.

The three criteria to be considered for the assessment of
GES by member states included fishing pressure, reproductive
capacity, population age and size distribution, whose assessment
is based on a suite of primary and secondary indicators (Table 1).
Moreover, the first two criteria adopt, in the case of primary
indicators, MSY-related reference points. The reformed CFP was
delivered in 2013, 5 years after establishing the MSFD and 3
years after the definition of MSFD criteria and methodological
standards by the Commission. The new basic regulation of
the CFP is aligned to the overall objectives of the MSFD in
relation to Descriptor 3, as the CFP is aimed at implementing
measures to gradually reach biomass levels capable of producing
the maximum sustainable yield (MSY; spawning stock biomass -
SSB above Byjsy) by 2015 where possible, and no later than 2020.
Moreover, the two policies in relation to commercial fish and
shellfish are interrelated and it is among the purposes of CFP to
contribute to achieving GES (Article 2j; EU, 2013). In addition,
the monitoring activities carried out within the DCF are some of
the main providers of data to support the implementation of the
MSED, and not only in relation to commercially exploited species
(Zampoukas et al., 2014).

The Report from the Commission to the Council and the
European Parliament on the first phase of implementation of the
MSED (COM 2014/97 final; EU-COM, 2014) showed a limited
degree of coordination among member states in relation to
several descriptors. This condition was also confirmed in a study
by Crise et al. (2015) on Southern European seas, which also
pointed out the issue of the lack of data for the implementation
of GES for some descriptors, as well as an imbalance in MSFD
implementation between coastal and off-shore areas. Regarding
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TABLE 1 | Criteria, primary and secondary indicators, and associated threshold levels, for the assessment of GES in relation to Descriptor 3, according to MSFD Criteria

and Methodological Standards (EU-COM, 2010).

Criteria Primary indicators

Threshold level

Secondary indicators Threshold level

3.1. Level of pressure of the
fishing activity

Fishing mortality (F) (3.1.1)

3.2. Reproductive capacity
of the stock

Spawning stock biomass (SSB) (3.2.1)

3.3. Population age and size
distribution

Proportion of fish larger than the mean
size of first sexual maturation (3.3.1)
Mean maximum length across all
species found in research vessel
surveys (3.3.2)

95 % percentile of the fish length
distribution observed in research
vessel surveys (3.3.3)

FMSY < Feurr

SSB > SSBMSY

Time series analysis and
expert judgment

Ratio between catch and
biomass index (hereinafter
“catch/biomass ratio”) (3.1.2)

Time series analysis and
expert judgment
Biomass indices (3.2.2) Time series analysis and
expert judgment

Size at first sexual maturation,
which may reflect the extent of
undesirable genetic effects of
exploitation (3.3.4)

Time series analysis and
expert judgment

Descriptor 3, the report from the Commission (EU-COM, 2014;
EU-COM Annex, 2014) identified the lowest degree of coherence
at the regional level in relation to IA, GES, and ET definition
across the Mediterranean subregions, while medium coherence
was achieved in the Northern Seas (NE Atlantic), which was
confirmed by the International Council for the Exploration of the
Sea (ICES, 2014a).

This outcome is quite relevant since the Mediterranean Sea,
a large marine ecosystem characterized by high biodiversity
(Coll et al,, 2010), is subjected to an intensive fishing pressure,
with about 90% of assessed stocks showing clear signs of
overexploitation (Colloca et al,, 2013). Despite the alarming
evidence of excessive fishing mortality (Fcurr >> Fysy) exerted
on exploited populations (Vasilakopoulos et al., 2014; Tsikliras
et al,, 2015), fishing pressure has not been reduced in the last
decade for most species (Cardinale and Scarcella, 2017). In the
whole Mediterranean and Black Sea Basin, fishery management
is carried out in the framework of the General Fisheries
Commission for the Mediterranean (GFCM). The GFCM is
a Regional Fisheries Management Organization (RFMO) that
plays a role in coordinating efforts by governments to effectively
manage fisheries at the regional level following the FAO Code of
Conduct for Responsible Fisheries (FAO, 1995).

However, for EU member states with national waters in the
Mediterranean and Black Sea Basins, the prescriptions of the
CFP also apply. At present, the main EU fishery legislations
for this area include the Mediterranean Regulation [Council
Regulation (EC) No. 1967/2006; EU, 2006] and the reformed
CFP [Regulation (EU) No. 1380/2013, EU, 2013]. Landings
from EU member states account for about 87% of the total
Mediterranean landings (average for the 2011-2014 period based
on FAO Fishstat data). The CFP is associated with a financial
instrument [Regulation (EU) No. 508/2014; EU, 2014] that
allows co-financing data collection [Council Regulation (EC)
No. 199/2008, EU, 2008; Commission Implementing Decision
(EU) 2016/1251, EU-COM, 2016]. Moreover, it supports member
states for the implementation of CFP-related structural policies
(e.g., reduction of fishing capacity, support to the development
of processing and trading, etc.). Owing to such financial support

and to the political role of the EU in managing the fishery sector
of member states, the CFP is substantially more demanding
than current GFCM prescriptions in terms of member-state
obligations.

Given the presence of a common and coherent base
of available data (ie.,, DCF), the MSFD prescriptions for
coordination among member states and within the Regional Sea
Convention, and the recorded evidence of limited coherence
within MSFD implementation in the Mediterranean Sea (EU-
COM, 2014; EU-COM Annex, 2014; Crise et al., 2015), we
wanted to assess and compare in detail how member states
implemented the MSFD in relation to Descriptor 3, as well as
identify the most critical sources of discrepancies. Our general
hypothesis based on MSFD requirements is that member states
should have adopted similar approaches in the selection of
assessment areas, stocks to be considered, GES, and target
definitions, and that within the same subregion, the approaches
should have been consistent.

In this context, we analyzed the coherence of MSFD
implementation at the national level across Mediterranean
member states and with both MSFD and CFP objectives. The
potential synergies between these two pieces of legislation
were also considered in light of increasing the degree of
their coherence to further support the efforts to reach fishery
sustainability and GES in the area.

Accordingly, our analysis
objectives:

focuses on the following

1) Assessing the coherence of the selection of stocks and the
extent to which the member states used data collected under
the EU DCF (EU, 2008) for the purposes of IA and GES
assessment within the MSFD.

2) Estimating the percentage of landings subjected to
quantitative assessment of GES and comparing it to the
past and future data availability given EU and GFCM
obligations on data collection.

3) Providing an in-depth analysis of the approach adopted for
MSFD reporting and implementation at the Mediterranean
level, considering the definition of the spatial units adopted
(i.e., assessment areas), GES and ET.
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4) Assessing the current coherence in the implementation of
the MSFD in relation to CFP objectives for commercial fish
and shellfish stocks while considering the potential future
impact of the recent process established under the relevant
Regional Sea Convention (Barcelona Convention) and GFCM
to address MSFD obligations.

These elements are also discussed in light of the recent
Commission Decision (EU) 2017/848 (EU-COM, 2017) released
on May 17, 2017, which updates the former decision on criteria
and methodological standards for GES (EU-COM, 2010). In this
context, we reflect on whether this new technical specification
will ensure higher coherence in the MSFD implementation in the
Mediterranean Sea for GES assessment in regard to Descriptor 3.

MATERIALS AND METHODS

Data Sources

MSFD Implementation within the Mediterranean Sea
Official ~ reports and documentation regarding the
implementation of MSFD in EU Mediterranean member
states (Spain, France, Italy, Malta, Slovenia, Croatia, Greece,
Cyprus, with the exclusion of Gibraltar) were retrieved between
January and February 2017 from the Central Data Repository
of the European environment Information and Observation
Network (Eionet) (http://cdr.eionet.europa.eu/). In the “Central
Data Repository” section within the folders of “Marine Strategy
Framework Directive: Articles 8, 9, and 10 & geographic areas
and regional cooperation reporting,” a series of documents and
files were inspected to gather the following information:

- Spatial units of application (i.e., assessment areas, as defined in
relation to Descriptor 3).

- A list of stocks considered in the IA for each assessment area
(mainly obtained from “national text-based paper reports”).

- GES definitions according to each member state
(Supplementary Table 1).
- ET definitions according to each member state

(Supplementary Table 2).

Landings and Stock Assessments

Official EU landings statistics encompassing all commercial
species obtained by each member state fleet were not publicly
available at disaggregated spatial levels, such as MSFD assessment
areas or FAO geographical sub-areas. Accordingly, data based on
the FAO Fisheries and Aquaculture Department and stored in
the GFCM (Mediterranean and Black Sea) capture production
database were retrieved from the European Marine Observation
and Data Network (EMODnet; Human Activities: Fish catches
by FAO statistical area; http://www.emodnet-humanactivities.
eu/search-results.php?dataname=Fish+Catches+by+FAO+
Fishery+Statistical+Areas). The analysis was conducted using
landing data from the FAO Fishery Statistics by species for the
year 2011 (the closest year available in relation to when MSFD
reporting on IA and GES/ET were carried out by MS). These
data were assigned unambiguously to the MSFD assessment
areas of member states based on the overlap between the country
of origin and statistical area (Table2). Only two exceptions

TABLE 2 | Assessment areas identified by each Mediterranean EU member states
per single MSFD subregion and overlap with FAO Statistical Areas.

MSFD subregion Member Main GSA associated FAO
state to the assessment statistical
area division
Western Mediterranean France GSAs 7-8 1.2-1.3
Sea (WMS) Spain GSAs 1-2 1.1
GSAs 5-6 1.1
[taly GSA 9 1.3
GSA 10 1.3
GSA 11 1.3
Adriatic Sea (AS) Slovenia GSA 17 2.1
Croatia GSA 17 2.1
[taly GSA 17 2.1
GSA 18 2.2
lonian Sea and the [taly GSA 16 2.2
Central Mediterranean GSA 19 29
Sea (ISCM) Malta GSA 15 2.2
Greece GSA 20 2.2
Aegean-Levantine Sea Cyprus GSA 25 3.2
(ALS) Greece GSAs 22-23 3.1

were applied: in the case of Spain, which defined two different
assessment areas joining 4 different geographical sub-areas
(GSAs: 1, 2, 5, 6), all data refer to the same FAO statistical unit
(i.e., Balearic, 37.1.1). Given the inconsistency between FAO
statistical units and MSFD subregional domains for Italy, the
official national DCF 2011 landing data toglierei la virgola by
GSAs were used.

Data Analysis

Consistency across Spatial Units

The geographical boundaries of assessment areas as identified
by member states were plotted based on coordinates provided
by national reports to relate them to the GFCM GSAs and to
highlight potential spatial overlap. This condition would imply
that member states decided to consider for their assessment of
the same area (or at least a portion), thus potentially leading
to contrasting interests and methods. Analyses were carried out
using QGIS 2.18.4.

Consistency in Stock Selection and Corresponding
Proportion of Landings

We tested the hypothesis that member states would have selected
the same species for the MSFD implementation for assessment
areas which were close to each other and, in general terms, at
subregional and regional levels owing to MSFD prescriptions,
the common source of data (i.e., DCF), and the possible
similarities in main target species and landings composition. For
this purpose, two cluster analyses were performed (Bray-Curtis
similarity/group average) on data in relation to each assessment
area selected by member states. One considers the selected stocks
and is based on presence/absence data, while the second is
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based on landings per species per assessment area (fourth-root
transformation) by member states. The analysis was carried out
using Primer 6.1.

We also assessed whether consistency was achieved among
member states in terms of the proportion of landings represented
by the stocks selected (i.e., the IA and reported GES corresponded
to a similar percentage of landings). Accordingly, the percentage
of landings of the stocks selected by member states for the
purpose of the IA over total landings was computed for national
assessment areas at the national level and the subregional
level. Species under international management (i.e., under the
International Commission for the Conservation of Atlantic
Tunas - ICCAT management) were excluded from total landings.
The same computation was done for species evaluated through
stock assessments carried out in the period of 2010-2011 and
approved by the Scientific, Technical, and Economic Committee
for Fisheries (STECF; Cardinale and Osio, 2012). The latter
analysis was carried out to highlight the percentage of landings in
relation to stocks that provide analytical information to evaluate
their status according to MSY-related reference points.

We compared the actual use of data made by member states
within the MSFD implementation to the potential past, current,
and future availability of data in relation to data collection
obligations. To this end, we estimated the percentage of landings
corresponding to stocks for which data collection is required
under the following considerations:

- Stocks for which the DCF (EU, 2000, 2008; EU-COM, 2016)
obligations apply.

- Species assigned a minimum landing size (MLS; now
Minimum Conservation Size) according to Reg. 1967/2006
(EU, 2006) and thus subject to the reformed CFP in relation
to the establishment of management plans and landing
obligations.

- Stocks for which data collection is foreseen in the future
according to the recent update of the Data Collection
Reference Framework by the GFCM (2016).

In the latter case, we considered three groups of species: Al:
stocks that drive the fishery and for which assessment will need to
be carried out regularly; A2: stocks which are important in terms
of landing or economic value at the regional and subregional
levels, and for which assessment will not be regularly carried out;
A3: species within international/national management plans and
recovery or conservation action plans; non-indigenous species
with the greatest potential impact (GFCM, 2016).

GES and Environmental Target Definitions

GES and ET definitions provided by each member state were
analyzed in order to assess whether they were aligned to the
MSEFD prescriptions and objectives. For this purpose (based on
official member state documentation), we assessed the following
items:

1) Comprehensiveness of the application of criteria for IA and
GES assessment (i.e., whether or not member states applied
all criteria).

2) Exhaustiveness of the definition of commercial species to be
considered for GES assessment (i.e., whether or not member

states clearly defined the list of stocks to be considered for
GES assessment).

3) Agreement between the national GES definition, in relation
to the use of reference points for indicators 3.1.1 and 3.2.1
and MSFD technical guidelines/CFP objectives (i.e., whether
member states defined MSY-related reference levels for GES
assessment as targets or limits).

4) Agreement between ET and MSFD/CFP objectives (i.e.,
whether ETs were clearly defined ensuring to reach
MSFD/CEFP objectives).

RESULTS

Consistency across Spatial Units

The MSFD divides the Mediterranean region into four different
subregions: the Western Mediterranean Sea (WMS); the Adriatic
Sea (AS); the Ionian Sea and the Central Mediterranean Sea
(ISCM); and the Aegean-Levantine Sea (ALS). Member states had
to consider such geographical sub-divisions when defining the
extent of assessment areas. Most assessment areas were included
in each geographical subregion except for the Strait of Sicily, for
which the extension partially overlapped between the WMS and
ISCM subregions (Figure 1).

Mediterranean member states defined 16 assessment areas in
total, for which the spatial extension approximately overlapped
with GFCM GSAs (Figure 1; Table 2). However, while the
match between assessment areas and GSAs was almost full
for Ttaly, Malta, Croatia, and Cyprus (i.e., each GSA had a
corresponding assessment area), Spain, France, and Greece
defined some assessment areas that merge two GSAs. In detail,
Spain considered two assessment areas, the “Strait and Alboran”
and the “Levantine Balearic area,” which almost overlapped
with GSAs 1-2 and 5-6, respectively. France defined a single
assessment area by merging waters of the Gulf of Lion (GSA 7)
and the area around Corsica (GSA 8). It is worth mentioning that
a clear overlap emerges between Spain’s and France’s assessment
areas (Figure 1). In the Adriatic Sea, Italy, and Croatia restricted
their assessment from national waters toward the midline. Within
the ALS, Greece considered a single assessment area by merging
waters of GSAs 22-23. The Malta assessment area was restricted
to national waters and thus a sub-portion of GSA 15. In the case
of Cyprus, assessment areas extended beyond the limits of GSA
25, overlapping with two other GSAs.

Consistency in Stock Selection and
Corresponding Proportion of Landings

within MSFD Initial Assessment

Stocks Selection

A total of 419 fish and shellfish stocks corresponding to 89 species
were considered by EU Mediterranean member states for the
purposes of the IA. However, limited consistency emerged in
terms of the typology and number of selected stocks among
assessment areas within subregions and among subregions. In
particular, the number of considered stocks was uneven. Malta,
Spain, Slovenia, and Italy considered between 28 to 43 stocks
per assessment area, while Greece, France, Croatia, and Cyprus
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FIGURE 1 | The spatial boundaries of assessment areas identified by member states for the assessment of Descriptor 3 within the MSFD. Boundaries of FAO
geographical sub-areas are also represented in the background. The area identified by the white crosses represents the overlap between France and Spanish

restricted their assessment to a pool of 7-11 selected stocks
(Table 3).

This pattern is also revealed by the cluster analysis based on
selected stocks by assessment areas, which shows the presence of
two main clusters at a similarity level cutoff of 25% (Figure 2)
with one outlier (Cyprus). The two clusters relate to assessment
areas of high vs. low numbers of considered stocks (Table 3).
Assessment areas displaced in 4 and 3 subregions were grouped
within the two clusters, showing a lack of similarities in stock
selection within subregions. High similarities were observed
among stocks selected at the national level within different
assessment areas and subregions, as in the case of Italy (single
cluster at a similarity of about 75%), Greece, and Spain (similarity
above 80% each).

Further information can be derived by comparing the
outcomes of this multivariate analysis to the cluster based on
landings per species per assessment area (Figure 3). Indeed, at the
same similarity cutoff of 25%, only one major cluster is identified
grouping all assessment areas apart from that defined by
Slovenia. Within the main cluster, two main clusters emerge: one
comprising islands (Malta and Cyprus) and another comprising
all the other member states. Within the latter, Greece’s assessment
areas differ, while a major cluster groups Spain’s and France’s
landings and another groups Italy’s and Croatias landings by
assessment areas. This result shows similarity among landings

of geographically closer assessment areas, which is higher than
that observed in terms of selected stocks. Moreover, it shows
consistency between landing composition across assessment
areas belonging to the same member states. However, in relation
to Italian landings, we point out that the high similarity shown
among its GSAs could be partially due to the different data
sources used for this country compared to the others (i.e., DCF
data vs. FAO statistics). The combined analysis of the clusters
thus shows that stock selection per assessment area for the IA was
not fully consistent with respect to the variation in corresponding
landing composition.

Further differences are revealed when considering the detailed
list of stocks and species selected for the IA at the subregional
level. In general terms, the AS subregion was the area where the
largest number of species was considered (68), followed by WMS
(56) and ISCM (53). Importantly, these values were higher than
those of the ALS, where only a total number of 17 species was
considered (Table 3).

Mullus barbatus was the only species for which stocks were
considered in all the Mediterranean assessment areas. At the
subregional scale, Merluccius merluccius represented a common
stock in all assessment areas within all subregions apart from
the ALS, while Mullus surmuletus was commonly considered
in all assessment areas in both ISCM and ALS. Parapenaeus
longirostris was considered in all assessment areas of ISCM, while
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TABLE 3 | Number of stocks, species, and the corresponding percentage of landings considered within Initial Assessment in all Mediterranean assessment areas.

Subregion Member state =~ Assessment Number % of Number of Common species (within subregion)
area code of stocks landings species

Western Mediterranean Sea Spain SP_1-2 29 53 56 Merluccius merluccius, Mullus barbatus, Octopus
(WMS) Spain SP_5-6 27 vulgaris

France FR_7-8 8 41

Italy IT_09 32 59

Italy IT_10 39 28

Italy T_11 39 54
Adriatic Sea (AS) Slovenia SLO_17 33 90 68 Merluccius merluccius, Mullus barbatus

Croatia HR_17 10 95

Italy T_17 42 50

Italy IT_18 38 40
lonian Sea and the Central Italy [T_16 43 84 53 Merluccius merluccius, Mullus barbatus, Mullus
Mediterranean Sea (ISCM) Italy T 19 28 30 surmuletus, Parapenaeus longirostris

Malta ML_15 26 23

Greece GR_20 7 42
Aegean-Levantine Sea Greece GR_22-23 9 38 17 Mullus barbatus, Mullus surmuletus, Spicara maena
(ALS) Cyprus CYP_25 11 35

Species commonly selected at subregional level (in all assessment areas) are also reported.

20—+
1
1
40+
2
2 60
£
(7]
80—+
100-- TT
* A v A * * v A v * A v < *
Yol © N~ o (3¢ N~ (Y] © (2] ~ D [2} el «© o o
:| ~, 2 ;I Q& o -9 4 ol O sy S B B B
5 ¥ £ 8 % g s 5 5 5 B 5 FE B B F
o (2] z
o =
FIGURE 2 | Cluster analysis (group average, based on Bray-Curtis similarity matrix) of stocks selected per assessment areas (presence/absence data) within the
MSFD Initial Assessment in the Mediterranean Region. @ : Western Mediterranean Sea; A : Adriatic Sea; 7 ; lonian Sea and Central Mediterranean; V¥
Aegean-Levantine Sea. Assessment areas codes are reported in Table 3.

Octopus vulgaris and Spicara smaris were commonly assessed  the highest values recorded for Slovenia and Croatia (above

within WMS and ALS, respectively. 90%), intermediate levels for Spain, France, and Italy (between
40 and 60%), and low levels for Malta, Greece, and Cyprus
Proportion of Landings (between 20 and 40%; Figure4). The comparison between

The proportion of landings corresponding to the stock landing percentages considered within IA and those related to
selected by member states within the IA largely varied among  data collection and policy obligations already established before
assessment areas (Table3). Overall, member states selected  shows that member states possibly did not use all potentially
stocks representing different shares of national landings, with  available scientific data. Indeed, landings associated with stocks
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FIGURE 3 | Cluster analysis (group average, based on Bray—-Curtis similarity matrix) of landings composition per species and assessment areas (fourth root
transformation) within the MSFD Initial Assessment in the Mediterranean Region. @ . Western Mediterranean Sea; A : Adriatic Sea; I : lonian Sea and Central
Mediterranean; V. Aegean-Levantine Sea. Assessment areas codes are reported in Table 3.
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FIGURE 4 | Percentage of landings corresponding to the stocks selected by the EU member states within their Initial Assessment.

monitored under the DCF (EU, 2008) were higher than those  (2006) were higher than those assessed within the IA at the
considered for the IA (Figure 5). Even the landings associated  subregional level, apart from the case of WMS. It is also worth
with species for which MLS was established according to EU  noting that when IA was carried out, only a minor share of
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FIGURE 5 | Percentage of landings corresponding to the stocks considered by EU member states within their Initial Assessment and in relation to data collection and
policy obligations. Estimates are given at MSFD subregional level. WMS, Western Mediterranean Sea; AS, Adriatic Sea; ISCM, lonian Sea and Central Mediterranean;
ALS, Aegean-Levantine Sea. DCF (2008): Percentage of landings corresponding to stocks’ list object of the DCF (EU, 2008). Reg. 1967/2006: Percentage of landings
corresponding to species subjected to Minimum Landings Size according to the Mediterranean Regulation (Appendix 3, EU, 2006). S.A. STECF: Percentage of
landings corresponding to stocks which were assessed on 2010-2011 by STECF (Cardinale and Osio, 2012).
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FIGURE 6 | Percentage of landings whose data collection is required under recently reviewed international obligations. Estimates are given at MSFD subregional level.
WMS, Western Mediterranean Sea; AS, Adriatic Sea; ISCM, lonian Sea and Central Mediterranean; ALS, Aegean-Levantine Sea. DCF (2016): percentage of landings
corresponding to stocks’ list object of the recent revision of DCF (EU-COM, 2016). DCRF: Percentage of landings corresponding to stocks’ list object of the recent
revision of the GFCM Data Collection Regional Framework (FAO, 2016). A1: Stocks that drive the fishery and for which assessment is regularly carried out; A2: Stocks
which are important in terms of landing and/or economic values at regional and subregional level, and for which assessment is not regularly carried out; A3: Species
within international/national management plans and recovery and/or conservation action plans; non-indigenous species with the greatest potential impact.

landings was associated with consolidated stock assessments (i.e.,
those approved by STECF in 2010-2011; Cardinale and Osio,
2012), thus implying that the application of primary indicators
associated with MSFD criteria 3.1 and 3.2 was restricted to a small
number of stocks.

data collection, a slight increase in the coverage of landings
per subregion will be achieved (Figure 6). Recently, the Data
Collection Regional Framework by GFCM (FAO, 2016) has been
further amended with a request to collect data on a larger
share of stocks across the Mediterranean. This is expected to
increase the percentage of landings of stocks associated with

Future Scenarios of Data Availability
The DCF has recently been revised (EU-COM, 2016), and
according to the new set of stocks that will need detailed

the formal stock assessment from about 40-60%, depending
on the subregion (Figure 6). However, the assessment will be
regularly carried out for only a relatively small set of stocks (Al
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species), including five species in all Mediterranean subregions
(i.e., Engraulis encrasicolus, Sardina pilchardus, M. barbatus,
M. merluccius, P. longirostris) and two species assessed in
3 out of 4 subregions (i.e., M. surmuletus and Nephrops
norvegicus). Moreover, for other species (A2 species), assessment
will not be regular. Based on the availability of both Al and
A2 data, between 50% (ISCM) and 81% (WMS) of landings
could be associated with data to assess GES. Considering
vulnerable species within international/national management
plans, recovery, and conservation action plans (A3 species) will
not substantially improve this figure.

Methodological Implementation

GES and Environmental Targets Setting

Most member states applied the IA and defined GES at the
Descriptor 3 level or in relation to criteria 3.1 and 3.2. Conversely,
for Criteria 3.3, only France, Italy, Slovenia and Cyprus provided
some description of GES interpretation, which were quite
vague in some cases (Supplementary Table 1). Three major
discrepancies in comparison to MSFD criteria definitions and
objectives emerge (Table 4):

1) A lack of specification of stocks to be considered (e.g.,
Greece).

2) Reference points for single stocks (e.g., Fmsy) which were
considered as targets and not limits (e.g., Spain and France).

3) A lack or preliminary definition of threshold levels; i.e., the
percentage of stocks that need to be within safe biological
limits to consider GES to be achieved (e.g., Italy).

In total, member states defined 31 ETs referred to Descriptor
3 (Supplementary Table 2). Among the selection of those
mainly related to commercial fishing practices, most of the
ETs referred to GES achievement, while a smaller part
represented interim targets (Table 5). However, the agreement
with MSED objectives was overall limited. These inconsistencies
included:

1) A lack of detailed definition of stocks for which the target
should be achieved (e.g., Spain, France, Slovenia, Greece).

2) The setting of objectives that are less ambitious than MSFD
objectives and promote stability rather than improvement
(where necessary) of stock status (e.g., Croatia).

3) The lack of clear definition of targets in relation to policies
(such as the CFP) that still needed to be issued when ETs were
proposed (e.g., Italy, Cyprus).

Depending on the member state, targets not explicitly related
to the GES definition and achievement were considered
(Supplementary Table 2). These included the regulation
of recreational fishing (i.e., Slovenia, Italy); the improved
monitoring of biological resources (e.g., Greece, Cyprus); the
establishment of MLS for selachians and the control of illegal,
unreported, and unregulated fishing (IUUF) (i.e., Italy); and the
sustainability of artisanal fishing (i.e., France).

DISCUSSION

The MSFD represents an unprecedented effort to implement
an ecosystem approach in marine waters in a large area like
European marine waters, encompassing several countries and
ecosystems, and establishing a holistic functional approach
(Borja et al., 2010). This process was based on the definition of
GES in relation to 11 descriptors, which consider the majority of
marine ecosystem components and pressures. The Commission
provided technical guidelines to support member states in MSFD
implementation and fostered the coordination among member
states and other countries thanks to the role of Regional Sea
Conventions. Among the 11 MSFD descriptors, Descriptor 3 is
not the only one connected to fisheries and their impact on the
marine environment, with partial overlap with biodiversity, the
marine food-web and seafloor integrity (Descriptors 1, 4, and 6,
respectively). In this paper, we focused on Descriptor 3 related
to commercial fish and shellfish and considered the approach

TABLE 4 | Main elements of discrepancies arising from the comparison between member states GES definition according to Descriptor 3 criteria in respect to MSFD

criteria definition (EU-COM, 2010).

Member state Criteria 3.1: Fishing pressure

Criteria 3.2: Reproductive capacity

Criteria 3.3: Population age and size

distribution
SPAIN Fumsy considered as a target SSB considered as a target NA
FRANCE Fumsy considered as a target SSB considered as a target Vague definition
ITALY Fpmsy considered as a limit. Preliminary SSB limits poorly defined. Preliminary Trend based definition
thresholds thresholds
CROATIA Fpsy not clearly defined as a limit. SSB not clearly defined as a limit. Application NA
Application only to assessed stocks—no only to assessed stocks—no use of
use of secondary indicators secondary indicators
SLO Fumsy considered as a limit. Use of SSBy gy considered as a limit Reference points not defined for 3.3.1. Trend
secondary indicators based analysis for 3.3.3
MALTA GES not defined adequately
GREECE GES not defined adequately. Fygy limits GES not defined adequately. SSB limits NA
applied only to undefined selected stocks applied only to undefined selected stocks
CYPRUS Unclear if all stock should be below Fygy Unclear if all stock should be above SSBy gy No operational definition

NA, criteria not considered. The full definition of GES by member states per descriptor/criteria/indicators is reported in Supplementary Table 1.
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TABLE 5 | Selected list of environmental targets defined by Mediterranean EU member states in the early phases of MSFD implementation.

Member state

Environmental targets

Type of target/
indicator

Interim or
GES target?

SPAIN
FRANCE

ITALY

CROATIA

CROATIA

SLOVENIA

SLOVENIA

MALTA

GREECE

CYPRUS

Ensure that fish stocks are properly managed so that they remain within safe biological limits.

Develop professional fishing practices compatible with the maintenance of living resources in
the Gulf of Lion and coastal areas, at sustainable harvesting levels.

For those stocks that show signs of overfishing (F > Fygy or E > Eygy), or that are
overexploited (SSB < SSBref level), or show signals pointing to an ongoing significant alteration
of their age structure/reproductive capacity according to indicators 3.2.2, 3.3.1, and 3.3.3, a
reduction in fishing mortality aligned with the objectives that will be defined in the forthcoming
reform of Common Fisheries Policy (CFP) will be implemented.

(a) Demersal fish: long-term stability of distribution, biomass and abundance of targeted
species in the assessment area. (b) Demersal fish: long-term stability of demersal communities
in the assessment area. (c) Pelagic fish-anchovy: long-term stability of anchovy eggs and larvae
abundance. (d) Pelagic fish-sardine: long-term stability of sardine eggs and larvae abundance.
(e) Shellfish: long-term stability of targeted species biomass indices.

(a) Demersal fish: the demographic structure remains unchanged. (b) Pelagic fish-anchovy: the
demographic structure, sex ratio and batch fecundity remain more or less stable over time. (c)
Pelagic fish-sardine: the demographic structure, sex ratio and batch fecundity remain more or
less stable over time. (d) Coastal fish: long-term stability of the composition, biomass indices
and length structure of targeted species. (e) Shellfish: the demographic structure of targeted
species remains more or less stable over time.

By 2018, the need to reduce fishing mortality to a level which will ensure sustainable use.
Related objectives: the stock of sole (Solea solea) is overfished, thus a reduction of F is
recommended, particularly the use of dredges. Two-month ban on fishing with dredges at the
distance from 11 km from the Italian coast; closures for the reduction in the catch of juveniles.
Stock of sardine (Sardina pilchardus) is fully exploited, thus fishing effort should not increase. It
must also interact with the fishery for anchovy. Anchovy (Engraulis encrasicolus) is fully
exploited, thus fishing effort should not increase.

By 2018, fishing effort should be reduced by x% for all species, basing on studies that found a
reduced ability to reproduce or a modified age/size structure of populations.

Management and monitoring of fishing activities result in a sustainable fishing effort over time,
in line with the measures put forward in Malta’s Fisheries Management Plans, with a view to
ensuring sustainability of the stocks targeted by Maltese fisheries.

Correlation of the fishing activities with the designated indicators. Associated indicators: The
F/Fpmsy and B/Bygy ratios for main target demersal species and the exploitation rate of main
target pelagic species should be within the designated thresholds as defined by National and
EU Legislation.

Populations of all commercially exploited fish and shellfish should approach safe biological
limits, exhibiting a population age and size distribution that is indicative of a healthy stock. All
ICES, ICCAT, and GFCM recommendations in that direction will be followed, within the
framework of the European Common Fisheries Policy.

Operational

Pressure

Pressure

State

State

Operational

Pressure

NA

Operational

State

GES
GES

Interim

GES

GES

Interim

Interim

NA

Interim

GES

The full list of environmental targets established by member states is reported in Supplementary Table 2. Only targets mainly focused on commercial fisheries are reported.

and outcomes of the early phases of MSFD implementation. The
focus was the Mediterranean Sea, an area that shows critical
signs of overexploitation (Cardinale and Scarcella, 2017). Our
analysis shows a potentially critical lack of coherence among
member states in the implementation of the MSFD. Such
inconsistencies can be observed at several levels, particularly: (i)
the stocks selected for the implementation of the IA and the
corresponding share of landings; (ii) GES definitions; and (iii) ET
definitions.

Stock Selection

Stock selection was uneven within the whole basin, with only a
single species considered in all assessment areas, i.e., M. barbatus.
A similar result emerged at subregional scale, with only 3-4
stocks in common among subregions. While limited consistency

was observed at these levels, member states applied consistent
approaches within the assessment areas they defined.

Owing to these discrepancies, it is clear that any IA would have
resulted in inconsistent and incomparable outcomes (even in the
case of identical analytical approaches applied to define GES and
integrate data among assessment areas). Some member states
selected a relatively large number of stocks for each assessment
area, while others restricted their analysis to a more restricted
pool. In the case of Croatia, the latter choice did not impede
representing a large portion of landings, which was above 90%.
This outcome is the effect of the high incidence of small pelagics
in the total national landings, particularly S. pilchardus and
E. encrasicolus.

Landings characterized by a high number of commercial
species are typical of the Mediterranean Sea owing to the
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presence of multispecific fisheries and varied seafood cultural
habits (Farrugio et al., 1993). This contrasts with the North-East
Atlantic region, where there are a limited number of stocks for
the bulk of landings. Moreover, in the Mediterranean Sea, about
80% of the fishing vessels are from small-scale fisheries, which
have clear practical difficulties with monitoring their catches of
local stocks (FAO, 2016).

When comparing the potential availability of data for
exploited stocks arising from the EU DCF (EU, 2008) in
the Mediterranean Sea with the number of stocks selected
for the IA, it appears that only a small fraction of stocks
monitored under DCF were considered. This mismatch could
be partially due to the quality or availability of data, which can
be affected by species with low catchability or high variability
within standardized surveys, spawning periods not coinciding
with data collection periods, relatively short time-series, etc.
Such factors might have affected the possibility of estimating
some indicators in relation to different MSFD criteria. It
must also be considered that criteria adopted to select stocks
within assessment areas influenced this outcome. For instance,
Spain selected only species for which landings were above
1% of the total landings within the considered assessment
areas. Other member states did not consider some species with
large landings, as in the case of Chamelea gallina in GSA
17. All of this is linked to an uneven interpretation of the
criteria for Methodological Standards (EU-COM, 2010), which
requested that “all commercial species” be considered, explicitly
referring to the scientific data collected under the DCF (EU,
2008).

However, we highlight that our estimates should be taken
with some caution since they were based on FAO statistical
data (apart from Italy) and are referred to 2011. These data
could differ to some extent from national statistics or DCF
data, which are usually not fully accessible at the GSA level.
For instance, Spain reported covering about 70-90% of national
landings per assessment area referring to average values 2008-
2010. Such estimate includes species assessed by ICCAT (which
were excluded in our analysis). These values are quite different
from our estimations referred to 2011 landings (53% in total),
even though we considered the same set of species. Moreover,
Spain reported that out of the 29 and 27 stocks they selected in
relation to GSAs 1-2 and 5-6, only in 22 and 23 stocks indicators
were applicable, due to lack of data.

It is worth mentioning that after the initial steps of the
MSFD were implemented (early 2013), member states defined
monitoring programs to fill the gaps of knowledge that
emerged, defined the programmes of measures, and in some
cases had already refined the species list to be considered
in their assessments. However, different approaches can be
identified. For instance, in 2015, Malta increased the number
of species to be considered, including taxa not previously
considered (e.g., cephalopods). In contrast, in the process of
carrying out the monitoring programs, Italy amended some
previous definition of GES. In this context, Italy identified
commercial species to be considered as “those under Reg.
1967/2006, provided that they belong to G1 and G2 MEDITS
species or they are MEDIAS species” (free translation from

Decree of the Ministry of Environment of 17 October 2014;
Decree 2014; MEDITS: International bottom trawl survey in
the Mediterranean; MEDIAS: Mediterranean Acoustic Survey
on Small Pelagics). These new selection criteria would sharply
reduce the number of stocks considered per assessment area
in the forthcoming assessment to 11 stocks, in contrast to
the average of 36 stocks that were included in the previous
assessment (Table 3).

GES and Environmental Target Setting
Further inconsistencies emerge when considering the definition
of GES and ETs by member states. Overall, the definition of
GES differed among member states and within subregions in
relation to: (i) different interpretations or limited description
of which stocks should be considered for GES assessment; (ii)
whether to consider MSY-related reference points as targets or
limits; and (iii) which shares of stocks should be within safe
biological limits to achieve GES. Each of these items would
produce different outcomes in terms of GES assessment and
requirements to achieve GES. Indeed, applying different criteria
for selecting stocks prevents member states from conducting
assessments on similar stocks or similar shares of landings. At
the same time, using MSY-related reference points as a target
allows for the possibility of being above or below the reference
point, which is less restrictive than setting the reference point as a
limit. In addition, using different criteria to achieve GES in terms
of the percentage or number of stocks that must be within safe
biological limits would also have implications in the measures
to be adopted to achieve GES. In this context, following a strict
application of the MSFD criteria and methodological standards
would have implied the inclusion of all stocks for which data
are collected under the DCF in the assessment, the use of MSY-
related reference points as limits, and the need to have 100% of
stocks in safe biological limits to reach GES.

These discrepancies across member states clearly prevented
a coherent definition of GES criteria. Moreover, only some
countries adopted and defined GES in relation to secondary
indicators, particularly for indicators of Criteria 3.3 (population
age and size distribution). The latter case could possibly be
linked to the lack of agreement on procedures to define reference
limits to assess indicators of Criteria 3.3. Indeed, the recent
advice proposed by ICES in relation to length-based indicators
suggests that related indicators are not fully operational and
that additional research will be needed to reach a consensus on
defined reference levels (ICES, 2017).

Some member states applied GES estimation considering only
assessed stocks, or in some cases applying secondary indicators
associated with Fygy and SSBysy as primary indicators.
However, restricting the analysis to only stocks formally assessed
under a quantitative stock assessment procedure would clearly
restrict the share of landings subjected to GES assessment,
especially in the case of the Mediterranean Sea. Indeed, although
the number and range of stock assessments have increased in the
last decade, the share of landings for which such assessments were
available at the time of MSFD implementation ranged between 10
and 30% in three subregions (ISCM, WM, ALS), and up to 60%
in the case of the AS.
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