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Abstract
One of the world’s largest and most severely deteriorated major marine ecosystems is the Black Sea. Anchovy, 

which has acted as the primary top predator species for the last 50 years following the depletion of large predatory fish 
stocks, underwent a significant stock decline around the end of the 1990s. Following the collapse, the eastern Black 
Sea in the south was the only area to continue having a sizable anchovy catch (400,000 tonnes), while the overall 
catch in the remainder of the sea was cut to almost one-third. As a result, the overfishing/recovery issue cannot be 
separated from recovery efforts aimed at the long-term, chronic degradation of the food web structure, and alternative 
fishery-related management methods must be adopted as part of an all-encompassing ecosystem-based management 
plan. The current study offers an ecosystem evaluation based on data, highlights the major environmental problems 
and dangers, and emphasises the crucial significance of a comprehensive strategy to address the connections between 
fisheries and ecosystems. Additionally, it emphasises the issue’s international scope.
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Introduction
At world scale, proof is unequivocal for multitude of changes 

on ocean biogeochemical cycles and ecosystems thanks to ocean 
warming, natural action, and de-oxygenation in response to the rising 
region carbon dioxide levels. Coastal, shelf, and semi-enclosed seas 
providing necessary economic resources expertise extra stressors 
arising from the regional natural environmental condition variations, 
eutrophication, eutrophication-induced changes (such as natural 
action, de-oxygenation, loss of multifariousness, degradation of organic 
phenomenon, etc.), overfishing, and alien species invasion. For these 
ecosystems, each carbon dioxide and non-CO2 connected stressors 
acting along have potential to change organic process structure, food-
web dynamics, energy and material flows, and biogeochemical cycles 
and so impact significantly the system services for humans, as within 
the case of Baltic Sea. The Black Sea offers one in all the simplest 
examples for the way the multiple stressors act along to change its 
system structure through regime shifts [1].

The most recent in-depth system assessment has been provided by 
the State of the surroundings Report revealed by the and also the fishery-
specific assessment by. The current study enhances them by providing 
a knowledge-driven holistic system assessment that synthesizes the 
offered data used for the BSC assessment, provides an outline image 
on the transformations of the Black Sea system since the center of the 
previous century, and describes the changes in work characteristics 
harmonious with the impacts of multiple environmental stressors [2]. 
The target is to produce a scientific basis associate degreed justification 
for an implementation of system level management strategy to boost 
not solely its work however additionally general health of the system as 
an alternate to the current approach of managing fish species severally.

Materials and Methods
It consists of in place measurements also as Advanced Very High 

Resolution Radiation (AVHRR) satellite product. The mean Cold 
Intermediate Layer (CIL) temperature information square measure 
given by. This information set yields supported the monthly mean 
information created from all the obtainable measurements performed 
inside the inside a part of the basin by averaging its values but 8°C. 
Within the SAUP information the state catches before 1990 comprised 
the contributions from Ukrainian, Georgian, and Russian catches 
[3]. A similar aggregation is additionally applied here when 1990 

for representing the accumulative landing for the northern and jap 
regions. Similarly, the Romanian and Bulgarian landings square 
measure aggregate for representing total workplace of the western 
region [4]. The Turkish fleet was able to operate in Georgian waters 
when 1995. Therefore, a number of the catch accomplished within the 
Georgian EEZ is enclosed within the Turkish landings statistics. All the 
opposite information sets square measure provided by the Black Sea 
Commission information base that was used for the preparation of the 
State of the setting Report and should be created obtainable to readers 
by the author au fait request [5]. Chlorophyll-a concentrations square 
measure retrieved from the monthly composite ocean color satellite 
data; the SeaWiFS device before 2002 (9 kilometer resolution) and 
therefore the MODIS device (4 kilometer resolution) after.

Individual Stressors Control the Ecosystem

Stressor 1: Variations in Climate: The physical characteristics of 
the higher layer water column on top of the bottom of the permanent 
pycnocline old distinct decadal-scale oscillations. Similar variations 
also are ascertained within the summer-autumn (May-November) 
mean underground CIL temperature field. They’re followed by 
Associate in Nursing equally pronounced warming section throughout 
1993-2014. They imply a transparent signal of environmental condition 
changes inside the higher one hundred m water column on top of the 
permanent pycnocline. The climate-induced temperature changes 
are associated with strengthening of the NAO; its positive section 
leading to colder, drier, and a lot of severe winters contrary to the 
concurrent wetter, warmer, and milder winters over the northwestern 
Europe and therefore the Eastern North Atlantic Ocean [6]. The next 
warming trend beginning by 1993 up to 2001 will increase the SST 
and CIL temperature back to their former levels before the 1980. The 
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necessary purpose to notice here is that such pronounced decadal 
scale temperature variations when 1980 match with the intensification 
of eutrophication and workplace and huge population increase of 
the alien species Mnemiopsis leidyi. The temperature changes might 
introduce sturdy impacts on the sea scheme through direct changes 
in species physiological characteristics and indirectly by the changes 
within the flow, stratification and mixture characteristics [7].

Stressor 2: Fisheries are overfished: The fish resources were 
exploited primarily by the previous Soviet Union (Georgia + Russia 
+ Ukraine) as their total landing declined from quite 200 ktons to but 
50 ktons inside a decade. The previous Soviet Union workplace initial 
exploited the big and middle-size valuable predatory species as well 
as marine mammals, sturgeon, tuna, bonito, turbot, massive horse 
mackerel, sea mackerel before 1950s and then began to exploit little 
pelagics with the Mean organic process Level (MTL) index around 3.1-
3.2. The workplace, therefore, has been exploited severely in terms of 
the landing capability, fish size, and variety [8]. As a result, the little 
pelagics became the sole high predator cluster with a comparatively low 
total landing size of a 150 ktons ktons over the complete basin toward 
the tip of 1960s.

The total landings accumulated short beginning by the first 
1970s to the vary of 200-300 ktons inside the previous Soviet Union 
countries and 500 ktons in Turkey. Afterwards, the previous Soviet 
Union landing remained around 10% level of their previous section 
throughout the 1990s and accumulated up to a 150 cons after, whereas 
the overall western landing was negligibly low [9]. On the opposite 
hand, the Turkish exclusive economic zone was ready to maintain 
the mean anchovy catch at 368,000 (±74,000) tons for 1992-2010. The 
SAUP knowledge base conjointly provides alternate catch knowledge 
by the inclusion of unreported catch estimates. This various knowledge 
set suggests one hundred pc distinction between the rumored and 
actual amounts of fish caught and therefore the overall catch then 
amounts to ~800,000 tons when 1995. The catch size throughout the 
last two decades is comparable to that given for the transformation 
amount of the 1970s between the pre- and intense-eutrophication 
phases. However they take issue in terms of spatial catch distributions 
[10].

Stressor 3: Nutrient Over richness: Substantial increase in nutrient 
concentrations of the higher layer water column throughout the ocean 
was a hanging feature of the Black Sea system within the Nineteen 
Seventies and also the early-1980s. Close to 80% of the overall evolution 
nitrogen flux was equipped by the watercourse Danube whereas the 
remainder was provided by the rivers discharging on the northwestern 
coast (Dniepr, Dniester and Bug) and on the southern coast [11]. 
However, because of the shortage of systematic nutrient measurements 
at the Danube discharge sections throughout the 1970s and also the 
early 198os, it absolutely was unattainable to observe exactly the 
magnitude of anthropogenic-based nutrient enrichment throughout its 
initial part. Consequently, the add of organic and inorganic dissolved 
N concentration at the top 1980s reached 500 μM that means a virtually 
five-fold increase with regard to the pre-eutrophication conditions 
[12]. Benthonic nutrient fluxes were found to be significantly high 
within the section of discharge zones, however remittent virtually 
by ass ociate order of magnitude toward the shelf edge betting on 
intensity of primary production, vertical mix, and water depth. The 
estimate of total ammonia flux of 250 ktons yr-1 seems to be more than 
the post-eutrophication worth of the watercourse Danube DIN flux. 
The sediment knowledge, therefore, imply that the benthonic system 
still keeps the memory of past eutrophication and also the benthonic 

nutrient utilisation mechanism constitutes a vital issue for sustaining 
high productivity particularly in shallower elements of the NWS.

Stressor 4: Alien Gelatinous Species Invasion: As the 
environmental deterioration progressed within the Black Sea, 
expedient, and thick species started dominating the organic 
phenomenon (Kovalev and Piontkovski, 1998). The rise in Aurelia 
biomass might need been related to the overfishing and removal of 
mackarel, that was a main predator of Aurelia in Black Sea. Beginning 
by 1999, Mnemiopsis biomass was reduced significantly except the late 
summer-autumn at its peak replica part [13]. All the same, M. leidyi 
may be still discovered at high concentrations within the northwestern 
and western coastal regions with regard to its lower abundance 
elsewhere. As a result, the predation pressure of Mnemiopsis on animate 
being became restricted to the late-summer and season months [14]. 
The opposite thick species genus Pleurobrachia has ne’er compete a 
predominant role on the organic phenomenon structure. As a matter 
of truth, the current reduced jelly biomass/abundance remains more 
than the corresponding values within the Mediterranean and Baltic 
Seas. Among the sixty three LMEs, the Black Sea attains the very best 
Jellyfish Index worth that is doubly more than the values of alternative 
European Seas [15].

Multiple stressors’ cumulative effects on the ecosystem and 
fishery

The sea system old three various states. The “pre-eutrophication” 
state before the first 1970s drawn comparatively gentle winters, low 
anthropogenetic masses from rivers, a modest level of plant life biomass, 
weakening of their top-down pressure thanks to the loss of piscivours, 
and over-exploitation of its piscary resources [16]. The transition 
toward the event of a lot of productive “intense eutrophication” state 
throughout the 1970s (the initial regime shift) was accomplished by 
the loss of predator controls and over-enrichment of the higher layer 
water column thanks to eutrophication and climate-induced cooling. 
The amount when the first 1990s constitutes the “post-eutrophication” 
state [17].

State of Extreme Eutrophication: Three-four fold increase of the 
chemocline layer nitrate concentrations over the whole sea throughout 
the decadal climatically cooling part (i.e., a lot of severe winter 
climatical conditions) exaggerated plant life biomass up to 10-folds 
at intervals the northwestern shelf and therefore the interior basin 
throughout the 1980s. Cold winters imply bigger vertical turbulent and 
temperature change fluxes of nutrients into the euphotic zone from 
the subterranean waters that then might support stronger spring and 
subsequent summer blooms. The deep interior basin was conjointly 
exposed to an identical increase in plant life biomass [18]. One in all the 
crucial options of the eutrophic sea throughout the 1980s has been the 
event of a complementary organic phenomenon toward the inactive 
expedient species (e.g., Noctiluca scintillans) and jellyfish additionally 
to the classical pathway toward tiny pelagics. As a result of they were 
a lot of competitive on grazing of beast, they were able to divert a lot 
of energy from the system and so limiting the potency of the classical 
food cycle [19]. 

The sea system created higher edible beast biomass throughout 
the eutrophic part of 1980s with regard to the pre-eutrophication part. 
But, it’s biomass within the northwestern shelf declined steady later 
within the 1980s with thanks to heavier predation by tiny pelagics 
and thick carnivores and replacement by smaller and fewer valuable 
species thanks to degradation of the food cycle structure [20]. The 
system state old the second regime shift a decade later. It absolutely was 
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characterized by the collapse of tiny water fish stocks thanks to their 
over-harvesting and coincidental impact of population outburst of the 
thick carnivorous M. leidyi at the top of 1980s. On the far side it’s a 
selected limit, the nutrient flux starts supporting a lot of favourably the 
expansion of thick populations rather than its contender fish species 
[21]. Physiologically, a growth and replica advantage of Mnemiopsis 
relative to the native thick species Aurelia, and advantage of food 
consumption in regard to anchovy promote its growth too while 
not saturation [22]. Therefore, their stronger predation pressure on 
anchovy eggs and larvae caused reduction in anchovy enlisting biomass 
and weakening its competition against Mnemiopsis. This mechanism 
opposes to the choice read that, supported subjective grounds from the 
catch information, links the fishery collapse only to their development. 
It conjointly opposes to a different hypothesis that relates the catch 
decline to not the collapse of stocks however their translation, for a few 
unknown reasons, removed from their regular fishing grounds [23].

The State of Fisheries Currently: At present, the sea is void of 
predatory fish species, and roughly 85% of the entire fish catch contains 
the low value anchovy and it’s restricted largely to the southeastern 
region. It represents globally one amongst the worst case things in 
terms of inappropriate management policy inflicting such a forceful 
collapse. The fleet overcapacity, largely the Turkish one, causes to 
catch additional fish than its property level and on top of the quotas 
through outlaw or unreported catches [24]. The quotas are and square 
measure still implemented below political and social pressures to 
support short fishing prospects rather than the long property, as several 
subsidies within the fisheries sector foster overcapacity and overuse 
of fish stocks. Therefore, within the sea, the fight for recovery is way 
tougher and wishes going beside rehabilitation measures of the system 
structure. It thus differs considerably from the overfishing downside 
of an ecologically undegraded (or abundant less degraded) system 
that the most target of maintaining property workplace is achieved by 
additional easy management actions [25].

Conclusion
The current sea atmosphere, that has been disturbed and 

deteriorated since the 1970s, is slowly ill. Though the fisheries folded by 
the top of the 1980s, there square measure currently no signs of revival. 
Currently, most commercially vital fish stocks are severely reduced as 
results of decades of unsustainable fishing practices brought on by a 
far more than fishing capability and unhealthy fishing ways. Anchovy 
is that the sole fish caught within the sea at the instant and even this 
unprofitable, low-paying workplace is simply found within the region’s 
southeast. There are not several fish within the alternative elements of 
the ocean.

The failure to recover may additionally be connected to the results 
of outdoor forces on however the organic phenomenon functions, 
additionally to the ineffective management ways. These stresses have 
detrimental impacts on the healing method and should strengthen 
the system’s ability to alter to a brand new stable (healthy) state. 
Therefore, addressing the overfishing issue needs a comprehensive 
strategy that takes into consideration interactions between higher 
and lowers biological process levels in addition as biogeochemical 
processes. The overfishing downside goes on the far side quota setting 
and fleet capability reduction. it’s obvious that the primary step is to 
limit the fleet’s carrying capability to level that maintains a balance 
between the quantity of fishing effort and resources on the market, 
set catch limits for fish populations in accordance with scientific 
recommendations and outlaw fishing in specific stocks or areas. This 

strategy entails distinguishing and addressing interactions among 
neutral teams, ecological and social systems, and varied abstraction and 
temporal scales. So as to fulfill necessary analysis necessities, develop 
multidisciplinary scientific ability, and combine and communicate 
scientific findings to policy manufacturers, managers, and alternative 
stakeholders, it conjointly needs effective coordination between 
science, policy, and practise. Operational tools should be created put 
together by scientists and managers so as to implement ecosystem-
based management ways. The community within the sea might benefit 
from the expertise and information gained within the Baltic Sea thanks 
to their close to similarities that makes scientific counsel crucial for all 
of those initiatives.
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