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Abstract

Understanding the dynamics of pelagic fish fluctuations is crucial to ecosystem well-being and sustainable fishery. Here,
inter- and intra-annual landing dynamics of small and medium pelagic fish were delineated between 2000 and 2022 in the
landlocked Sea of Marmara. Time series of environmental variables and fisheries landings were analyzed for their trends and
inter-correlations. Results showed that variations in the landings of small and medium pelagic fish in the Sea of Marmara had
strong seasonality and were very likely affected by fishing effort, and sea surface temperature regimes. During the study period,
landings of anchovy, bonito and bluefish, and net primary production showed no significant trends. On the other hand, Mediter-
ranean horse mackerel had a significant decreasing trend, while sardine landings and the sea surface temperature (0.05+0.01 °C/
y~!) had a significant increasing trend. Analysis of the duration of the fishing period in a given fishing season showed that
reaching 90% of the landings (L) for anchovy, sardine, and Mediterranean horse mackerel shifted almost one month earlier,
and for bonito, L, showed no change for larger ones, but extended almost one month for small individuals. The multiple linear
regression models indicated that the landing dynamics of small and medium pelagic fish were also influenced by the prey-
predator relations in the food web. Exploiting anchovy stocks would likely have consequences on the dynamics of bonito and
bluefish stocks, and exploiting bonito and bluefish stocks would have a cascading trophic impact on small pelagic fish catches.
This study highlights the necessity of adaptive management measures for fisheries under regional sea warming conditions, and
a one-and-a-half-month delay in the opening time of the fishing season, thus shortening its duration is strictly recommended.
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Introduction

Climate change has a range of effects on marine ecosystems
from changing water temperatures, modified circulation, or
habitat conditions to effects occurring through altered path-
ways within biogeochemical cycles and food webs (Lima et al.
2022). Small pelagic fish such as anchovy and sardine are very
sensitive to climatic fluctuations, and they can respond quickly
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through changes in their recruitment processes (Hunter and
Alheit 1995; Pennino et al. 2020). The reproductive strategy
of producing large quantities of pelagic eggs, which is pre-
sent in pelagic fishes, makes their populations dependent on
environmental conditions (Palomera et al. 2007; Giannou-
laki et al. 2013). Overfishing and declining landings of small
pelagic fish have been observed in the Mediterranean Sea,
and decadal decreasing trends in landings of medium pelagic
fish were also reported (Piroddi et al. 2017; Van Beveren et al.
2016; Ouled-Cheikh et al. 2022). Changes in pelagic fish pop-
ulations, whether by fisheries or climate, affect the integrity
of the marine ecosystem and economic stability (Cury and
Shannon 2004; Alder et al. 2008; Coll and Libralato 2012).
Therefore, delineating the landing dynamics of both small and
medium pelagic fishes from regional to global scale can pro-
vide indispensable information to aid in developing manage-
ment plans for ecosystem well-being and sustainable fishery.

The Sea of Marmara (SoM) is the northeastern most part
of the Mediterranean Sea and is one of the seven marine
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ecoregions together with the Aegean Sea (Spalding et al.
2007). The SoM is a nearly enclosed basin that forms a tran-
sition zone between the Black Sea and the Mediterranean
Sea via two narrow straits (the Bosphorus and the Darda-
nelles). It has a primarily east-west orientated movement
corridor that may restrict the northward displacement of
organisms (Philippart et al. 2007). The SoM fishery is pre-
dominantly pelagic. Its contribution to the overall Mediter-
ranean pelagic fishery is nearly 10% (25,876 t to 268,178
t, respectively, FAO 2020). Anchovy (Engraulis encrasico-
lus) is the dominant species, accounting for approximately
70% of the total catch (FAO 2020), followed by Mediter-
ranean horse mackerel (Trachurus mediterraneus), sardine
(Sardina pilchardus), bluefish (Pomatomus saltatrix) and
Atlantic bonito (Sarda sarda). Since bluefish and Atlantic
bonito (bonito hereafter) are iconic fishes in Turkish culture,
scientific research on their migration behavior in the SoM
dates back to the 1950s. Large schools of bluefish and bonito
migrate from the SoM to the Black Sea for spawning in the
spring season and return to the SoM in late autumn (from
August to October). This migration period of large bluefish
and large bonitos through the Istanbul Strait (Bosphorus)
was noted to be an important event and hence was a festive
time for Istanbul residents (Ulman et al. 2020). However,
their landings had decreasing trends since the onset of the
2000s. In the SoM, there are three main indirect approaches
in force for fisheries management: (i) temporal industrial
fishing ban from April 15 to September 1 every fishing
season, (ii) minimum landing size (MLS) for certain spe-
cies including small and medium pelagic fish, and (iii) geo-
graphical and structural gear restrictions. Annual temporal
closures for industrial fishing are a regulation for protecting
spring-summer spawners (such as anchovy, horse mackerel,
and bonito) and have been applied since 1971. It is one of the
longest (and permanent) closure periods for the industrial
fisheries in the entire Mediterranean basin with a total of
135 days (Y1ldiz et al. 2020). Considering the importance of
pelagic fishery, annual fishing ban is a very important man-
agement measure, because purse seiners constitute 80% of
the total catch and only 5% of the 3500 active fishing boats
in the SoM (Koyun et al. 2022).

In data-limited regions, such as the SoM, landing dynam-
ics and its seasonality can be used as a proxy for fish stock
status and level of its exploitation. Variation in landings, and
its relation to environmental variables especially changes
in the sea water temperature, are useful for understanding
species interactions and their response to those changing
condition. In this study, the inter- and intra-annual condi-
tions in the landing dynamics of small and medium pelagic
fish in the SoM were evaluated by considering regional
sea warming, fishing effort, and prey-predator relations.
Monthly basis landings of five pelagic fish and satellite-
derived environmental variables from 2000 to 2022 were
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used. Specifically, decadal changes in the (i) seasonality of
the environmental parameters, small and medium pelagic
fish landings and fishing efforts, (ii) duration of the land-
ing season for each species, (iii) the correlation between
environmental parameters and landings of each species, and
(iv) the relation between pelagic fish landings by means of
prey-predatory interactions were analyzed.

Materials and methods
Data set

Monthly landings data of the small pelagic fish anchovy,
horse mackerel, sardine, and medium pelagic fish bluefish,
and bonito were obtained from the Istanbul Fish Market
(IFM) of Istanbul Metropolitan Municipality (https://gida.
ibb.istanbul/tarimve-su-urunleri-mudurlugu/su-urunleri-istat
istikleri.html) where this kind of detailed dataset is only pro-
vided by. Data series spanned from 2000 to 2022. Earlier
data were not used in the analysis because of the lack of
certain environmental variables and intermittent monthly
landing statistics. The small and medium pelagic fish species
analyzed here are mainly subject to industrial exploitation
and are caught by purse seiners, although a small part of
their landings may have been derived from gillnets and tram-
mel nets. The representativeness of the IFM landings data
for the SoM by comparing it to Turkish Statistical Institute
(TurkStat) annual catch statistics (https://biruni.tuik.gov.tr/
medas/?locale=tr) were checked. The overall average ratio
of annual landings data for five pelagic species by the IFM
and TurkStat was 0.83 with +0.25 standard deviation which
shows IFM landings data is acceptable to evaluate SoM
pelagic fisheries. Bluefish and bonito are acknowledged for
their different sizes and landings data were also provided
separately for bonito and large bonito (> 35 cm), and small
bluefish (<25 cm) and bluefish (Table 1) which were used
separately in the analyses as well.

The satellite data used for this study consisted of mean sea
surface temperature (SST, °C) and net primary productivity
(NPP, mg C m~2 d™"). GlobColour monthly reprocessed NPP
data product by ACRI-ST were used. SST data were a merged

Table 1 Different market sizes of Atlantic bonito and bluefish and
their acknowledged Turkish names

Fish TL (ecm) TW (g) Acknowl- In this study
edged Turkish
name
Bluefish 10-25 50-250  Cinekop Small bluefish
25-35 250-500 Liifer Bluefish
Atlantic 30-35 600-900 Palamut Bonito
bonito 50-60 30004000 Torik Large bonito
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multisensory product by The Group for High Resolution Sea
Surface Temperature (GHRSST), Met Office (National Meteor-
ological Service for the UK), and Copernicus Marine Environ-
mental Monitoring Service (CMEMS). All data were obtained
from the CMEMS for the years 2000-2022. The data were spa-
tially averaged for each fishing season prior to analyses.

Effort data based on fishing hours of purse seiners were
obtained by the Global Fishing Watch (GFW) online tool
between 2013 and 2022 to calculate landings per unit effort.
The GFW is an international non-profit organization that
provides global effort data by analyzing the positions of ves-
sels tracked using Automatic Identification Systems (AIS)
(Guiet et al. 2019). In the GFW system, once fishing ves-
sels are identified and fishing positions detected in the AIS
dataset, the apparent fishing effort can be calculated for the
requested area by summarizing the “fishing hours” for all
fishing vessels in that area. The effort estimates used in this
study were expressed as the number of fishing vessel days
for the whole SoM basin, calculated daily by summing the
number of purse seine vessels fishing at least once in a given
day, and were converted to monthly resolution.

All data were collated to conform to a fishing season that
starts on the 1st of September in a given year and ends on the
15th of April in the succeeding year, covering seven-and-a-
half-month period. A temporal fishing ban between the 15th
of April and the 31st of August is applied for the industrial
purse seiners operating in the SoM. Thus, to delineate the
relationship between landings and environmental factors,
one fishing season (fishing year) was set to eight different
months from September to April (next year). Annual average
values for both environmental and landings data were also
calculated according to the fishing season.

Data analysis

Trend analyses were applied to the time series of satellite-
derived SST and NPP data, and landings of each pelagic fish
to determine the significant trends. The correlation between
the entire time series of environmental variables and the
landings of pelagic fish was detected by Pearson’s product-
moment analysis following logarithmic transformation.

The changes in the fishing activity were analyzed both
seasonally and inter-annually. Each pelagic species’ landings
when reached 50% and 90% of the yearly landings was deter-
mined (L5, and Ly, respectively). For each fishing season,
the cumulative sum of the monthly landings was divided
by the yearly total catch to set up a standardized time series
of cumulative catches in the respective fishing season. A
conditional bar table was generated to visualize the annual
changes in the monthly duration of the fishery for each spe-
cies from September 2000 to April 2022.

Landed catch is significantly related to the fishing
effort exerted, hence, to uncover the relationships among

environmental factors and trophic interactions, the landings-
per-unit-effort (LPUE) values were calculated by dividing
the monthly landings by the average monthly fishing effort.
The calculated long-term averaged monthly fishing effort data
from 2013 to 2022 were used to calculate monthly LPUE
for 2000-2012 (Fig. 1b). Distributed-lag time series linear
regressions were used to model the monthly LPUE of species
using environmental (SST) and bio-optical and biotic (NPP
and LPUE of other species) variables as predictors. The time
series were subjected to reciprocal transformation prior to
the regression analysis. The best model was selected using a
stepwise approach, first including all the possible covariates
in the model and then removing the ones with a p-value > 0.05
to minimize Akaike’s Information Criterion (Akaike 1974)
score. Finally, the models that were statistically significant
(p <0.05) were chosen. Multicollinearity is an important con-
cern in regression analysis when predictor variables are highly
correlated to each other (Belsley et al. 2005). To assess the
degree of multicollinearity, variance inflation factor (VIF) val-
ues were calculated for the predictors in the linear models and
half of the suggested cutoff value (Midi and Bagheri 2010)
were chosen. The skills of the statistically significant linear
models in reproducing the time series LPUE values of species
were analyzed using Taylor diagrams that encompassed infor-
mation about the models’ correlations and standard deviations
against observations (Taylor 2001).

Analyses were carried out with version 4.1.3 of R statis-
tical software (R Core Team 2022) using packages “astsa”
(Stoffer and Poison 2022), “olsrr” (Hebbali 2020), “caret”
(Kuhn 2021), “zyp” (Bronaugh and Werner 2019), “xts”
(Ryan and Ulrich 2020), “Hmisc” (Harrell 2022), and
“corrplot” (Wei and Simko 2021).

Results
Inter- and intra-annual variations

According to the GFW data, the fishing effort peaked
almost every year at the onset of the fishing season (Sep-
tember), and after exhibiting a sharp decrease in October
remained mostly stable until late winter, and reached its
lowest at the end of the season parallel to the landings’
pattern (Fig. 1b). Monthly variation of fishing effort in
the time series was the lowest in October (CV =0.21),
indicating less variability in fishing effort. However, more
variability was observed towards the end of the season
(CV =0.38-059). From 2013 to 2022, the total inter-
annual fishing effort has almost halved (Fig. 1a). However,
from 2000 to 2022, total landings did not differ signifi-
cantly between the years (p =0.88).

SST showed a significant positive trend of 0.05+0.01 °C/
y~! during the study period (p <0.01). Monthly average
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values indicated that the warmest month in a fishing season
was September (22.85+0.11 °C) and the coldest was Feb-
ruary (8.23 +£0.14 °C) (Fig. lc, d). Contrary to the changes
in SST, NPP values were stable and showed no signifi-
cant trend. NPP reached a minimum in winter (December
327 +20 mg C m~>d™!), and increased to a maximum value
in April (986 +83 mg C m™d~', Fig. le, f).

SST also showed an overall increase in the inner basin of
the SoM between the initial (September 2000—April 2005)
and final (September 2017—April 2022) five-year fishing
seasons of the study period (Fig. 2). Much of the increase
in SST occurred along the coastal areas and in the central
basin. In addition, along the northeastern part and the Istan-
bul Strait, the SST increase was much higher than that in the
southwestern part and the Canakkale Strait.

Anchovy landings were relatively stable during the study
period. Sardine landings increased with a significant trend
(p=0.01), but Mediterranean horse mackerel landings
decreased with a significant trend (p =0.03) (Fig. 3a). Bonito
showed great fluctuations over the years, but no significant
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trends were found. Large bonito showed two distinct peaks
in landings in 2002/2003 and 2016/2017 fishing season (578
and 695 tonnes, respectively). Both sizes of bluefish also
showed large fluctuations in landings, and no significant
trends were found. Similar to large bonito, bluefish showed
two major peaks in landings, reaching up to 10 times the
average value in the 2002/2003 and 2018/2019 fishing sea-
sons (2324 and 2456 tonnes, respectively; Fig. 3a).
Average anchovy landings were maximum in Novem-
ber (3410 tonnes) and gradually decreased to a minimum
in April (400 tonnes). Average sardine landings were the
highest during the first months of the fishing season (Sep-
tember and October; 91 and 100 tonnes, respectively) and
decreased to a minimum in November, then gradually
increased and peaked in February (100 tonnes). Mediter-
ranean horse mackerel landings showed a similar cycle to
anchovy and were maximum in December (1072 tonnes),
then gradually decreased and reached a minimum in April
(Fig. 3b). Following the opening of the fishing season in
September, bonito and large bonito landings were high
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Latitude (degrees N)
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Fig.2 Location of the Sea of Marmara and position of the Istanbul
Fish Market (IFM, white triangle) in its northern coast where pelagic
landings data were collected. Fractional change of sea surface tem-
perature between the initial (September 2000—April 2005) and final
(September 2017-April 2022) five-year fishing seasons of the study
period

and reached a maximum in October (406 and 23 tonnes
respectively), then sharply decreased to a minimum after
November and remained very low until the end of the fish-
ing season in mid-April. The average landings of small
bluefish were minimum in September (35 tonnes), reached
a maximum in November (1188 tonnes) and after a sharp
decrease remained low until the end of fishing season.
Average landing of bluefish reached a maximum in Octo-
ber (171 tonnes) and then gradually decreased to a mini-
mum in April (3 tonnes) (Fig. 3b).

Average LPUE variations for medium pelagic fish had
similar seasonality as the landings which were the highest
during the first months, followed by sharp decreases and
remained lowest in April, at the end of the fishing year
(Fig. 3c). For the small pelagic fish, on the other hand,
average LPUE variations showed different patterns than
their landings. Contrary to the higher landings following
the opening of the fishing season, LPUE values increased
towards the end of the fishing year for sardine and Mediter-
ranean horse mackerel. For anchovy, a similar pattern to that
of medium pelagic fish was observed at the beginning of the
fishing year, but LPUE remained stable during the rest of the
fishing season (Fig. 3¢). The fishing season started with high
LPUE values first for bluefish, and both sizes of bonito in
October, and continued with high LPUE values for anchovy
and small bluefish in November once bonito LPUE started
to decrease.

Shifts in the seasonality of pelagic fish landings

The standardized cumulative landing time series for each
species displayed a similar shape for small pelagic and
medium pelagic fish separately, which reflected the differ-
ent phases of exploitation of those species during the fishing
season (Fig. 4; Table 2). Thus, the indicator Ly, displayed

changes seperately during the initial and the final five-year
fishing seasons of the study period (2000/2001 - 2004/2005
and 2017/2018 - 2021/2022, respectively). The Ly, and Ly,
for anchovy, sardine, and Mediterranean horse mackerel
shifted earlier, except for Ly, of Mediterranean horse mack-
erel which remained stable (Fig. 4a, c; Table 2). The Ls, and
Ly, were stable for bonito; however, Ly, shifted almost one
month earlier for large bonito (Fig. 4b, d; Table 2). The L,
and Ly, were slightly delayed for small bluefish, and Ly, was
also slightly delayed for bluefish while Ly, shifted slightly
earlier (Fig. 4b, d; Table 2).

Relationships among variables

Both sizes of bonito and bluefish showed significant posi-
tive correlations with SST, and only small bluefish showed
significant negative correlations with NPP (Fig. 5). The cor-
relation between SST and bonito landings was also very high
(r>0.60). Anchovy and Mediterranean horse mackerel had
a significant negative correlation with SST. To understand
prey-predator interaction, the correlation between land-
ings of medium and small pelagic fish was also detected.
Anchovy landings were significantly correlated with horse
mackerel and both sizes of bonito and bluefish. Mediter-
ranean horse mackerel landings had a significant negative
correlation with the landings of bonito, and had significant
positive correlations with bluefish (Fig. 5).

The stepwise statistical linear modeling approach resulted
in five statistically significant models for the LPUE of
anchovy (R*=0.46), sardine (R>=0.21), horse mackerel
(R?=0.28), bonito (R>=0.54), and bluefish (R*=0.65).
The models for sardine and horse mackerel explained less
than 30% of the variability in their respective time series of
LPUE, although both were statistically significant. However,
models of anchovy, bonito, and bluefish had better skills in
reproducing their respective time series of LPUE (Table S1).
Taylor diagrams showed that the correlations of anchovy,
sardine, horse mackerel, bonito, and bluefish models were
0.63, 0.15, 0.38, 0.76, and 0.78, respectively (Fig. S1a). The
models of sardine and horse mackerel were statistically sig-
nificant but had low explanatory power in reproducing the
LPUE of the two species (Fig. S1b). The VIFs were close
to unity, indicating that no important degree of multicol-
linearity that would hamper the outcomes of the regression
analysis existed between the predictor variables in the mod-
els (Table S1).

Discussion
According to study results, variations in the landings of

small and medium pelagic fish in the SoM had strong sea-
sonality and were affected by fishing effort, prey-predator
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Fig.4 Standardized cumulated
monthly landings throughout
the fishing season, indicat-

ing the months in which 50%
(Lsg), and 90% of the landings
were completed (Ls, and Ly,
horizontal solid lines). a—b the
initial (September 2000—April
2005) and c—d final (September
2017-April 2022) five-year
fishing seasons of the study
period. Colored vertical dashed
lines show respective landings
for each species at Ls; and Ly,
SPF: small pelagic fish, MPF:
medium pelagic fish
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Fig.5 Pearson correlation between landings of each pelagic spe-
cies and environmental parameters. Colored circles indicate signifi-
cant correlations at p=0.05 whereas non-significant correlations are
blank. Variables are as follows: SST: sea surface temperature, NPP:
net primary production, Anc: anchovy, Sar: sardine, MHmac, Medi-
terranean horse mackerel, Bon: bonito, BonL: large bonito, BluS:
small bluefish, Blu: bluefish. All variables were logarithmically trans-
formed prior to analyses

dynamics, and SST regimes. During the study period, SST
showed positive trends with 0.05 °C increase per annum
from 2000 to 2022 in the SoM. Compared to neighboring
seas with SoM, SST shows a slightly lower warming trend
than the Black Sea (0.05-0.09 °C y™'), but slightly higher
than the Aegean and Mediterranean Seas (0.04—0.05 °C y™!
and 0.03-0.04 °C y~!, respectively; Shaltout and Omstedt
2014; Garcia-Monteiro et al. 2022). Other satellite-derived
environmental variable, NPP, showed no clear trend over
the years, but its seasonal variability was high as the spring
season had the highest, and the winter season had the low-
est productivity. Due to the fishing effort that concentrated
at the onset of every fishing season, the landings of both
small and medium pelagic fish were mainly aggregated in
the autumn season and were the lowest in spring through
the closing. Inter-annually, i.e., from 2000 to 2022, land-
ings of anchovy, bonito, and bluefish showed no significant
trends; on the other hand, sardine landings had a significant
increasing trend, while Mediterranean horse mackerel had
a significant decreasing trend.

Considering the bluefish and bonito according to their
size, the landings of large individuals, which are already
less than the small ones (3—5- and 4—10-folds, respectively),
have become less frequent in two decades. This is defined as
growth overfishing, which occurs when the catch size of the
commonly caught species decreases over time (Pauly 1994).

@ Springer

In addition to growth overfishing, recruitment overfishing
is also detrimental to bluefish. Recruitment overfishing is
defined as the rate of fishing above which the recruitment
of a unit stock is significantly reduced and is characterized
by a noticeable reduction in the spawning stock biomass
and a decrease in the proportion of mature fish (Myers et al.
1994; Froese and Pauly 2023). Recently, bluefish smaller
than 15 cm in length have been sold in Turkish fish mar-
kets, which signifies the likelihood of an imminent collapse
of this fishery, as older mature fish now seem to be rare.
Thus, the occurrence of both growth and recruitment over-
fishing is good predictors of impending future collapse of
stocks. The general seasonal pattern of medium pelagic fish
landings differed from that of small pelagic fish. Anchovy
landings showed significant correlations with the landings
of small and large bluefish. Both sizes of bonito landings
had significant correlations with SST indicating migration
patterns of both species. Bonito landings occurred mainly
in autumn and extended to December in some years when
bluefish landings were relatively low. Sabatés and Martin
(1993) stated that bluefish had the potential to expand its
range in the Mediterranean; therefore, there have been unu-
sual occurrences and increasing abundance in different areas
(the Ligurian and the Adriatic Sea) in the Mediterranean
basin (Dulci¢ et al. 2005; Azzurro et al. 2019). Similarly, the
sudden appearance of bonito in Nordic waters was assumed
to be linked to a combination of favorable water tempera-
tures and available prey species (Ngttestad et al. 2013).
The shift in Ly, to almost one-month delay from 2000
to 2022 was hypothesized to be related to the variations in
migration and the amount of bonito and bluefish. Schickele
et al. (2021) highlighted that a potential mismatch between
current fisheries areas and changes in the species climatic
range of temperate-cold water species such as anchovy and
sardine (bio-indicator species of climate-driven changes;
Peck et al. 2013) could occur by the end of the century, imply-
ing a great loss of fisheries catch potential. Therefore, regard-
ing future climate projections (Schickele et al. 2021) and the
increasing SST trend in the SoM, adaptive management strat-
egies must be considered. Our results may be an indication
of a shift in spawning and migration cycles in these species
through a subsequent decrease in recruitment success that
will inevitably lead to shifts in species composition (Nunn
et al. 2010; Moyano et al. 2023). Adjustment of the fishing
season is inevitable in the management of pelagic fisheries
when there are shifts in the life-history traits of stocks. Since
there is no temporal fishing ban in the central Mediterranean,
a very recent paper by Russo et al. (2022) highlighted that
lockdown period reduced overall fishing hours during 2020
and had an immediate positive impact on fish biomass. They
also suggest that temporal cessations of fishing activities
should be implemented by limiting fishing effort and catches
to benefit the fishery resources. Therefore, while underlining
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the importance of existing temporal closure regulation in the
SoM, we also recommend a 45-day delay in the opening time
of the fishing season, thus extending the duration of annual
temporal closure for industrial fisheries by 45 days (180 days
in total). Under recent climate change conditions, shifting
the onset of the fishing season to mid-October instead of
September in the SoM will help reduce conflicts between
management priorities and ecological objectives. Climate
change, specifically regional sea warming, has extremely
likely impact on changes in the reproductive period (Fennie
et al. 2023), traits (Canales et al. 2018), and spatial extent
of species distribution (Pennino et al. 2020; Schickele et al.
2021). The duration of the temporal closure is not only cru-
cial for conservation purposes of the fish population (Yildiz
et al. 2020), but also to ensure the benefits of fisheries.

The activity of the purse seine fishery changed seasonally
depending on the available fish species and their quantity.
Because the fleet had an opportunistic nature and there was
no restriction on the species and the volume of catch to be
fished, they took advantage of the entire fishing season. The
fishing effort had its peaks at the start of each fishing season,
and the positive correlations between anchovy, small, and
large bluefish landings could be an indirect consequence of
the intensive fishing effort that yielded significant amounts
of these fishes at the start of each fishing season. However,
the reduced fishing period for anchovy also indicated that
purse seiners preferred catching anchovy over other species
at the beginning of each fishing season. As species distribu-
tions change in response to warming in sea waters (Azzurro
et al. 2019), purse seiners may have more ability to adapt
by following them. The fishing effort can be affected by the
availability of target species (Maynou 2020), fishing strat-
egy and tactics, legislation, market demands, and fuel prices
(Tzanatos et al. 2013; 2014).

Anchovy is a critical food resource for the predatory spe-
cies and transferring the energy from lower to higher trophic
levels (Fennie et al. 2023), fluctuations in its populations
construct ecosystem structure and functioning (Cury et al.
2000) while changes in environmental conditions might lead
to the reconstruction of the interspecies relations. The lin-
ear model results showed a significant negative relationship
between anchovy and bonito LPUE (as proxy of relative
biomass) indicating prey-predator dynamics. If anchovy’s
relative biomass was low, the bonito’s relative biomass was
expected to be higher in two fishing seasons later. In other
words, as per the anchovy model, the high relative biomass
of bonito in the preceding fishing season can indicate a low
relative biomass of anchovy in the succeeding fishing sea-
son. SST also played important roles in the landing dynam-
ics of anchovy and bluefish, while NPP played a significant
role in the landing dynamics of anchovy and bonito. The
predatory species like bonito and bluefish exert a top-down
trophic control on the food web, and resource competition

with similar trophic level fish species on the variability of
their LPUE. Daskalov et al. (2020) emphasized that bonito
and bluefish are the main competitors for prey sources of
small pelagic fish, as bluefish is the main predator of Medi-
terranean horse mackerel, whereas bonito prefers anchovy.
This web of interactions indicated the presence of a possi-
ble cultivation effect between the two predatory fish species
where the predation of bluefish on horse mackerel decreases
the predation mortality on anchovy by horse mackerel, and
hence, cultivated the bonito population and landings.

Impacts of the COVID-19 pandemic and mucilage
outbreaks in the SoM

During the study period, three important events occurred
which affected the whole SoM ecosystem and its compo-
nents (Demirel et al. 2023). The SoM was challenged with
two mucilage episodes in less than two decades. It was first
observed throughout the basin between October 2007 and
February 2008 (Yilmaz 2015). The second mucilage event
was observed especially between March and August 2021.
Furthermore, the year 2020 was the period of the COVID-19
global pandemic and lockdowns, and in Tiirkiye, country-
wide lockdown occurred between April and June 2020. The
time series of fisheries data included those three environ-
mentally unusual years; i.e., 2007, 2020, and 2021. However,
the closures and mucilage events, except that in 2007, took
place towards the end of the industrial fishing season; the
inter-annual comparison on the landings and fishing efforts
showed no significant difference for those years. Although
it is beyond the scope of this study, the impacts of muci-
lage events on ecosystem health, bio-ecology of pelagic fish
species, and other pelagic system components, as well as
socioeconomic processes namely small-scale fisheries are
reported (Demirel et al. 2023) and they should soon be con-
sidered for better management decisions.

Conclusion

In this study, the intra- and inter-annual landing dynamics of
pelagic fisheries in the SoM were examined from 2000 to 2022.
High seasonality and annual variation were found in landing
dynamics of small and medium pelagic fish. During the study
period, the fishing season of anchovy, sardine, and horse mack-
erel has reduced and shifted by an average of one month. This
seasonal shift illustrates both the concentration of fishing pres-
sure on small pelagic fish and the impact of climate change on
their life cycles. As a nearly enclosed basin, the renewal time of
the water mass in the SoM is relatively shorter than that in open
oceans; therefore, the SoM can respond quickly to the effects
of climate change which is evident in the SST trend. If cur-
rent fishing pressure continues on the anchovy stock, cascading
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trophic interactions in the food web can be soon expected,
because prey-predator (anchovy-bonito) and predator-predator
(bonito-bluefish) relationships are intertwined.

The current state of climate change in the SoM shows that
serious cooperation among different stakeholders is necessary
to build the ecosystem approach to fisheries management.
Adaptive management strategies should be immediately con-
sidered to prevent amplified impacts of environmental factors
and fishing from resulting in stock collapses (Jang et al. 2019).
Thus, a one-and-a-half-month delay in the opening time of the
industrial fishing season, thus shortening its duration, is strictly
recommended as immediate adaptive management measures
under regional sea warming conditions. The industrial fisheries,
namely purse seine fishing sector in the SoM, are facing chal-
lenges to this climatic change, and the results clearly show that,
in very near future, more radical decisions will be very likely
necessary to protect this already altered, vulnerable, marginal
sea’s ecosystem, and remained coupled pelagic fish species.
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Acknowledgements This study has been conducted using data pro-
vided by Istanbul Fish Market, E.U. Copernicus Marine Service Infor-
mation, and Global Fishing Watch.

Author contribution N.D.: supervision, conceptualization, writing—
original draft preparation; N.D., E.A., T.Y.: data curation, investigation,
formal analysis, visualization, writing—reviewing and editing.

Data availability The data that support the findings of this study are
available from the corresponding author, N.D., upon request.

References

Akaike H (1974) A new look at the statistical model identification.
IEEE Trans Automat 19(6):716-723. https://doi.org/10.1109/
TAC.1974.1100705

Alder J, Campbell B, Karpouzi V, Kaschner K, Pauly D (2008) Forage fish:
from ecosystems to markets. Annu Rev Environ Resour 33:153-166.
https://doi.org/10.1146/annurev.environ.33.020807.143204

Azzurro E, Sbragaglia V, Cerri J, Bariche M, Bolognini L et al (2019)
Climate change, biological invasions, and the shifting distribution
of Mediterranean fishes: a large-scale survey based on local eco-
logical knowledge. Glob Change Biol 25(8): 2779-2792. https://
doi.org/10.1111/gcb.14670

Belsley DA, Kuh E, Welsch RE (2005) Regression diagnostics: identi-
fying influential data and sources of collinearity. https://doi.org/
10.1002/0471725153

Bronaugh D, Werner A (2019) zyp: Zhang + Yue-Pilon Trends Package.
https://CRAN.R-project.org/package=zyp. Accessed 1 May 2023

Canales CM, Adasme NA, Cubillos LA, Cuevas MJ, Sanchez N (2018)
Long-time spatio-temporal variations in anchovy (Engraulis rin-
gens) biological traits off northern Chile: an adaptive response to
long-term environmental change? ICES J Mar Sci 75(6):1908—
1923. https://doi.org/10.1093/icesjms/fsy082

Coll M, Libralato S (2012) Contributions of food web modelling to
the ecosystem approach to marine resource management in the

@ Springer

Mediterranean Sea. Fish Fish 13(1):60-88. https://doi.org/10.
1111/4.1467-2979.2011.00420.x

Cury P, Bakun A, Crawford RJM, Jarre-Teichmann A, Quinones RA et al
(2000) Small pelagic fish in upwelling systems: patterns of interac-
tion and structural changes in “wasp-waist” ecosystems. ICES J Mar
Sci 57(3):603-18. https://doi.org/10.1006/jmsc.2000.0712

Cury P, Shannon L (2004) Regime shifts in upwelling ecosystems:
observed changes and possible mechanisms in the northern and
southern Benguela. Prog Oceanogr 60(2—4):223-243. https://
doi.org/10.1016/j.pocean.2004.02.007

Daskalov GM, Demirel N, Ulman A, Georgieva Y, Zengin M (2020)
Stock dynamics and predator—prey effects of Atlantic bonito
and bluefish as top predators in the Black Sea. ICES J Mar Sci
77(7-8):2995-3005. https://doi.org/10.1093/icesjms/fsaal 82

Demirel N, Akoglu E, Ulman A, Ertor-Akyazi P, Giil G et al (2023)
Uncovering ecological regime shifts in the Sea of Marmara
and reconsidering management strategies. Mar Environ Res
183:105794. https://doi.org/10.1016/j.marenvres.2022.105794

Dulci¢ J, Kraljevi¢ M, Pallaoro A, Glamuzina B (2005) Unusual
catch of bluefish Pomatomus saltatrix (Pomatomidae) in Tarska
Cove (Northern Adriatic). Cybium 29:207-208. https://doi.org/
10.26028/cybium/2005-292-017

FAO (2020) The State of World Fisheries and Aquaculture 2020.
Sustainability in action. Rome. https://doi.org/10.4060/ca9229%en

Fennie HW, Seary R, Muhling BA, Bograd SJ, Brodie S et al (2023)
An anchovy ecosystem indicator of marine predator foraging and
reproduction. Proc R Soc B 290(1992):20222326. https://doi.org/
10.1098/rspb.2022.2326

Froese R, Pauly D (eds) (2023) FishBase. World Wide Web electronic
publication. www.fishbase.org, version (06/2022). Accessed 1
Dec 2022

Garcia-Monteiro S, Sobrino JA, Julien Y, Soria G, Skokovic D (2022)
Surface temperature trends in the Mediterranean Sea from MODIS
data during years 2003-2019. Reg Stud Mar Sci 49:102086.
https://doi.org/10.1016/j.rsma.2021.102086

Giannoulaki M, Iglesias M, Tugores MP, Bonanno A, Patti B et al (2013)
Characterizing the potential habitat of European anchovy Engraulis
encrasicolus in the Mediterranean Sea, at different life stages. Fish
Oceanogr 22(2):69-89. https://doi.org/10.1111/fog.12005

Guiet J, Galbraith E, Kroodsma DA, Worm B (2019) Seasonal variabil-
ity in global industrial fishing effort. PLoS ONE 14(5):e0216819

Harrell FE Jr (2022) Hmisc: Harrell miscellaneous. https://CRAN.R-
project.org/package=Hmisc. Accessed 1 Dec 2023

Hebbali A (2020) olsrr: tools for building OLS regression models.
https://CRAN.R-project.org/package=olsrr. Accessed 1 May 2023

Hunter JR, Alheit J (1995) GLOBEC Report 8: report of the first plan-
ning meeting on small pelagic fishes and climate change program.
La Paz, Mexico, June 20-24, 1994, Box: 1, Folder: 11. Interna-
tional GLOBEC records and publications, MC-95. Woods Hole
Oceanographic Institution, Data Library and Archives. http://
archives.mblwhoilibrary.org:8081/repositories/2/archival_objec
ts/10371. Accessed 1 Dec 2022

Jang HG, Yamazaki S, Hoshino E (2019) Profit and equity trade-offs in
the management of small pelagic fisheries: the case of the Japanese
sardine fishery. Tasmanian School of Business and Economics Uni-
versity of Tasmania. Discussion Paper Series N 2019-03. https://
figshare.utas.edu.au/articles/report/Profit_and_equity_trade-offs_
in_the_management_of_small_pelagic_fisheries_the_case_of_the_
Japanese_sardine_fishery/23250374. Accessed 1 Dec 2022

Koyun S, Yildiz T, Ulman A (2022) The rich get stronger: the purse
seine fishery of the Turkish Straits System. Fishes 7(6):301.
https://doi.org/10.3390/fishes7060301

Kuhn M (2021) caret: classification and regression training. https://
CRAN.R-project.org/package=caret. Accessed 1 May 2023

Lima ARA, Baltazar-Soares M, Garrido S, Riveiro I, Carrera P
et al (2022) Forecasting shifts in habitat suitability across the


https://doi.org/10.1007/s10113-023-02139-7
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1146/annurev.environ.33.020807.143204
https://doi.org/10.1111/gcb.14670
https://doi.org/10.1111/gcb.14670
https://doi.org/10.1002/0471725153
https://doi.org/10.1002/0471725153
https://CRAN.R-project.org/package=zyp
https://doi.org/10.1093/icesjms/fsy082
https://doi.org/10.1111/j.1467-2979.2011.00420.x
https://doi.org/10.1111/j.1467-2979.2011.00420.x
https://doi.org/10.1006/jmsc.2000.0712
https://doi.org/10.1016/j.pocean.2004.02.007
https://doi.org/10.1016/j.pocean.2004.02.007
https://doi.org/10.1093/icesjms/fsaa182
https://doi.org/10.1016/j.marenvres.2022.105794
https://doi.org/10.26028/cybium/2005-292-017
https://doi.org/10.26028/cybium/2005-292-017
https://doi.org/10.4060/ca9229en
https://doi.org/10.1098/rspb.2022.2326
https://doi.org/10.1098/rspb.2022.2326
http://www.fishbase.org
https://doi.org/10.1016/j.rsma.2021.102086
https://doi.org/10.1111/fog.12005
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=olsrr
http://archives.mblwhoilibrary.org:8081/repositories/2/archival_objects/10371
http://archives.mblwhoilibrary.org:8081/repositories/2/archival_objects/10371
http://archives.mblwhoilibrary.org:8081/repositories/2/archival_objects/10371
https://figshare.utas.edu.au/articles/report/Profit_and_equity_trade-offs_in_the_management_of_small_pelagic_fisheries_the_case_of_the_Japanese_sardine_fishery/23250374
https://figshare.utas.edu.au/articles/report/Profit_and_equity_trade-offs_in_the_management_of_small_pelagic_fisheries_the_case_of_the_Japanese_sardine_fishery/23250374
https://figshare.utas.edu.au/articles/report/Profit_and_equity_trade-offs_in_the_management_of_small_pelagic_fisheries_the_case_of_the_Japanese_sardine_fishery/23250374
https://figshare.utas.edu.au/articles/report/Profit_and_equity_trade-offs_in_the_management_of_small_pelagic_fisheries_the_case_of_the_Japanese_sardine_fishery/23250374
https://doi.org/10.3390/fishes7060301
https://CRAN.R-project.org/package=caret
https://CRAN.R-project.org/package=caret

Regional Environmental Change (2023) 23:141

Page110of 11 141

distribution range of a temperate small pelagic fish under differ-
ent scenarios of climate change. Sci Total Environ 804:150167.
https://doi.org/10.1016/j.scitotenv.2021.150167

Maynou F (2020) Evolution of fishing capacity in a Mediterranean
fishery in the first two decades of the 21* c. Ocean Coast Manag
192:105190. https://doi.org/10.1016/j.ocecoaman.2020.105190

Midi H, Bagheri A (2010) Robust multicollinearity diagnostic meas-
ure in collinear data set. In: Proceedings of the 4th international
conference on applied mathematics, simulation, modeling. World
Scientific and Engineering Academy and Society (WSEAS), pp
138-142. https://dl.acm.org/doi/10.5555/1895214.1895237.
Accessed 1 May 2023

Moyano M, Illing B, Akimova A, Alter K, Bartolino V et al (2023)
Caught in the middle: bottom-up and top-down processes impact-
ing recruitment in a small pelagic fish. Rev Fish Biol Fish 33:55-
84. https://doi.org/10.1007/s11160-022-09739-2

Myers RA, Rosenberg AA, Mace PM, Barrowman N, Restrepo VR
(1994) In search of thresholds for recruitment overfishing. ICES
J Mar Sci 51(2):191-205. https://doi.org/10.1006/jmsc.1994.1020

Nottestad L, Tangen @, Tangen M, Bjelland O (2013) Atlantic bonito (Sarda
sarda) in Nordic waters: biology, distribution and feeding. Collect Vol
Sci Pap ICCAT 69(5):2145-2148. https://www.iccat.int/documents/
cvsp/cv069_2013/n_5/cv069052145.pdf. Accessed 1 Dec 2022

Nunn AD, Frear PA, Lee M, Cowx IG (2010) Is there evidence for
a shift in fish growth and recruitment success linked to climate
change? J Fish Biol 77:1780-1792. https://doi.org/10.1111/j.
1095-8649.2010.02751.x

Ouled-Cheikh J, Coll M, Cardona L, Steenbeek J, Ramirez F (2022)
Fisheries-enhanced pressure on Mediterranean regions and pelagic
species already impacted by climate change. Elementa Sci Anthrop
10(1):00028. https://doi.org/10.1525/elementa.2022.00028

Palomera I, Olivar MP, Salat J (2007) Small pelagic fish in the NW
Mediterranean Sea: an ecological review. Prog Oceanogr 74:377—
396. https://doi.org/10.1016/j.pocean.2007.04.012

Pauly D (1994) From growth to Malthusian overfishing: stages of fish-
eries resources misuse. Traditional Marine Resource Management
and Knowledge Information Bulletin 3:7-14. https://spccfpstor
el.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4
cbef71f4b3¢9e59¢540ddd. pdf?sv=2015-12-11&sr=b&sig=b%
2FpoY qomReHBEI6kralojMxFsh6DJ9K29K8WPBkIpp4%
3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%
2C%20max-age%3D864000%2C %20max-stale %3D86400&rsct=
application%2Fpdf&rscd=inline%3B %20filename%3D%22TRA
D3.pdf%22. Accessed 1 Dec 2022

Peck MA, Reglero P, Takahashi M, Catalan IA (2013) Life cycle eco-
physiology of small pelagic fish and climate-driven changes in
populations. Prog Oceanogr 116:220-245. https://doi.org/10.
1016/j.pocean.2013.05.012

Pennino MG, Coll M, Albo-Puigserver M, Fernandez-Corredor E,
Steenbeek J et al (2020) Current and future influence of environ-
mental factors on small pelagic fish distributions in the northwest-
ern Mediterranean Sea. Front Mar Sci 7:622. https://doi.org/10.
3389/fmars.2020.00622

Philippart IMC, Anadén R, Danovaro R, Dippner JW, Drinkwater KF
et al (2007) Impacts of climate change on the European Marine
and coastal environment. Marine Board Position Paper 9. Euro-
pean Science Foundation Marine Board, Strasbourg. https://www.
marineboard.eu/sites/marineboard.eu/files/public/publication/
Climate%20Change %20Impacts-9.pdf. Accessed 1 Dec 2022

Piroddi C, Coll M, Liquete C, Mcias D, Greer K et al (2017) Historical
changes of the Mediterranean Sea ecosystem: modelling the role
and impact of primary productivity and fisheries changes over
time. Sci Rep 7:44491. https://doi.org/10.1038/srep44491

R Core Team (2022) R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing. https://www.R-
project.org/. Accessed 1 Dec 2022

Russo T, Catucci E, Franceschini S, Labanchi L, Libralato S, Sabatella
EC, Sabatella RF, Parisi A, Fiorentino F (2022) Defend as you
can, react quickly: the effects of the COVID-19 shock on a large
fishery of the Mediterranean Sea. Front Mar Sci 9:824857. https://
doi.org/10.3389/fmars.2022.824857

Ryan JA, Ulrich JM (2020) xts: eXtensible Time Series. https://
CRAN.R-project.org/package=xts. Accessed 1 May 2023

Sabatés A, Martin P (1993) Spawning and distribution of bluefish
Pomatomus saltatrix (L.) in the northwestern Mediterranean. J
Fish Biol 43:109-118. https://doi.org/10.1111/j.1095-8649.1993.
tb00309.x

Saygu i, Akoglu E, Giil G, Bedikoglu D, Demirel N (2023) Fisher-
ies impact on the Sea of Marmara ecosystem structure and func-
tioning during the last three decades. Front Mar Sci 9:1076399.
https://doi.org/10.3389/fmars.2022.1076399

Schickele A, Goberville E, Leroy B, Beaugrand G, Hattab, T et al (2021)
European small pelagic fish distribution under global change sce-
narios. Fish Fish 22:212-225. https://doi.org/10.1111/faf. 12515

Shaltout M, Omstedt A (2014) Recent sea surface temperature trends
and future scenarios for the Mediterranean Sea. Oceanologia
56(3):413-443. https://doi.org/10.5697/0c.56-3.411

Spalding MD, Fox HE, Allen GR, Davidson N, Ferdaiia ZA et al (2007)
Marine ecoregions of the world: a bioregionalization of coastal
and shelf areas. Bioscience 57(7):573-583. https://doi.org/10.
1641/B570707

Stoffer D, Poison N (2022) astsa: applied statistical time series analysis.
https://CRAN.R-project.org/package=astsa. Accessed 1 May 2023

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

Tzanatos E, Raitsos DE, Triantafyllou G, Somarakis S, Tsonis
AA (2014) Indications of a climate effect on Mediterranean
fisheries. Clim Change 122:41-54. https://doi.org/10.1007/
$10584-013-0972-4

Tzanatos E, Castro J, Forcada A, Mati¢-Skoko S, Gaspar M et al (2013) A
Métier-Sustainability Index (MSI25) to evaluate fisheries components:
assessment of cases from data-poor fisheries from southern Europe.
ICES J Mar Sci 70(1):78-98. https://doi.org/10.1093/icesjms/fss161

Ulman A, Zengin M, Demirel N, Pauly D (2020) The lost fish of Tur-
key: a recent history of disappeared species and commercial fish-
ery extinctions for the Turkish Marmara and Black Seas. Front
Mar Sci 7:650. https://doi.org/10.3389/fmars.2020.00650

Van Beveren E, Fromentin J-M, Rouyer T, Bonhommeau S, Brosset P
et al (2016) The fisheries history of small pelagics in the Northern
Mediterranean. ICES J Mar Sci 73:1474-1484. https://doi.org/10.
1093/icesjms/fsw023

Wei T, Simko V (2021) R package “corrplot”: visualization of a cor-
relation matrix. https://github.com/taiyun/corrplot. Accessed 1
Dec 2023

Yildiz T, Ulman A, Demirel N (2020) A comparison of market landings
during fish spawning seasons to better understand the effectiveness
of the temporal fishery closure in Turkey. Ocean Coast Manag
198:105353. https://doi.org/10.1016/j.ocecoaman.2020.105353

Yilmaz IN (2015) Collapse of zooplankton stocks during Liriope tetra-
phylla (Hydromedusa) blooms and dense mucilaginous aggrega-
tions in a thermohaline stratified basin. Mar Ecol 36(3):595-610.
https://doi.org/10.1111/maec.12166

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1016/j.scitotenv.2021.150167
https://doi.org/10.1016/j.ocecoaman.2020.105190
https://dl.acm.org/doi/10.5555/1895214.1895237
https://doi.org/10.1007/s11160-022-09739-2
https://doi.org/10.1006/jmsc.1994.1020
https://www.iccat.int/documents/cvsp/cv069_2013/n_5/cv069052145.pdf
https://www.iccat.int/documents/cvsp/cv069_2013/n_5/cv069052145.pdf
https://doi.org/10.1111/j.1095-8649.2010.02751.x
https://doi.org/10.1111/j.1095-8649.2010.02751.x
https://doi.org/10.1525/elementa.2022.00028
https://doi.org/10.1016/j.pocean.2007.04.012
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/62/62a375ced4cbcf7ff4b3c9e59c540ddd.pdf?sv=2015-12-11&sr=b&sig=b%2FpoYqomReHBEl6kralojMxFsh6DJ9K29K8WPBkJpp4%3D&se=2024-04-08T08%3A42%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22TRAD3.pdf%22
https://doi.org/10.1016/j.pocean.2013.05.012
https://doi.org/10.1016/j.pocean.2013.05.012
https://doi.org/10.3389/fmars.2020.00622
https://doi.org/10.3389/fmars.2020.00622
https://www.marineboard.eu/sites/marineboard.eu/files/public/publication/Climate%20Change%20Impacts-9.pdf
https://www.marineboard.eu/sites/marineboard.eu/files/public/publication/Climate%20Change%20Impacts-9.pdf
https://www.marineboard.eu/sites/marineboard.eu/files/public/publication/Climate%20Change%20Impacts-9.pdf
https://doi.org/10.1038/srep44491
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.3389/fmars.2022.824857
https://doi.org/10.3389/fmars.2022.824857
https://CRAN.R-project.org/package=xts
https://CRAN.R-project.org/package=xts
https://doi.org/10.1111/j.1095-8649.1993.tb00309.x
https://doi.org/10.1111/j.1095-8649.1993.tb00309.x
https://doi.org/10.3389/fmars.2022.1076399
https://doi.org/10.1111/faf.12515
https://doi.org/10.5697/oc.56-3.411
https://doi.org/10.1641/B570707
https://doi.org/10.1641/B570707
https://CRAN.R-project.org/package=astsa
https://doi.org/10.1029/2000JD900719
https://doi.org/10.1029/2000JD900719
https://doi.org/10.1007/s10584-013-0972-4
https://doi.org/10.1007/s10584-013-0972-4
https://doi.org/10.1093/icesjms/fss161
https://doi.org/10.3389/fmars.2020.00650
https://doi.org/10.1093/icesjms/fsw023
https://doi.org/10.1093/icesjms/fsw023
https://github.com/taiyun/corrplot
https://doi.org/10.1016/j.ocecoaman.2020.105353
https://doi.org/10.1111/maec.12166

	Shifts in the pelagic fishery dynamics in response to regional sea warming and fishing in the Northeastern Mediterranean
	Abstract
	Introduction
	Materials and methods
	Data set
	Data analysis

	Results
	Inter- and intra-annual variations
	Shifts in the seasonality of pelagic fish landings
	Relationships among variables

	Discussion
	Impacts of the COVID-19 pandemic and mucilage outbreaks in the SoM

	Conclusion
	Anchor 14
	Acknowledgements 
	References


