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Chapter 8

Black Sea
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*Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences (IBER-BAS), Sofia, Bulgaria, "The A.O. Kovalevsky Institute of
Marine Biological Researches (IMBR), Sevastopol, Russia, *Constanta Maritime University, Constanta, Romania, SInstitute of Marine Sciences,
Middle East Technical University, Erdemli, Turkey, "Institute of Organic Chemistry with Center of Phytochemistry, Bulgarian Academy of Sciences
(I0CCP-BAS), Sofia, Bulgaria

8.1 GEOGRAPHY, TOPOGRAPHY, AND GEOLOGICAL DESCRIPTION

The Black Sea, is situated in south-eastern Europe, partly bordering Asia. Its south coast is the Pontic Mountains with
the Caucasus Mountains to the northeast, while the topography of the north-western (NW) coast (except for Crimea) is
relatively low and flat. Its coastline is about 4400km long. The Black Sea is classified geomorphologically into a shelf,
the continental slope and a deep-sea depression (Fig. 8.1). The shelf edge slope is steep and the shelf is basically narrow
except for the NW.

Its connection to the World Ocean is through the Aegean and Mediterranean Sea, where 300 km® year™' of mesohaline
water passes out through the Bosphorus Strait (Ludwig, Dumont, Meybeck, & Heussner, 2009). As part of a two-way hy-
drological exchange, the Black Sea’s cooler and less saline outflow floats over the warm, more saline Mediterranean inflow.
Part of this passage include the Sea of Azov and the Strait of Kerch.

Although total basin precipitation is less than evaporation (Jaoshvili, 2002), the water supply from several big rivers,
such as Danube, Dnieper, Rioni, etc. with a total river catchment area of about 2.4 X 10° kmz, give a positive freshwater bal-
ance, resulting in a low salinity in the upper layer of between 18 psu in the open sea to 16 psu close to the shore. The river
input in the NW causes a drop of salinity of up to 5 psu close to river mouth regions. The amount of freshwater and nutrient
input into the southern parts of the Black Sea is relatively small.

Beach sediment texture is variable, and coarse and medium sediments form about 35% of the beaches (Fig. 8.2)
(Allenbach et al., 2015), providing sedimentation rates in the NW part of 2.3 mmyear_l (Gulin, Aarkrog, Polikarpov,
Nielsen, & Egorov, 1997).

Terrigenous fine sand supplied by the big rivers forms the main new accumulations of sediments, actively transported by
wave-induced longshore currents. Deep sediment depositions contain three layers, with the uppermost containing organic
carbonates and pyrite, followed by one of low-carbonate high organic content and a bottom layer with very low organic
content (Yucel, Moore, Butler, Boyce, & Luther III, 2012).

The Black Sea margin is well studied, but as it is sediment-starved, its subsidence record is difficult to reconstruct
(Shillington et al., 2008). The region has experienced several episodes of extension and shortening since the Permian
(Robertson et al., 2014) and can be subdivided into eastern and western basins according to its basement structures. For
extended periods during the Quaternary, it formed a lacustrine environment. The Holocene flooding over the shallow sill
of the Bosphorus Strait (Esin, Yanko-Hombach, & Kukleva, 2010), was followed by a more gradual marine transgression.
The modern sedimentary environments of the basin comprise continental shelves, canyon-scarred continental slopes and
deep-sea fans (Allenbach et al., 2015).

1. Except the corresponding author (NT), all other co-authors are listed alphabetically and have equivalent contributions.
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FIG. 8.2 Characteristics of the Black Sea beach sediment texture (according to Allenbach et al., 2015).

8.2 PHYSICAL OCEANOGRAPHY AND CLIMATE

8.2.1 Circulation Characteristics

The horizontal flow is strongly influenced by the cyclonic Rim Current, a permanent feature of the upper layer circulation
(Kubryakov & Stanichny, 2015). This current is meandering and encircles the entire basin, forming a large cyclonic gyre and
two cyclonic cells in the central basin (see Fig. 8.1). The general circulation is driven by buoyancy difference caused by the
large freshwater input on the NW shelf, and by water from the Bosphorus Strait (Ivanov & Belokopytov, 2013), in addition to
the wind stress curl, and it follows the steep continental slope. Current speed varies with the amount of discharge from rivers
and variations in the wind. Current speeds of 50-150cms ™" have been measured in the upper layer of the Rim Current (Oguz &
Besiktepe, 1999) and its meanders typically have a timescale of 50—-150days (Korotaev, Oguz, Nikiforov, & Koblinsky, 2003).

The Rim Current is most intense in winter—spring. Strong mesoscale variability is observed causing the formation of a
number of quasi-permanent anticyclonic eddies on the coastal side of this current. The dynamic events of meandering, eddy
formation, and detachment take place on weekly timescales and may lead to considerable exchange between coastal regions
and offshore areas (Oguz, Deshpande, & Malanotte-Rizzoli, 2002).

Intermediate and deep layers have strong currents and a well-organized flow structure (Korotaev, Oguz, & Riser, 2006).
A well-defined cyclonic circulation extends from the surface to the bottom, without reversal in its direction. Deep currents
are steered by the steep topographic slope, and are well correlated with surface currents.

8.2.2 Main Physical Features and Freshwater Discharges

The Black Sea exhibits strong and permanent vertical stratification, with well-mixed low-salinity surface waters of river
origin and precipitation, overlying high-salinity deep waters of Mediterranean origin (Ozsoy & Unluata, 1997). An impor-
tant thermal feature is the cold intermediate layer (CIL), a structure conventionally identified by temperatures <8°C and a
vertical extent that is limited to the upper 100 m layer, corresponding typically to ~15.4kg m™ isopycnal. The CIL forms
as a result of intense cooling of surface waters during winter and it prevails in the form of a distinct subsurface water mass
during the rest of the year when the surface-mixed layer is stratified by warming, and/or increased river runoff (Akpinar,
Fach, & Oguz, 2017). Decoupling of vertical mixing leads to a deep-water salinity increase to 22.3 psu and temperatures
rise to around 8.9°C (Fig. 8.3) (Ostrovskii & Zatsepin, 2016). The main source of oxygen for deeper waters is the perma-
nent CIL at depths of 50-130m.

The hydrochemical environment also shifts from oxygenated to anoxic, as bacterial decomposition of sunken biomass
utilizes all of the free oxygen. Weak geothermal heating and a long residence time create a very thick convective bottom
layer (Korotaev et al., 2003).

The biologically productive, oxic layer extends to nearly 50m, after which there is undetectable dissolved oxygen
(<5mmol Oy/m®) (Gregg & Yakushev, 2005). This deoxygenation process is different to that in the deep sea and is induced
by intrinsic hydrodynamic reasons, and on human-induced NW shelf hypoxic events. Model-based simulations and ob-
servations show distinct evidence of both phenomena (Vandenbulcke, Capet, & Grégoire, 2017). Seasonal hypoxic events
occur annually in the northern part of the shelf, and the oxygen-rich top layer of the Black Sea shallowed from 140 to 90m
deep between 1955 and 2015 (Capet, Stanev, Beckers, Murray, & Grégoire, 2016).

The buoyancy flux affects Black Sea circulation dynamics (Korotaev et al., 2006). Net buoyancy flux, that is, buoyancy
due to net heat flux and freshwater flux at the sea surface (thermal/haline buoyancy flux), shows a gain (i.e., the upper
ocean stabilizes from March through September, and shows a loss (i.e., destabilizes) in other months. River runoff, in
particular the Danube, has a large influence on the dynamics of the continental shelf by changing the heat and freshwater
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FIG. 8.3 Time-potential density diagram of sea temperatures in Gelendzhik Bay, Rim Current area, derived in December 2014 (according to
Ostrovskii & Zatsepin, 2016).

fluxes, especially in the NW shelf. The Danube monthly mean discharge ranges from 4000 to 9000 m’s™" on climatologi-
cal timescales (Vorosmarty et al., 1997), which contributes to the dilution of surface waters (Stanev, Bowman, Peneva, &
Staneva, 2003).

Interruptions in the permanent pycnocline current velocity and related increases of vertical turbulent mixing may occur
sporadically throughout the entire year in the core area of the Rim Current, being more frequent in the autumn or winter.
The deep ventilation mechanism in the aerobic zone may be important for maintaining the thickness of the aerobic layer and
for keeping the upper boundary of the H,S zone within the permanent pycnocline area (Ostrovskii & Zatsepin, 2016). In the
Black Sea, the most important phenomena sustaining the ecosystem is the retention of the H,S boundary in the permanent
pycnocline layer.

8.2.3 Atmospheric Circulation

The Black Sea is influenced by North Atlantic climate through cross-Europe atmospheric connections. High- and low-
pressure centers over the Caspian and North Seas, alongside the North Atlantic Oscillation, provide coherent synchronous
fluctuations with Black Sea hydrometeorological properties (Oguz, Dippner, & Kaymaz, 2006).

In summer, clear and dry weather is mainly due to the extension of the Azores anticyclone ridge across Europe and
Mediterranean to the Black Sea. In winter, a vast anticyclone over Siberia has a ridge extending to NW coasts of the Black
Sea, where pressure is generally lower. If a separate high-pressure center develops over the Baltic and Scandinavia, very
cold Arctic air is brought to the Black Sea. It was found, however, that extreme daily minimum temperatures have increased
in south-east Romania during recent decades (Croitoru & Piticar, 2013). Snow storms and regional strong winds in the NW
Black Sea are due to the coupling between this cold advection and the warmer air brought by mobile depressions coming
mostly from the Mediterranean Sea (Georgescu, Tascu, Caian, & Banciu, 2009).

8.3 MAJOR COASTAL AND SHALLOW HABITATS

The Black Sea is a basic European watershed, with higher productivity than the neighboring Mediterranean (Oral, 2013),
with dynamic wetland ecosystems in coastal areas and in the mouths of rivers. According to the Habitat Directive (92/43/
EEC) and the Interpretation Manual of European Union Habitats—EUR2S, 2013 (Milchakova, Aleksandrov, Bondareva,
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FIG. 8.4 Left: Coast near Zostera sp. field after a storm, photo by Miroslav Rangelov IOCCP-BAS. Right: Zostera_fields, photo by Sonya Tsoneva &

Valeri Georgiev IBER-BAS, Roman Tashev INB-BAS.

Pankeeva, & Chernysheva, 2015; Zaharia, Micu, Todorva, Maximov, & Nita, 2008), coastal and halophytic habitat classes
of prior importance are as follows:

1110-1 Zostera meadows on clear or slightly muddy fine sands, with very high conservation value. These are highly
productive zones and provide a number of ecosystem services, such as provision of habitat and enhanced biodiversity.
As an important bioindicator of system health, they stabilize sediments and are natural hotspots for carbon sequestra-
tion. The seagrass beds are being reduced as a result of human activities such as turbidity increase, eutrophication,
dredging and fishing, direct clearance due to coastal or harbor constructions, and negative effects of climate change
(Duarte, 2002) (Fig. 8.4).

1110—4 Well-sorted sands. These are inhabited by indicator species as Tellina tenuis, Diogenes pugilator, Donax trun-
culus, Chamelea gallina, etc., with very high conservation value.

1130 Estuaries. The Danube’s mouths, with its former estuary filled with sediments, form a Delta, that, with the Black
Sea water, form a characteristic mixing zone shaping specific biocenoses, down to 20 m depth.

1140-3 Midlittoral sands. These are of particular importance as feeding grounds of water birds, and contain diverse
invertebrate and algal communities.

1150 Coastal lagoons. These support both marine and brackish species, with characteristic fish species and rich and
diverse vegetation.

1170—4 Boulders and blocks. Occurring in the midlittoral and infralittoral of rocky shores, this habitat has high struc-
tural complexity, forming mosaics of microhabitats, allowing species of deeper areas to inhabit nearshore zones.
1170-8 Infralittoral rock with Cystoseira sp., Phylliphora sp., etc. This habitat is the richest in species and has highest
diversity in the Black Sea. Its dynamics are influenced by their seasonally diverse vegetation. Phyllophora fields are
nursery areas for many species of aquatic organisms.

1170-9 Infralittoral rock with Mytilus galloprovincialis. Overlapping with 1170-8, but continuing to deeper waters,
this habitat contains highly diverse fauna of endangered invertebrates and fishes, and has a crucial ecological role in
benthic-pelagic coupling.

The countries of the Black Sea have attempted to synchronize their legislation (Milchakova & Phillips, 2003) of
Protected Areas based on the EU NATURA 2000 list, the European Red List of Habitats (http://ec.europa.eu/environment/
nature/knowledge/redlist_en.htm), EUNIS (http://eunis.eea.europa.eu/) classification, and other interacting directives.
These instruments review the current status of all natural and seminatural marine habitats, highlight the pressures they face,
and provide guidelines for environmental protection and restoration within the EU2020 Biodiversity Strategy.

8.4 OFFSHORE SYSTEMS

Coastal biogeochemical processes are connected dynamically to the deep sea (Zatsepin et al., 2003). Productivity of the
shelf system appears to be primarily phosphorus-limited, whereas the open sea system would appear to be nitrogen-limited
and much more dependent on mixing processes for nutrient supply (Garnier et al., 2002).


http://ec.europa.eu/environment/nature/knowledge/redlist_en.htm
http://ec.europa.eu/environment/nature/knowledge/redlist_en.htm
http://eunis.eea.europa.eu
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The physiochemical conditions dictate seasonal dynamics that support food webs that are well adapted to the brack-
ish, nutrient-rich conditions (Oguz et al., 2002). Predation at upper- and mid-trophic levels drives system-wide trophic
cascades (Daskalov, 2002). The annual cycle of phytoplankton in the Black Sea has been well studied, but only limited
studies have focused on deep waters. The main groups of phytoplankton are dinoflagellates, diatoms, coccolithophores, and
cyanobacteria near river estuaries (Agirbas, Koca, & Aytan, 2017). Generally, there is a usually high phytoplankton biomass
in winter, represented mainly by diatom and dinoflagellate-dominated species, with maxima in open waters in January to
March (Berseneva, Churilova, & Georgieva, 2004), often containing the same species as during the spring and this is rec-
ognized as the winter—spring bloom (Mikaelyan, Chasovnikov, Kubryakov, & Stanichny, 2017). This is often followed by
a weaker mixed assemblage below the seasonal thermocline during summer months, forming marked vertical stratification
and a warm, shallow mixed layer (Oguz & Merico, 2006), and a surface-intensified autumn production. The benthic zone
also plays an important role in Black Sea nutrient cycling, as chemosynthetic organisms and anoxic geochemical pathways
recycle nutrients that can be upwelled to the photic zone, enhancing productivity (Friedrich et al., 2002).

In recent decades, the spring bloom has become smaller than the autumn proliferation of algae and often is not observed
at all. This is atypical for temperate seas, where the prominent spring phytoplankton increases occur. A new Pulsing-Bloom
hypothesis was proposed by Mikaelyan et al. (2017), for the highly stratified waters of the Black Sea. It relates the biologi-
cal response to physical forcing and chemical fluxes and predicts the pulsing episodes of phytoplankton in the upper layer
in winter—spring during cold and regular years. This is supported by chlorophyll dynamics, and the pattern of depleted
inorganic nitrogen during the winter—spring period, when the phosphate concentration remains relatively high.

The Pulsing-Bloom hypothesis predicts that in the absence of cold winters, spring blooms will disappear, with unpre-
dictable consequences for higher trophic levels. Decoupling the periods of food abundance and reproduction of zooplank-
ton and pelagic fish can lead to decreases in their populations (Arashkevich et al., 2014). These changes induced by climate
shifts should receive more attention (Mikaelyan et al., 2017).

The Black Sea’s pelagic ecosystem has experienced substantial changes since the 1960s. Nutrient enrichment was fol-
lowed by food web changes, such as additional phytoplankton summer blooms (Dorofeyev et al., 2012) and large increases
of gelatinous and opportunistic species. This lasted till the early 1990s, and resulted in regime shifts in zoo- and phyto-
plankton populations (Daskalov, Grishin, Rodionov, & Mihneva, 2007).

Since then, less eutrophication and a decline of the invasive ctenophore Mnemiopsis leidyi (Shiganova, 1998) has oc-
curred. This has been followed by oscillations of blooms of the comb jelly and the collapse and recovery of the anchovy
fishery (Miladinova, Stips, Garcia-Gorriz, & Macias Moy, 2016). Changes in the planktonic food web are also reported
for ciliate protists, which are especially sensitive to the changes in the Black Sea food chain (Gavrilova & Dolan, 2007).

Although some potential for partial recovery have been observed in the Black Sea, whether the Black Sea will continue
its current way to recovery or will return to its highly eutrophic state will depend, to a large degree, on socioeconomic
choices (Langmead et al., 2009). Even in the most optimistic scenario, the Black Sea will never revert to the pre-1960s state
after the introduction of Mnemiopsis (Llope et al., 2010).

8.5 CLIMATE CHANGE IMPACTS
8.5.1 Shrinking of the Habitable Area

Capet et al. (2016) discovered that the oxygen-rich top layer of the Black Sea decreased in its vertical extent from 140 to
90 m deep, which amounts to a >40% decrease in habitable waters.

The report stated two causes: an abundance of nutrients leading to algal blooms and increased oxygen consumption,
and global warming. Warmer winters lower the volume of dense water, and this lowers the oxygen content as well. Further
atmospheric warming will directly affect the vertical stability of the Black Sea oxygenated layer, thus causing ecological
and economic damage in the region.

8.5.2 Air Temperature Rise and Precipitations

The Black Sea experiences alternating warm and cold regional climatic periods with a mean duration of about 1012 years
(Oguz et al., 2006). The last cold period was replaced by a warm period in the mid-1990s, but the expected return to a cold
period in the 2000s did not occur (Agirbas, Feyzioglu, Aytan, Valente, & Yildiz, 2015), with winters of 2014 and 2015 be-
ing two of the warmest in last 30 years.

Future projections for air temperatures and precipitation (IPCC AR4, 2007) show that the most significant projected
changes by 2080 relate to the increase in air temperature (warmer summers, more frequent/intense heat-wave periods) and
to a reduction in precipitation for the Black Sea region, with more intense rainstorms, drought, and heat-waves.


https://en.wikipedia.org/wiki/Brackish
https://en.wikipedia.org/wiki/Brackish
https://en.wikipedia.org/wiki/Dinoflagellates
https://en.wikipedia.org/wiki/Benthic
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8.5.3 Sea Surface Temperatures

Seasonal sea surface temperatures (SST) characteristics, based on AVHRR data from 1982 to 2012, show average summer tem-
peratures of 23.24°C for the Black Sea, with winter temperatures being 7.49°C (Shaltout & Omstedt, 2014). Sea ice is more
frequent in the NW but it can form along the west coast during the coldest winters. Ice disappears completely by the end of March.

As with air temperature, long-term anomaly data since 1885 shows a linear warming trend with an overall temperature
rise of 0.9°C (Oguz & Merico, 2006).

During recent decades, the upper water column layer has shown distinct physical changes. There is a clear warming
trend (von Schuckmann et al., 2017), as high as 0.08°Cyear™' between 1982 and 2012 and 1993-2015, and an average
increase of 1.9°C over the 23-year period. This increase was low between 1982 and 1994, and was followed by a pro-
nounced warming phase during 1993-2014. Similar variations were observed in the summer—autumn (May—November)
mean subsurface CIL temperature fields. This indicates climatic changes within the upper 100m water column above the
permanent pycnocline. Oguz et al. (2006) found that strengthening of the NAO coincided with the general warming trend
and its positive phase resulted in colder, drier winters in the Black Sea. Decadal scale temperature changes in the Black Sea
are much more pronounced with respect to the global warming signal (oceanic average increase since the 1980s is 0.5°C in
the upper 100 m). This has likely impacted the flow, stratification, and mixing characteristics of the Black Sea as well as its
ecosystem (Shaltout & Omstedt, 2014).

8.5.4 Sea Level Rise (SLR) and Erosion

Sea level change along the Black Sea coast is monitored from long-term station information and new applicable satellite
data (Avsar, Jin, Kutoglu, & Gurbuz, 2016). Tsimplis, Josey, Rixen, and Stanev (2004) observed a trend of 2.2 mmyear™' sea
level change rate over the period 1960-2000, attributed largely to the surface fresh water flux. The reported tide gauge data
collected from 1930 to 2000 for cities around the Black Sea are as follows: 3.7 mmyear™" for Pito (Georgia), 6.8 mmyear™'
for Batumi (Georgia), and 1 to 2mm yezur_1 for the other cities (Varna in Bulgaria, Constantza in Romania, Sevastopol in
Ukraine, Tuapse in Russia), which is consistent with global trends (Karaca & Nicholls, 2008). The Copernicus Marine
Environment Monitoring Service (CMEMS) Black Sea Monitoring and Forecasting Center (BS-MFC) operates daily anal-
ysis and forecasts for the Black Sea, covering the period 2005-2015. Argo floats have been the main observing network for
measuring sub-surface temperature and salinity in the Black Sea over the last decade (Balan et al., 2017).

Significant sea level (SLR) rise could cause flooding over large areas in the Danube Delta and NW part of the Black Sea
coast. This risk is limited as SLR is expected to be modest, tides are nonexistent and currents very weak along the Black
Sea shoreline. However, most of the coastline is potentially vulnerable to erosion processes. Since sea level will continue
to rise, changes in water level and increased storminess could lead to beach erosion, cliff retreat, and to the degradation of
protective structures such as breakwaters.

The Black Sea catchment is facing important climatic and land use changes that may increase pollution, vulnerability
of water resources, and beach erosion through SLR, while appropriate decision-making is hindered by the lack of reliable
environmental monitoring data (Lehmann et al., 2017).

8.5.5 pH Change

The surface layer shows a pH change as a result of increased uptake of carbon dioxide in the troposphere. This phenomenon
is potentially dangerous for marine biota (Polonsky, 2012), but acidification can also be a result of seawater pollution.
Significant century-scale acidification of the upper Black Sea layer cannot be determined from available data for the
last century because of its incompleteness, high level of noise, and strong interannual to decadal variability. Decadal-scale
acidification for the periods 1960, 1980, and 2000, was 0.4 pH units decade™ at the surface, and 0.2 pH units decade™" at
10m. This high rate of upper layer acidification is mostly due not to the concentration of CO, in the atmosphere, but to
intensification of the upward motion in the subsurface layer transporting low-pH water to the surface (Polonsky, 2012).

8.5.6 Storms

The western and north-eastern parts of the Black Sea have the most intense storms, with waves estimated as 7.8 m in
height and period of 11.0s with a return period of 100 years, maximal possible height being >14 m (Gippius, Arkhipkin, &
Surkova, 2012).

>50% of storm events identified for 32 years are the consequence of “coupling” of a continental anticyclone with a
Mediterranean cyclone arriving over the Black Sea (Chiotoroiu & Ciuchea, 2009).
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Storm distribution along the Romanian and Bulgarian coast shows a contrast between a very active interval (1961 until
the 1980s), which caused high-intensity coastal erosional and accretion processes with high sediment transport rates, and
a relatively quiet period with low variability (1979-2000) (Valchev, Trifonova, & Andreeva, 2012; Vespremeanu-Stroe &
Tatui, 2005). The same study, based on a 63-year period (1948-2010), found a shortening of storm duration due to a shift
to the north of the prevailing direction of storm forcing winds.

Extreme storms in the NW region have a mean recurrence rate of 7 years and are considered to be responsible for the
sediment transport south from the Danube delta coast (Zainescu, Tatui, Valchev, & Vespremeanu-Stroe, 2017). Critical
thresholds for storm impacts on Bulgarian coastal morphology (Trifonova, Valchev, Andreeva, & Eftimova, 2012) showed
that storms with integral wave energy varying within threshold values 0.4-0.7 X 10°Im~ are regarded as capable of causing
significant morphological changes.

Estimations of wave height with return periods between 1 and 100 years, based on SWAN models showed that waves
of >8m height are common during autumn storms, occurring about once in 10-20years (Lopatoukhin, Boukhanovsky, &
Chernysheva, 2009).

8.6 HUMAN POPULATIONS AFFECTING THE AREA

8.6.1 Cities and People

About 140 million people live along the Black Sea coast (Allenbach et al., 2015), the highest population densities being in
big port cities (see Fig. 8.1).

The Black Sea region and its surrounding territories have served as a crossroad between Europe, Asia, and Africa. The
ports around it owed their prosperity to commercial connections, as they developed secure trade routes to a network of
overseas locations (Lyratzopouoou & Zarotiadis, 2014). One major change to the region is the Danube—Black Sea Canal,
completed in 1984, which made a link to the North Sea (through the Rhine-Main—Danube Canal) and the traffic through the
river and the industry along it has increased substantially since then. Aquaculture, fishing, and agriculture alongside trans-
port, accommodation, and food services are some of the basic elements of the economy in the coastal area (EUNETMAR,
2014, Black Sea).

In many coastal areas, high population density is seasonal due to the large number of tourist resorts that increase popu-
lations 10-fold, causing serious anthropogenic pressure. This, based on intense urbanization of some valuable land and
protected areas including dunes and sea beaches, has damaged many of the natural areas along the Black Sea coast.

From the beginning of the 21st century to the 2008 world economic crises, the region had sustained growth, with high
levels of trade and investment, but following the collapse of financial markets the growth of the Black Sea region was inter-
rupted sharply (Gavras, 2010).

All of the port cities are situated in naturally protected bays and their favorable geographic position gives the cities
significant dynamics. Some ports like Burgas, Mangalia, Sochi, and Sevastopol are attractive resorts with transport and
commercial importance, while others like Constanta, Odessa, Novorossiysk, Samsun, Varna are trade ports with facili-
ties for crude oil refining, gas stocking capacity (Zygiaris, 2012), and are hubs for container traffic for cereals and grains
(Martin, 2002). The port of Constanta enjoy a special position on several Pan-European Corridors and its water depth of
up to 19m can accommodate tankers with capacity of 165,000 dwt (deadweight) and bulkcarriers of 220,000 dwt (www.
portofconstantza.com).

Measures such as activities to facilitate trade, elimination of dual taxation, and agreements for investments could work
to benefit mutually the different countries, some of them being EU members, while others share historical connections.

8.6.2 Marine-Based Pollution; Pollutants and Pollution Hotspots

Land-based sources account for >70% of pollution entering the sea through rivers, one of the most important groups be-
ing nutrients. They have, however, showed a decline since the 1990s, although nutrients coming from the Danube River in
recent years (mainly nitrates) remain significant but stable (ICPDR, 2010, Water Quality in the Danube river basin).

Pesticide concentrations in water have seldom been measured. In the frame of the international monitoring program
2004-2005 on the Black Sea (BSIMAP) very low-level pesticide pollution (DDT and lindane) was observed in coastal
waters in general, with some occasional patches with very high pesticide concentrations related to large freshwater dis-
charge into the sea after floods. Unexpectedly, the entire coastline contained a very high level of DDTs in bottom sediments
without any clear indication of reduction, while other pesticides were close to their detection limits for all costal zones
(Koroshenko, n.d., SER 2001-2006/7).
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FIG. 8.5 Tourism increases. Sozopol Marina, photo by Miroslav Rangelov IOCCP-BAS.

Decreasing eutrophication measured as N and P discharges continue, but their 2000-2005 average values are still
1.5 times higher than their levels in 1955-1965, with P-PO4 flux supplied by the Danube maintaining a steady level
between 10 and 20ktyear™" at the Sulina discharge point to the sea. Hypoxia has decreased in Romanian coastal waters
compared to the previous decade, and no hypoxia cases were observed in Bulgarian waters in 2001-2005. Relatively
low oxygen concentrations tend to occur more predominantly in the northern sector upstream of the Danube delta region
(Oguz, 2007).

The coastal regions face increasing development pressures due to high urbanization, population increase, and tourism,
as climatic conditions are favorable in the whole Black Sea coastal belt (Guclu, 2011). Although tourism is considered a
generally environment-friendly sector (Fig. 8.5), its uncontrolled development and excessive use of natural resources could
become a crucial factor in environmental degradation (Dimadama & Chantzi, 2014), with tourism investment in almost all
countries expected to rise by 2022 (Kereselidze, 2013).

The Black Sea has been subject also to (as of May 2010) >234 recorded exotic species (Daskalov, 2002; Zaitsev &
Mamaeyv, 1997).

8.6.3 Coastal Hydrocarbons

Petroleum pollution is a major problem for the whole sea, with levels that usually exceed standard Maximum Allowed
Concentration (0.05mgL™"), almost everywhere in the open sea. Very high spatial heterogeneity of total petroleum hy-
drocarbons (TPH) distribution is observed, such that about half of samples can be considered pollution-free. During a
survey in the period 2005-2007, TPH content in bottom sediments were taken and analyzed, with the average concen-
tration of TPH being about 0.05mgg™" at most sites. However, some samples from extremely polluted sites near large
ports, oil refineries, or oil terminals in Romania, Turkish, and Russian waters exceeded the threshold 13—16 times. Higher
concentrations were also detected in bottom sediments close to big cities, where municipal and manufacturing waste
and the discharges from rivers play a substantial role (Koroshenko, n.d., SER 2001-2006/7). Heavy fractions of TPH,
polycyclic aromatic hydrocarbons (PAH), some of them being carcinogens and threats to human health, tend to persist in
bottom sediments close to their source point, with no clear legislation relating to their monitoring, and their elimination
is exclusively performed by prokaryotic communities (Todorova, Mironova, & Karamfilov, 2014). Based on 16 priority
PAH, bottom sediments near big cities and ports, such as Odessa, Sochi, Istanbul, Danube delta, the Bosphorus strait and
some places on the Romanian and Bulgarian coast, tend to be classified as being highly polluted (Tiganus, Coatu, Lazar,
Oros, & Spinu, 2013) (see Box 8.1).
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BOX 8.1 Case Study/Sevastopol Bay: Long-Term Anthropogenic Impact

Being a regional center, the city of Sevastopol (southern-western part of the Crimean Peninsula) is one of the most urbanized areas of
the Crimea because of its big commercial and industrial port. Its coastal area is a series of enclosed bays among which Sevastopol Bay
is one of the largest in the Black Sea and, as a consequence, is most heavily subjected to human impact. Long-term anthropogenic
loads have already caused adverse changes in the environment, affected marine organisms at every taxonomic level and, beginning at
the end of the 1980s, Sevastopol Bay has been classified as an impacted zone with a wide spectra of contaminating substances among
which oil hydrocarbons dominate (Mironov, Kirjukhina, & Alymov, 2003; Osadchaya, Alyomov, & Shadrina, 2004).

Persistent sources of the pollution (Fig. B.8.1) shape its zones and inhabiting biota. Long-lasting pollution determines the different
status of all benthic habitats along established gradients of oil pollution. The recorded spread of pollution to the areas previously con-
sidered as environmentally being in good condition is accompanied by deterioration of biological (macrobenthic) quality (Fig. B.8.2).

Evaluation the bottom macrofauna quality using the index M-AMBI (Borja, Josefson, Miles, et al., 2007) has shown a detectable
deterioration of overall environmental status in Sevastopol Bay: by 2009, number the sites with “good ecological status” decreased
up to 7% compared with 26% in 2000, and the area with “poor” environmental conditions has expanded up to 33% from 20%.

The natural remediation period by the benthic organisms in these polluted marine ecosystems is estimated to be 10-20years.
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FIG. B.8.1 Patterns of oil hydrocarbon distribution in Sevastopol Bay, mg per 100 g of sediment dry weight (Osadchaya, 2017, current article).
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FIG. B.8.2 Long-term changes of the biomass and abundance of macrozoobenthos in different regions of the Sevastopol Bay (Osadchaya, 2017,
current article).
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8.6.4 Oil Pollution in Open Waters, Pollution From Ships

Marine oil spills, from illegal bilge water discharges or from accidents, pose serious risks of ecological damage and socio-
economic losses (ClearSeaNet).

The Black Sea is vulnerable due to intense transportation of oil products and its semi-enclosed nature. Pipelines and
tankers for oil and gas from the Caspian basin and Russia to the West cross the region (Lyratzopouoou & Zarotiadis, 2014).
CleanSeaNet, a satellite-based pan-European oil spill and vessel monitoring service has been available since 2007 from
the European Maritime Safety Agency. This service aims to provide information about oil spills and pollution alerts (and
related data) to national authorities in 27 coastal states in near real-time (Fig. 8.6).

Maritime accidents caused by severe weather phenomena.

Storms in the Black Sea are frequent from November to March, being stronger in the NW. Along the Romanian coast
they have been defined using two parameters: wind speed >12ms™" for at least 12 consecutive hours and sea state 4 near the
coast (wave height between 1.25 and 2.50 m). The highest number of accidents at sea caused by severe weather phenomena
for a 26-year period occurred in Romanian waters in winter, between October and March, with a maximum in January and
December (Chiotoroiu & Ciuchea, 2009).

8.6.5 Invasive Species

Exotic species brought by ships through exchange of ballast waters or other wastewaters affect the Black Sea ecosys-
tem, since they tend to proliferate due to lack of natural predators, and among them new invasive species are regularly
discovered.
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8.7 RESOURCES
8.7.1 Oil and Gas

There are considerable stocks of hydrogen sulfide, gas, and oil available in the Black Sea and the full-scale extraction of
some of these resources will require the development of new and complex technologies (www.eea.europa.eu). Most ex-
ploitation occurs in the shallow NW shelf, with Ukraine and Romania being traditional oil and gas producers and exporters
(Popovici, 2009). The first deep-water well drilled in 2012 in the Black Sea has a potential gas production of approximately
17.8x10°m*day™" (ROPEPCA, 2016).

There is a need for renovating gas distribution systems and operational environmental protection, as the long-term
impacts of such large-scale activities will have to be carefully assessed given the potential consequences on the marine
ecosystem.

8.7.2 Fisheries

The Black Sea does not have an ecosystem-wide management authority, and the exploitation of resources is largely
regulated by national commitment. There are attempts at bilateral mechanisms for regional fishery cooperation as a
semienclosed sea that is party to UNCLOS (IP/B/PECH/IC/2012-069). All Black Sea countries exhibit similar trends
in their industrial fish catch as most of the assessed stocks are overfished. In the late 1960s and early 1970s, Atlantic
mackerel (Scomber scombrus), bonito (Sarda sarda), and bluefish (Pomatomus saltatrix) catches dramatically de-
creased, followed by turbot (Scophthalmus maximus), one of the most important commercial species, whose catch also
had declined by the 1980s (Zaitsev & Mamaev, 1997). In the 1970s, overexploitation of larger pelagic predators, com-
bined with increased eutrophication in the NW led to a dramatic increase in the catches of small pelagics such as sprat
(Sprattus sprattus), anchovy (Engraulis encrasicolus), and Mediterranean horse mackerel (Trachurus mediterraneus),
which was thought to be sustained by the extensive eutrophication that caused the ecosystem to be overproductive
(STECEF, 2015).

In the late 1980s, an alien invasive species, the ctenophore Mnemiopsis leidyi reached its maximum abundance in the
Black Sea, and became a powerful food competitor of adult planktivorous fish (the anchovy fishery in the entire Black Sea
collapsed in 1989/90), and a significant predator of their eggs and larvae (Keskin et al., 2015). After the collapse, the eastern
region became the only region sustaining a relatively high anchovy catch (400,000t), whereas the total catch within the rest
of the sea was reduced to nearly one-third (Oguz, 2017). Today the most abundant and commercially important target spe-
cies are anchovy and sprat (Sprat sprattus) (STECF, 2015). The most commonly caught species in the western Black Sea
are European sprat (56%) targeted mainly by large-scale pelagic trawls from February to November. Anchovy in the Black
Sea exhibits migration behavior mainly driven by the ambient temperature (Shulman et al., 2008). When cold temperatures
approach in fall, anchovy adults and juveniles aggregate to form dense schools and start their wintering migration toward
warmer waters in the southern Black Sea. A return migration commences in spring when water temperatures rise again
(Fig. 8.7).

The coastal fishery has traditionally been carried out by small vessels (<12 m), which use mainly passive types of fish-
ing gear, such as trap nets (uncovered pound nets), and beach seines in the inshore area, while target species vary according
to season. In Bulgaria and Romania the bottom trawl fishery was banned, due to protection of vulnerable benthic biotic
communities (Keskin et al., 2015). The Turkish fishery uses purse seiners to fish schools of overwintering anchovy along
the southeastern Turkish coast during winter time (September to mid-April) after which industrial fishing is banned for
4.5 months. To control harvest, fishing is restricted to night time only, however there is no total allowable catch (TAC) in
place. In an effort to reduce fishing pressure, the licensing of new fishing boats has been halted since 2015 and a periodic,
voluntary fishing vessel decommissioning program has been applied since 2012 (Gucu et al., 2017).

Sustainable fishing in the Black Sea is under serious threat by illegal, unreported, and unregulated (IUU) fishing, which
includes ghost fishing, and by destruction of the benthic ecosystem. A total of 65 illegal fishing cases have been reported in
various exclusive economic zones (EEZs) in the Black Sea from 1992 to 2012 (Ozturk, 2013).

The Black Sea is still in an unstable condition, with a serious overfishing/recovery problem. Unfortunately, the quotas
are enforced under political and social pressures to support short-term fishing prospects instead of the long-term sustain-
ability. A variety of fisheries management actions such as quotas, effort reduction, area, and season closure of fisheries,
can be applied by the authorities to improve the situation. Therefore, more straightforward management actions against
overcapacity and overexploitation of fish stocks are urgently needed (Oguz, 2017).
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FIG. 8.7 Main routes of anchovy migration (according to Rekacewicz, 2006, http://www.grida.no/resources/6522).

8.8 THREATS AND MANAGEMENT

The main threats for the Black Sea ecosystem are water pollution, notably nutrients from land-based sources and by in-
puts of other harmful substances, including oil from vessels or land-based sources; invasive species from deballasting of
vessels; overfishing and IUU fishing; erosion driven by sea level rise, extreme storm events, diminishing sediment supply
from the heavily managed rivers; coastal development and poorly designed coastal protection schemes; river, coastal, and
near-shore sediment mining; uncontrolled urban, tourist, and industrial development; and discharge of wastes straight into
the waterways without treatment.

Thus, the Black Sea is a subject to multiple stressors, whose cumulative effects are neither well understood nor are
they easy to be modeled for future prognosis. No sign of appreciable ecosystem rehabilitation is obvious (Oguz, 2017)
and there is scientific uncertainty as to whether a more desirable equilibrium state is even possible, or when it might be
reached. Real assessment of the current state, needed for management development, is hindered by the lack of systematic
time series.

8.8.1 Protection and Conservation Measures, Deficiencies

The marine strategy framework directive (MSFD), is a long-awaited EU instrument central to the Integrated Maritime
Policy, despite the lack of an EU Black Sea strategy. It requires EU Member States to reach or maintain good environmental
status (GES) in the marine environment by 2020 (Lyons, Thain, Hylland, Davies, & Vethaak, 2010). Marine protected areas
(MPAs) have been identified as crucial components of the program of measures to achieve GES.

Mapped classifications of biodiversity patterns are an important tool in conservation planning. Marine Ecoregions
as defined by Spalding et al. (2007) are the smallest unit of their classification system. They are areas of relatively ho-
mogeneous species composition that are clearly distinct and are strongly cohesive units, sufficiently large to encompass
ecological or life history processes for most sedentary species. The Black Sea has been defined as one ecoregion in that
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classification. Ozturk et al. (2017), however, suggest that there are four subregions based on biodiversity characteristics,
which are the Pre-Bosphoric Region reaching from the Romanian border to Sile, the NW Shelf, Kerch Strait, and the
Southern Black Sea.

To enable the MPA network to fulfill its critical role in the delivery of GES, both national progress and transboundary
agreements toward designation of adequate MPAs will be required, as well as coordination at a regional scale and coopera-
tion between Member State governments.

8.8.2 Marine Protected Areas

Oguz (2017) described the Black Sea as one of the most polluted and mismanaged semienclosed seas in the world. The
adoption of appropriate management strategies requires an understanding of the potential response of the system to indi-
vidual drivers of change.

Establishing MPAs is a key element toward the ecosystem-based approach of marine management in order to maintain
ecological integrity and a sustainability (Fig. 8.8).

Bulgaria, Romania, and Turkey have established MPAs with similar categories of protection. Natura 2000 in Bulgaria
and Romania and the Emerald Network and RAMSAR Convention in Turkey have been the basis of their MPAs. Bulgaria
has 15 MPAs both marine and terrestrial, Romania has two with the largest being the marine part of the Danube Delta
Biosphere (Begun et al., 2012). Ozturk et al. (2013) proposed five ecologically important regions along the Turkish Black
Sea coast, containing the internationally important wetland of Kizilirmak Delta, a Ramsar Site since 1998, and Yesilirmak
Delta in the Samsun region. These sites were proposed taking into account the criteria of the Convention on Biological
Diversity and modeling studies of larval dispersal within the Black Sea (Fach, Arkin, & Salihoglu, 2016), confirming con-
nectivity between each of the regions to form a network of protected areas. Other counties in the region, Georgia, Russia,
Ukraine, although also not EU members, try to harmonize their protected zones with the European Directives (Milchakova
et al., 2015).
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8.9 SUMMARY, PROGNOSES, OR NEEDS

The present Black Sea ecosystem is undergoing a slow recovery from its degraded state of the 1970s. The low rate of re-
covery may be related to inappropriate management as well as to continuing impacts. Additional ecosystem-level planning
and integrated assessments are urgently needed, including reducing eutrophication, reducing fleet capacity, and banning
fisheries for particular stocks or regions.

Due to decades of unsustainable fishing efforts, with the exception of the southeastern part, the Black Sea does not sup-
port much fish. This is a unique case among the large marine ecosystems in the world and represents an almost collapsed
ecosystem whose size is ~400,000km? (Oguz, 2017). The implementation of ecosystem-based management strategies
requires tools that are being developed collaboratively and which will lead to a more stable and sustainable Black Sea
functional ecosystem.

REFERENCES

Agirbas, E., Feyzioglu, A. M., Aytan, U., Valente, A., & Yildiz, I. (2015). Are trends in SST, surface chlorophyll-a, primary production and wind stress
similar or different over the decadal scale in the south-eastern Black Sea? Cahiers de Biologie Marine, 56, 329-336.

Agirbas, E., Koca, L., & Aytan, U. (2017). Spatio-temporal pattern of phytoplankton and pigment composition in surface waters of south-eastern Black
Sea. Oceanologia, 59, 283-299.

Akpinar, A., Fach, B. A., & Oguz, T. (2017). Observing the subsurface thermal signature of the Black Sea cold intermediate layer with Argo profiling
floats. Deep-Sea Research Part I, 124, 140-152.

Allenbach, K., Garonna, 1., Herold, C., Monioudi, I., Giuliani, G., Lehmann, A., et al. (2015). Black Sea beaches vulnerability to sea level rise.
Environmental Science & Policy, 46, 95-109.

Arashkevich, E. G., Stefanova, K., Bandelj, V., Siokou, I., Kurt, T. T., Orek, Y. A., et al. (2014). Mesozooplankton in the open Black Sea: Regional and
seasonal characteristics. Journal of Marine Systems, 135, 1-96.

Avsar, N. B., Jin, S., Kutoglu, H., & Gurbuz, G. (2016). Sea level change along the Black Sea coast from satellite altimetry, tide gauge and GPS observa-
tions. Geodesy and Geodynamics, 7(1), 50-55.

Balan, S., Fach, B., Grayek, S., Poulain, P.-M., Stanev, E., & Storto, A. (2017). Argo activities in the Black Sea. Euro-Argo RI, on-line at: http://www.
euro-argo.eu/News-Meetings/News/Argo-activities-in-the-Black-Sea.

Begun, T., Muresan, M., Zaharia, T., Dencheva, K., Sezgin, M., Bat, L., et al. (2012). Conservation and protection of the Black Sea biodiversity. Review
of the existing and planned protected areas in the Black Sea (Bulgaria, Romania, Turkey) with a special focus on possible deficiencies regarding law
enforcement and implementation of management plans. EC DG Env. MISIS Project Deliverables. www.misisproject.eu.

Berseneva, G. P., Churilova, T. Y., & Georgieva, L. V. (2004). Seasonal variability of chlorophyll and phytoplankton biomass in the western part of the
Black Sea. Oceanology, 44(3), 389-398.

Borja, A., Josefson, B., Miles, A., et al. (2007). An approach to the intercalibration of benthic ecological status assessment in the North Atlantic ecoregion,
according to the European Water Framework Directive. Marine Pollution Bulletin, 55, 42-52.

Capet, A., Stanev, E. V., Beckers, J.-M., Murray, J. M., & Grégoire, M. (2016). Decline of the Black Sea oxygen inventory. Biogeosciences, 13, 1287-1297.

Chiotoroiu, B., & Ciuchea, V. (2009). Severe weather conditions and maritime accidents along the Romanian Black Sea coast. In L. Gucma (Ed.),
Proceedings of the XIII International Scientific and Technical Conference on Marine Traffic Engineering (pp. 35-39). Malmo, Sweden: Institute of
Marine Traffic Engineering.

Croitoru, A. E., & Piticar, A. (2013). Changes in daily extreme temperatures in the extra-Carpathians regions of Romania. International Journal of
Climatology, 33(8), 1987-2001.

Daskalov, G. M. (2002). Overfishing drives a trophic cascade in the Black Sea. Marine Ecology Progress Series, 225, 53—63.

Daskalov, G. M., Grishin, A. N., Rodionov, S., & Mihneva, V. (2007). Trophic cascades triggered by overfishing reveal possible mechanisms of ecosystem
regime shifts. Proceedings of the National Academy of Sciences, 104, 10518-10523.

Dimadama, Z., & Chantzi, G. (2014). A new era for tourism in the Black Sea area. International Journal of Cultural and Digital Tourism, 1(2).

Dorofeyev, V. L., Oguz, T., Sukhikh, L. I., Knysh, V. V., Kubryakov, A. I., & Korotaev, G. K. (2012). Modeling long-term changes of the Black Sea eco-
system characteristics. Ocean Science Discussions, 9, 2039-2080.

Duarte, C. M. (2002). The future of seagrass meadows. Environmental Conservation, 29(2), 192-206.

Esin, N. V., Yanko-Hombach, V., & Kukleva, O. N. (2010). Mathematical model of the late Pleistocene and Holocene transgressions of the Black Sea.
Quaternary International, 225(2), 180-190.

EUNETMAR 2014, Black Sea. http://www.msp-platform.eu/sea-basins/black-sea-0.

Fach, B. A., Arkin, S. S., & Salihoglu, B. (2016). Modeling ecological connectivity and dispersal in the Black Sea: Seasonal and interannual variability.
In F. Briand (Ed.), CIESM Workshop Monographs n°48 Marine Connectivity—Migration and Larval dispersal (pp. 105-114). Monaco: CIESM
Publisher.

Friedrich, J., Dinkel, C., Friedla, G., Pimenov, N., Wijsman, J., Gomoiu, M.-T., et al. (2002). Benthic nutrient cycling and Diagenetic pathways in the
north-western Black Sea. Estuarine, Coastal and Shelf Science, 54(3), 369-383.

Garnier, J., Billen, G., Hannon, E., Fonbonne, S., Videnina, Y., & Soulie, M. (2002). Modelling the transfer and retention of nutrients in the drainage
network of the Danube River. Estuarine, Coastal and Shelf Science, 54, 285-308.


http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0010
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0010
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0015
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0015
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0020
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0020
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0025
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0025
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0030
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0030
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0035
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0035
http://www.euro-argo.eu/News-Meetings/News/Argo-activities-in-the-Black-Sea
http://www.euro-argo.eu/News-Meetings/News/Argo-activities-in-the-Black-Sea
http://www.misisproject.eu/
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0040
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0040
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0045
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0045
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0050
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0055
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0055
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0055
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0060
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0060
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0065
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0070
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0070
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0075
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0080
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0080
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0085
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0090
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0090
http://www.msp-platform.eu/sea-basins/black-sea-0
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0095
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0095
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0095
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0100
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0100
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0105
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0105

224 World Seas: An Environmental Evaluation

Gavras, P. (2010). The current state of economic development in the Black Sea region. Southeast European and Black Sea Studies, 10(3), 263-285.

Gavrilova, N., & Dolan, J. (2007). A note on species lists and ecosystem shifts: Black Sea tintinnids, ciliates of the microzooplankton. Acta Protozoologica,
Jagiellonian University, 46, 279-288.

Georgescu, F., Tascu, S., Caian, M., & Banciu, D. (2009). A severe blizzard event in Romania—A case study. Natural Hazards and Earth System Sciences,
9, 623-634.

Gippius, F. N., Arkhipkin, V. S., & Surkova, G. V. (2012). Analysis of storm waves on the Black Sea, Plinius Conference abstracts 14, Plinius 14-32, 2012.
In 74th EGU Plinius conference on Mediterranean storms and MEDEX final conference.

Gregg, M. C., & Yakushev, E. (2005). Surface ventilation of the Black Sea's cold intermediate layer in the middle of the western gyre. Geophysical
Research Letters, 32, 1.03604.

Gucluy, Y. (2011). The determination of sea tourism season with respect to climatical conditions on the black sea region of Turkey, the 2nd international
Geography symposium GEOMED 2010. Procedia—Social and Behavioral Sciences, 19, 258-269.

Gucu, A. C., Genc, Y., Dagtekin, M., Sakinan, S., Ak, O., Ok, M., et al. (2017). On Black Sea anchovy and its fishery. Reviews in Fisheries Science &
Aquaculture, 25, 230-244.

Gulin, S. B., Aarkrog, A., Polikarpov, G. G., Nielsen, S. P., & Egorov, V. N. (1997). Chronological study of 137Cs input to the Black Sea deep and shelf
sediments. In P. Germain, J. C. Guary, P. Guéguéniat, & H. Métivier (Eds.), Radionuclides in the oceans. RADOC 96-97. Proceedings. Part 1:
Inventories, behaviour and processes (no. C2, vol. 32, pp. 257-262). Les Editions de Physique, Les Ulis Cedex, Radioprotection.

IPCC, Pachauri, R. K., & Reisinger, A. (Eds.). (2007). IPCC 4th Assessment Report AR4, Climate Change 2007: Synthesis Report, Contribution of
Working Groups I, Il and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change Core Writing Team (p. 104).
Geneva, Switzerland: IPCC.

Ivanov, V. A., & Belokopytov, V. N. (2013). Oceanography of the Black Sea. Sevastopol: Marine Hydrophysical Institute of National Academy of Science
of Ukraine, ECOSY-Gidrofizika.

Jaoshvili, S. (2002). The rivers of the Black Sea. European Environmental Agency 58, Technical report 71.

Karaca, M., & Nicholls, R. J. (2008). Potential implications of accelerated sea level-rise for Turkey. Journal of Coastal Research, 24(2), 288-298.

Kereselidze, D. (2013). A perspective on tourism in the BSEC countries. Policy Brief No. 27 ICBSS: Athens.

Keskin, C., Ulman, A., Raykov, V., Daskalov, G. M., Zylich, K., Pauly, D., et al. (2015). Reconstruction of fisheries catches for Bulgaria: 1950-2010.
Fisheries Centre The University of British Columbia, Working Paper #2015-20.

Koroshenko, A. (n.d.). Chapter 3 The State of chemical pollution, State of Environment Report (SER) 2001-2006/7. http://www.blacksea-commission.
org/_publ-SOE2009-CH3.asp.

Korotaev, G., Oguz, T., Nikiforov, A., & Koblinsky, C. (2003). Seasonal, interannual, and mesoscale variability of the Black Sea upper layer circulation
derived from altimeter data. Journal of Geophysical Research, 108(C4), 3122. https://doi.org/10.1029/2002jc001508.

Korotaev, G. K., Oguz, T., & Riser, S. (2006). Intermediate and deep currents of the Black Sea obtained from autonomous profiling floats. Deep Sea
Research, 11(53), 1901-1910.

Kubryakov, A. A., & Stanichny, S. V. (2015). Mesoscale eddies in the Black Sea from satellite altimetry data. Oceanology, 55(1), 56-67.

Langmead, O., McQuatters-Gollop, A., Mee, L. D., Friedrich, J., Gilbert, A. J., Gomoiu, M. T., et al. (2009). Recovery or decline of the Black Sea:
A societal choice revealed by socio-ecological modeling. Ecological Modelling, 220(21), 2927-2939.

Lehmann, A., Guigoz, Y., Ray, N., Mancosu, E., Abbaspour, K. C., Freund, E. R., et al. (2017). Data descriptor: a web platform for landuse, climate,
demography, hydrology and beach erosion in the Black Sea catchment. Scientific Data, 4, 170087.

Llope, M., Daskalov, G. M., Rouyer, T. A., Mihneva, V., Chan, K.-S., Alexander, N., et al. (2010). Overfishing of top predators eroded the resilience of the
Black Sea system regardless of the climate and anthropogenic conditions. Global Change Biology, 17, 1251-1265.

Lopatoukhin, L., Boukhanovsky, A., & Chernysheva, E. (2009). In E. Ozhan (Ed.), Statistics of Black Sea extreme storms Proceedings of the ninth inter-
national conference on the Mediterranean coastal environment, MEDCOAST 09, Sochi, Russia.

Ludwig, W., Dumont, E., Meybeck, M., & 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. Progress in Oceanography, 80(3—4), 199-217.

Lyons, B. P, Thain, J. E., Hylland, K., Davies, I. M., & Vethaak, A. D. (2010). Using biological effects tools to define good environmental status under
the European Union marine strategy framework directive. Marine Pollution Bulletin, 60, 1647-1651.

Lyratzopouoou, D., & Zarotiadis, G. (2014). The economies of Balkan and Eastern Europe Countries in the Changed World (EBEEC 2013) Black Sea:
Old trade routes and current perspectives of socioeconomic co-operation. Procedia Economics and Finance, 9, 74-82.

Martin, E. (2002). In International Waterway in Crisis: the case of the River Danube IAME Panama 2002 Conference Proceedings, Panama, USA.

Mikaelyan, A. S., Chasovnikov, V. K., Kubryakov, A. A., & Stanichny, S. V. (2017). Phenology and drivers of the winter—spring phytoplankton bloom in
the open Black Sea: The application of Sverdrup’s hypothesis and its refinements. Progress in Oceanography, 151, 163-176.

Miladinova, S., Stips, A., Garcia-Gorriz, E., & Macias Moy, D. (2016). Changes in the Black Sea physical properties and their effect on the ecosystem.
JRC technical reports. Publications Office of the European Union.

Milchakova, N. A., Aleksandrov, V. V., Bondareva, L. V., Pankeeva, T. V., & Chernysheva, E. B. (2015). Marine protected areas of the Crimea. Scientific
handbook, Ed. Dr. Milchakova, NA, Simferopol, N. Orianda [original in Russian].

Milchakova, N. A., & Phillips, R. C. (2003). Black Sea seagrasses. Marine Pollution Bulletin, 46(6), 695-699.

Mironov, O. G., Kirjukhina, L. N., & Alymov, S. V. (Eds.). (2003). Sanitary-biological aspects of the Sevastopol bays ecology in XX century (p. 185).
Sevastopol: IBSS NAS of Ukraine.

Oguz, T. (2007). Chapter 1 A—general oceanographic properties: physico-chemical and climatic features. State of Environment Report 2001-2006/7.
(http://www.blacksea-commission.org/_publ-SOE2009-CH1A.asp).


http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0110
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf9000
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf9000
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0115
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0115
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0120
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0120
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0125
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0125
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0130
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0130
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0135
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0135
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0135
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0140
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0140
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0145
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0150
http://www.blacksea-commission.org/_publ-SOE2009-CH3.asp
http://www.blacksea-commission.org/_publ-SOE2009-CH3.asp
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0155
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0155
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0160
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0160
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0165
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0170
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0170
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf9005
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf9005
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0175
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0175
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0180
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0180
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0185
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0185
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0190
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0190
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0195
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0195
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0200
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0205
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0205
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0210
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0210
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0215
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0220
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0220
http://www.blacksea-commission.org/_publ-SOE2009-CH1A.asp

Black Sea Chapter | 8 225

Oguz, T. (2017). Controls of multiple stressors on the Black Sea fishery. Frontiers in Marine Science, 4(110).

Oguz, T., & Besiktepe, S. (1999). Observations on the rim current structure, CIW formation and transport in the Western Black Sea. Deep-Sea Research
Part 1,46, 1733-1753.

Oguz, T., Deshpande, A. G., & Malanotte-Rizzoli, P. (2002). On the role of Mesoscale processes controlling biological variability in the Black Sea:
Inferrences from SeaWIFS-derived surface chlorophyll field. Continental Shelf Research, 22, 1477-1492.

Oguz, T., Dippner, J. W., & Kaymaz, Z. (2006). Climatic regulation of the Black Sea hydro-meteorological and ecological properties at interannual-to-
decadal time scales. Journal of Marine Systems, 60, 235-254.

Oguz, T., & Merico, A. (2006). Factors controlling the summer Emiliania huxleyi bloom in the Black Sea: A modeling study. Journal of Marine Systems,
59(3-4), 173-188.

Oral, N. (2013). Chapter II State of the Black Sea: The making and unmaking of a sea. In Regional cooperation and protection of the marine environment
under international low: IDC Publishers and Martinus Nijhoff Publishers.

Osadchaya, T. S., Alyomoyv, S. V., & Shadrina, T. V. (2004). Ecological quality of Sevastopol Bay bottom sediments: retrospective and present-day state.
Ekology of the Sea, Sevastopol, 66, 82-817.

Ostrovskii, A. G., & Zatsepin, A. G. (2016). Intense ventilation of the Black Sea pycnocline due to vertical turbulent exchange in the rim current area.
Deep-Sea Res Part I, 116, 1-13.

Ozsoy, E., & Unluata, U. (1997). Oceanography of the Black Sea: A review of some recent results. Earth-Science Reviews, 42, 231-272.

Ozturk, B. (2013). Some remarks of illegal, unreported and unregulated (IUU) fishing in Turkish part of the Black Sea. Journal of the Black Sea/
Mediterranean Environment, 19(2), 256-267.

Ozturk, B., Fach, B. A., Keskin, C., Arkin, S., Topaloglu, B., & Ozturk, A. A. (2017). Prospects for marine protected areas in the Turkish Black Sea.
In P. D. Goriup (Ed.), Management of Marine Protected Areas: A Network Perspective (p. 247): Wiley and Sons Ltd.

Ozturk, B., Topaloglu, B., Kideys, A., Bat, L., Keskin, C., Sezgin, M., et al. (2013). A proposal for new marine protected areas along the Turkish Black
Sea coast. Journal of the Black Sea/Mediterranean Environment, 19(3), 365-379.

Polonsky, A. (2012). Had been observing the acidification of the Black Sea upper layer in XX century? Turkish Journal of Fisheries and Aquatic Sciences,
12,391-396.

Popovici, V. (2009). Black Sea region stands at energy crossroads. Oil & Gas Journal.

Rekacewicz, P. (2006). UNEP/GRID-Arendal. http://www.grida.no/resources/6522.

Robertson, A., Parlak, O., Ustadmer, T., Tash, K., Inan, N., Dumitrica, P,, et al. (2014). Subduction, ophiolite genesis and collision history of Tethys adja-
cent to the Eurasian continental margin: New evidence from the eastern Pontides, Turkey. Geodinamica Acta, 26, 230-293.

ROPEPCA website. (2016). Romanian Petroleum Exploration and Production Companies Association. http://www.ropepca.ro/en/articole/
black-sea-energy-resources-and-economic-potential/215/.

Shaltout, M., & Omstedt, A. (2014). Recent sea surface temperature trends and future scenarios for the Mediterranean Sea. Oceanologia, 56(3), 411-443.

Shiganova, T. A. (1998). Invasion of the Black Sea by the ctenophore Mnemiopsis Leidyi and recent changes in pelagic community structure. Fisheries
Oceanography, 7(3/4), 305-310.

Shillington, D., White, N., Minshull, T. A., Edwards, G. R. H., Jones, S. M., Edwards, R. A., et al. (2008). Cenozoic evolution of the eastern Black Sea: A
test of depth-dependent stretching models. Earth and Planetary Science Letters, 265(3—4), 360-378.

Shulman, G. E., Nikolsky, V. N., Yuneva, T. V., Shchepkina, A. M., Bat, L., & Kideys, A. (2008). Significance of physiological and biochemical approaches
for Black Sea fishery investigations. International Journal of Natural and Engineering Sciences, 2, 107-112.

Spalding, M. D., Fox, H. E., Allen, G. R., Davidson, N., Ferdana, Z. A., Finlayson, M., et al. (2007). Marine ecoregions of the world: A bioregionalization
of coastal and shelf areas. Bioscience, 57(7), 573-583.

Stanev, E. V., Bowman, M. J., Peneva, E. L., & Staneva, J. V. (2003). Control of Black Sea intermediate water mass formation by dynamics and topogra-
phy: Comparison of numerical simulations, survey and satellite data. Journal of Marine Research, 61, 59-99.

STECEF. (2015). Scientific, technical and economic committee for fisheries—Black Sea assessments (STECF-15-16). Luxembourg, EUR 27517 EN, JRC
98095: Publications Office of the European Union, 284 p.

Tiganus, D., Coatu, V., Lazar, L., Oros, A., & Spinu, A. D. (2013). Identification of the sources of polycyclic aromatic hydrocarbons in sediments from
the Romanian Black Sea sector. Cercetari Marine, 43, 187-196.

Todorova, N., Mironova, R., & Karamfilov, V. (2014). Comparative molecular analysis of bacterial communities inhabiting pristine and polluted with
polycyclic aromatic hydrocarbons Black Sea coastal sediments. Marine Pollution Bulletin, 83, 231-240.

Trifonova, E., Valchev, N., Andreeva, N., & Eftimova, P. (2012). Critical storm thresholds for morphological changes in the western Black Sea coastal
zone. Geomorphology, 143—144, 81-94.

Tsimplis, M. N., Josey, S. A., Rixen, M., & Stanev, E. V. (2004). On the forcing of sea level in the Black Sea. Journal of Geophysical Research, 109,
C08015.

Valchev, N., Trifonova, E. V., & Andreeva, N. K. (2012). Past and recent trends in the western Black Sea storminess. Natural Hazards and Earth System
Sciences, 12,961-977.

Vandenbulcke, L., Capet, A., & Grégoire, M. (2017). Recent evolution of the Black Sea cold intermediate layer. Geophysical Research Abstracts, 19,
EGU2017-10778.

Vespremeanu-Stroe, A., & Tatui, F. (2005). The influence of North Atlantic Oscillation on Romanian Black Sea coast wind regime. Annals of the University
of Bucharest—Geography Series, LIV, 17-25.

von Schuckmann, K., et al. (2017). The Copernicus marine environment monitoring Service Ocean state report. Journal of Operational Oceanography,
9(S2), $235-s320.


http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0225
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0230
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0230
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0235
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0235
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0240
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0240
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0245
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0245
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0250
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0250
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0255
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0255
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0260
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0260
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0265
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0270
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0270
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0275
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0275
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0280
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0280
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0285
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0285
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0290
http://www.grida.no/resources/6522
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0295
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0295
http://www.ropepca.ro/en/articole/black-sea-energy-resources-and-economic-potential/215/
http://www.ropepca.ro/en/articole/black-sea-energy-resources-and-economic-potential/215/
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0300
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0305
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0305
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0310
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0310
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0315
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0315
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0320
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0320
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0325
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0325
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0330
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0330
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0335
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0335
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0340
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0340
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0345
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0345
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0350
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0350
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0355
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0355
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0360
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0360
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0365
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0365

226 World Seas: An Environmental Evaluation

Vorosmarty, C. J., Sharma, K., Fekete, B. M., Copeland, A. H., Holden, J., Marble, J., et al. (1997). The storage and aging of continental runoff in large
reservoir systems of the world. Ambio, 26, 210-219.

Yucel, M., Moore, W. S., Butler, I. B., Boyce, A., & Luther, G. W., III. (2012). Recent sedimentation in the Black Sea: New insights from radionuclide
distributions and sulfur isotopes. Deep-Sea Research Part I, 66, 103—113.

Zaharia, T., Micu, D., Todorva, V., Maximov, V., & Nita, V. (2008). The Development of an indicative ecologically coherent network of marine protected
areas in Romania, Romart Design—2008.

Zainescu, I. F, Tatui, F., Valchev, N., & Vespremeanu-Stroe, A. (2017). Storm climate on the Danube delta coast: Evidence of recent storminess change
and links with large-scale teleconnection patterns. Natural Hazards, 87(2), 599-621.

Zaitsev, Y. P., & Mamaev, V. (1997). Marine biological diversity in the Black Sea: a study of change and decline. GEF Black Sea Environmental Programme
New York: United Nations Publications.

Zatsepin, A. G., Ginzburg, A. 1., Kostianoy, A. G., Kremenetskiy, V. V., Krivosheya, V. G., Stanichny, S. V., et al. (2003). Observation of Black Sea meso-
scale eddies and associated horizontal mixing. Journal of Geophysical Research, 108, 1-27.

Zygiaris, S. (2012). Lending dynamism to innovative capacity in the periphery of Europe. The Innovation Journal: The Public Sector Innovation Journal,
17(2), 1-15.

FURTHER READING

CleanSeaNet. (n.d.). A tool for the protection of our seas. (http://newsletter.copernicus.eu/article/cleanseanet-tool-protection-our-seas).

Daskalov, G. M., Prodanov, K., & Zengin, M. (2004). The Black Sea fisheries and ecosystem change: Discriminating between natural variability
and human-related effects. In Review proceedings of the fourth world fisheries congress, American fisheries society books (4th world fisheries
congress, Vancouver, May 2004).

Oguz, T. (2009). Chapter 1 A—General Oceanographic Properties: Physico-chemical and Climatic Featuers, State of Environment Report 2001-2006/7.
http://www.blacksea-commission.org/_publ-SOE2009-CH1A .asp.

Oguz, T., Latun, V. S., Latif, M. A., Vladimirov, V. V., Sur, H. 1., Makarov, A. A., et al. (1993). Circulation in the surface and intermediate layers of the
Black Sea. Deep-Sea Res Part I, 40, 1597-1612.


http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0370
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0370
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0375
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0375
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0380
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0380
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0385
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0385
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0390
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0390
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0395
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0395
http://newsletter.copernicus.eu/article/cleanseanet-tool-protection-our-seas
http://www.blacksea-commission.org/_publ-SOE2009-CH1A.asp
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0400
http://refhub.elsevier.com/B978-0-12-805068-2.00011-5/rf0400

Index

Note: Page numbers followed by f'indicate figures, ¢ indicate tables and b indicate boxes.

A
Abandoned fishing gear, 391-392
Abrolhos Archipelago, 820, 821f
Abrolhos Bank, Brazil
reef, eastern region, 816-817, 820, 822-823
shelf margin reefs growth, 823
Abrolhos National Marine Park, 828
Abundance/biomass comparison (ABC), 581
Accretion, Romanian and Bulgarian coast, 216
Acidification, of oceans, 768
Acid-volatile sulfide (AVS), 266
Acipenser nudiventris, 324
Acipenser sturio, 324
Acoustic harassment devices, 372
Acropora-Millepora thicket, 603
Acropora palmata, 557, 603, 604f
Acropora palmata-dominated reef, 643, 644f
Acropora spp., 435, 642
Adaptive management and monitoring
(AMM), 460
Adriatic Sea, 285-286, 302-303
aquaculture sector in, 301
Adriatic surface water (ASW), 286
Aegean Sea, 231, 310-312, 322f
chemical oceanography, 312
fish species in, 322f
geographic setting, 310
geological description, 311
physical oceanography, 311
Aggregate extraction, La Manche, 1765
Agreement on the Conservation of Cetaceans
in the Black Sea Mediterranean
Sea and Contiguous Atlantic Area
(ACCOBAMS), 302
Agricultural activities, Antarctic seas, 25-26
Agriculture, 631-632, 776, 794
coastal erosion and, 317
coastal lagoons and, 235
pollution source, 319
Agriculture and Fisheries Act, 608—-609
Aichi Biodiversity Target 6, 302
Air masses, 533, 785-786, 838
Alaskan Current, 345
Albemarle-Pamlico Estuarine System (APES), 405
Alexandrium catenella, 270
Algal biomass, 534
Algal blooms, 417
Algal-dominated dense hard-bottom, 628
Algal forests, 290
Alosa sapidissima, 384-385
AMD. See Anthropogenic marine debris (AMD)
American shad, 384-385

AMM. See Adaptive management and
monitoring (AMM)
Ammonia parkinsoniana, 267
AMP. See Azores Marine Park (AMP)
Anadyomene, 434
Andros barrier reef, 600-603
Andros Island, 600
Anguilla, 556
Anguilla anguilla, 512
Anguilla Bank, 552
Anguilla Fisheries Development Plan 2015-25,
561
Anguilla Marine Monitoring Programme, 556, 561
Animal forests, 292
Anoxia, Baltic sea, 89-90
Antarctic Krill Box Section, 36-38
Antarctic polar front, 813
Antarctic seas
benthic ecosystems, 14-19
continental shelf, 15
deep sea habitats, 15
nearshore shallow water habitats, 16—-19
climate change impacts, 19-20
freshening, 19-20
increased winds, 19
ocean acidification, 20
sea ice decline, 20
warming, 19
defined region
geography, 1
physical oceanography, 1-5
Ross and Weddell Sea gyres, 5
upwelling/downwelling, 5
human populations affecting
coastal erosion, 25
industrial or agricultural activities, 25-26
land-based pollution, 21-23
landfill, 25
marine-based pollution, 23-24
mining, 25
nutrients, 25-26
people, 21
persistent organic pollutants (POPs), 25-26
pollution hotspots, 26
radioactivity, 25-26
shipping accidents and other impacts, 24-25
management regimes
deficiencies and missing measures, 35
legal protective instruments, 32—34
protected areas, 34
protection and conservation measures, 3234
species, 34

natural environmental variables and
seasonality, 5-11
climate, 10-11
ice shelves and icebergs, 8—10
polar vortex and ozone hole, 11
sea ice, 7-8
pelagic ecosystems, 11-14
continental shelf region, 13—14
open ocean, 1213
seamounts, 14
seasonal sea ice zone, 13
prognoses, or needs, 35-38
resources
biological prospecting, 31
fisheries, 27-29
oil, gas and minerals, 29
threats to sustainable use of, 31-32
tourism, 29-30
whaling and sealing, 26
Antarctic Treaty system (ATS), 32
Anthropogenic impacts
Greenland
climate change, contaminant trends, 53
demography, 51
heavy metals, 52
persistent organic pollutants, 52-53
petroleum hydrocarbons, 53
pollutants, 51-52
polycyclic aromatic hydrocarbons, 53
shipping, 53-55
Portuguese coast, 197-200
climate change, 199-200
coastal erosion, 200
habitat loss, 200
non-native species, 199
pollution, 197-198
Anthropogenic marine debris (AMD), 689
APES. See Albemarle-Pamlico Estuarine
System (APES)
Aphrocallistes vastus, 369-370
Aquaculture, 323, 350, 393-394, 494
in Baltic sea, 105
in Canary islands, 494
in Chile coastal, 691-692
in coasts of Turkey, 323
in English Channel Aquaculture, 175b
in Greece, 236-237
in Italian seas, 301-302
in Mexican Pacific, 664—665
in Nigerian coastal zone, 846
in Northern West Coast of Canada, 350
in Norwegian coastal waters, 79-80

875



876 Index

Aquaculture (Continued)
in Patagonian Continental Shelf of Argentina,
801-802
in Senegalese coastal and marine
environment, 862
Aquifers, stress on, 412
Arbacia lixula, 292
Archaic endemic coral fauna, 815, 823
Arcuate Delta, 837
Argentinean-Uruguayan Common Fishing Zone
(AUCFZ), 718
Argentine Fishery System, 800
Argentine hake (Merluccius hubbsi), 774
Argentine shelf break zone (SB), 792-793
Argentinian coast, invasive species in, 768b
Argentinian National Council for Scientific and
Technical Research (CONICET), 775
Artificial radionuclides, 321
Artisanal fisheries, 732, 828-829
in Baltic sea, 104—105
in Canary islands, 493-494
in Chile coastal, 691-692
in Greece, 236
in Italian seas, 300-302
in Nicaragua (Caribbean Coast), 732
in Nigerian coastal zone, 846
in Northern Argentine Sea, 771-776
in Patagonian Continental Shelf of Argentina,
800
in Rio de la Plata (Uruguay), 717, 718f, 719
in Senegalese coastal and marine
environment, 862
Aspidosiphon muelleri, 512
ASW. See Adriatic surface water (ASW)
Atlantic blue marlin, 559
Atlantic Ocean, Southwestern
fisheries of, 771
rocky shores, 791
Atlantic Patagonia cold estuarine (CE), 792-793
Atlantic Water (AT), 51, 261-263
ATS. See Antarctic Treaty system (ATS)
AUCFZ. See Argentinean-Uruguayan Common
Fishing Zone (AUCFZ)
Avian species, 397
Avicennia germinans, 535, 644—645
Azorean basaltic hard shores, 505-507
Azorean shallow water, 509-510
Azores, 212, 486, 501
biological introductions, 516
coastal erosion, landfills, 514-515
defined region, 501-504
islands, cities and people, development and
change, 512-513
major shallow water marine and coastal
habitats and keystone biotas
Azorean basaltic hard shores, 505-507
mobile beach stones, 507
sandy beaches, 507
wetlands, 507
major shallow water marine and coastal habitats
and their keystone biotas, 505-507
marine-based pollution, 515
marine flora and fauna, 507-512
fishes, 512
harbors and marinas, 510-511

hard and soft shores, 509
Ilhéu de Vila Franca, 509
origins of Azorean shallow water and
pelagic biota, 509-510
sea birds, 512
wetlands, 510
marine litter, 515
natural environmental variables, 504-505
offshore systems, 512
protective and conservation measures,
management regimes and legal
instruments, 519-523
areas, habitats, and species, 519
marine protected areas, 520-521
seabirds, 519-520
wetlands, 521-523
resource
fisheries, 516-518
shark diving, 519
tourism, whale-watching, big game
fishing, and diving, 518
rural factors, 514
urban and industrial activities, effects from,
513-514
volcanic “pollution” hotspots, 515
Azores Marine Park (AMP), 520, 522-523

B
Back-reef communities, 627, 627f
The Bahamas
defined region, 591
environmental challenges and management
structure, 607-612
climate change and sea-level rise, 611-612
fishing and marine resource use, 610-611
national economics, tourism, and small
island development, 607-609
environmental history and land use change, 594
geology, physiography, 591-594
island development and population growth,
594-596
major shallow water marine and coastal
communities, 597-607
carbonate sand plains with submerged
aquatic vegetation, 604—-605
coral reefs, 600-603
mangroves, 599-600
standard classifications of marine and
estuarine communities, 597-599
tidal flats and oolite banks, 605-607
seasonality, currents, and natural
environmental variables, 596597
seasonal changes in coastal oceans, 596-597
tropical storms, rainfall, and natural
disasters, 597
Bahamas Environment Science and Technology
Commission, 607-608
Bahamas National Trust Act, 610-611
Bahamian archipelago, 591, 593f, 611
Bahia Blanca Estuary, 765
Bahia Paraiso, 23
Baltic sea
biogeochemical cycles, 96-98
C, N, and P cycling, 96-98

marine CO, system, 98
chemical pollution, 99-104
chemical munitions, 101-102
emerging pollutants, 100-101
metals and radioactivity, 102—103
nutrient inputs and eutrophication, 103—104
persistent organic pollutants, 100
habitats in, 94-96
physical setting, 85-94
anoxia, 89-90
baroclinic inflows, 89
barotropic inflows, 89
estuarine circulation, 87-88
hypoxia, 89-90
MBIs, stagnation and decreasing
frequency, 89
mean circulation, 91-92
mesoscale eddies, 91-92
mixing and upwelling, 92
oxygen dynamics, 89-90
sea ice, 93-94
sea level changes, 92-93
seiches, and tides, 92-93
thermal and haline stratification, 90-91
waves and storm surges, 93
resources
aquaculture, 105
commercial and artisanal fishing, 104—105
oil and gas, minerals, 105-106
tourism, 106
submarine groundwater discharge, 98-99
Banco Chinchorro reef, 642
Bank patch reefs, 627
Barcelona Convention, 302
Barnacles, 50, 343, 513
Barrens, of Italian seas, 292
Barrier-lagoon coastal complex, 835
Bathymetry, 567-569
Bay of Biscay
area description, 113
challenges, 143-145
issues, 144
climate change, 142143
sea level rise, 142-143
storm intensity, frequency, and duration, 143
conservation and status assessment, 138—142
ecosystem services, 140
environmental status assessment, 140-142
marine protection, 138—140
habitats and ecosystem components, 119-130
benthos, 123126
fishes, 126-127
mammals, 128-130
plankton, 119-123
seabirds, 127
human activities effects, 134-138
mercury, 137
metals, 134-136
oil spills, 137-138
organic pollutants, 137-138
populations, area, 130—134
building and maintenance, infrastructure,
133
extractive activities, 133
human settlements, 131132



industrial activities, 133
shipping, oil drilling, and transport, 133—134
seasonality and natural environmental
variables, 113-119
climate and teleconnection patterns, 113-116
oceanographic features, 116—119
BC Marine Conservation Atlas (BCMCA), 333
BCMCA. See BC Marine Conservation Atlas
(BCMCA)
Beaches, 554-556
Beach Protection Act, 562
Beach Protection Ordinance (1985), 562
Beach water quality, 471473
Belek SEPA, 326
Benthic algae, 604-605, 630
Benthic community, in Nigerian coastal zone, 841
Benthic ecology, 367-370
Benthic flora, 341-344
North and central coast of British Columbia,
341-344
Benthic habitats, 232-234, 792-793
in Chile, 679-682
coastal wetlands, 682
in Italian seas, 289
rocky shores, 679-681
rocky substrates, 232-233
sandy beaches, 681-682
seagrass meadows, 234
soft substrate habitats, 233-234
Benthos, 123-126, 162-163
Bermuda, 531
climate change impacts, 538
geography, topography, geological
description, 531
human populations affecting the area, 538-539
major coastal and shallow habitats, 533-535
management regimes, 542
natural environmental variables, seasonality,
533
resources, 539-541
Bermuda Exclusive Economic Zone (EEZ), 536
Bermuda petrel, 537
Bermuda Seamount, 536
Beroe ovata, 322, 322f
Big Corn Island, 727-728, 728f
Big game fishing, 518
Bight Program, 468-475
Bilateral fishing agreement, Senegal, 863
Biodiversity, 144
Aichi Biodiversity Target 6, 302
Chile, 683-684
conservation, national strategy effectiveness
for, 666-667
deep-sea ecosystems, 296
Greece, 230-231, 244
human activities, marine environment, 244
of Mediterranean marine ecosystems, 289
Mexican Pacific (MP), 666-667
Senegalese coastal and marine environment,
858-861
Biotoxins, in PCSA, 797-798
Bizerte Lagoon, 264-270
influence of ship ballasts, 270
toxic blooms in, 270
Black grouper, 540

spawning aggregation, 540
Black Sea, 307-309, 316
chemical oceanography, 309
climate change impacts, 214-216
air temperature rise and precipitations, 214
habitable area, shrinking, 214
pH change, 215
sea level rise (SLR) and erosion, 215
sea surface temperatures, 215
storms, 215-216
coastal and shallow habitats, 212-213
geography of, 209
geological description, 209, 307
human populations, area, 216-219
cities and people, 216
coastal hydrocarbons, 217
invasive species, 219
marine-based pollution, 216-217
open waters, oil pollution, 219
pollutants and pollution hotspots, 216-217
ships, pollution, 219
offshore systems, 213-214
physical oceanography and climate, 307-309
atmospheric circulation, 212
circulation characteristics, 211
physical features and freshwater
discharges, 211-212
prognoses or needs, 223
resources
fisheries, 220
oil and gas, 220
threats and management, 221-222
marine protected areas, 222
protection and conservation, 221-222
topography, of, 209
Blue crab, 384-385
Blue Flag Programme, 596
BMCZ. See Brazil-Malvinas-Falkland
Confluence Zone (BMCZ)
Boiler reefs, 531, 535f
Bortolus, Alejandro, 787b
Bosphorus Strait, 316
Bottlenose dolphins, 537
Bottom trawling fisheries, 800
Boughrara Lagoon, 277-278
Bowie Seamount, 339, 343
Brachiopods, 369-370
Brazil-Malvinas-Falkland Confluence Zone
(BMCZ), 762
Brevoortia aurea, 714
British Virgin Islands Protected Areas Systems
Plan 2007-17, 561
Buenos Aires Province, 771
coastal area of, 766-767
Burdwood Bank, 793
BVI yachting industry, 551f

C

Caicos Conch Farm (CCF), 633

CalSQG. See Canadian interim sediment
quality guideline (CalSQG)

California Current, 345, 465, 743

CAMLR Convention, 32-33

Canadian Fisheries Act, 353, 370

Index 877

Canadian interim sediment quality guideline
(CalISQG), 581
Canarian archipelago, 483, 485-487, 490, 494,
496
Canarian marinas, 493
Canary islands
climate change impacts, 490
geography, topography, geological
description, 483
human populations affecting the area,
490-493
coastal development, 493
organic, inorganic, haline, and thermal
point source pollution, 491-492
pressure on coastal ecosystems in,
490-491
human pressure, 485
major coastal and shallow habitats, 486—-489
management regimes, 495
marine protected areas, 495
natural environmental variables, 486
volcanic eruptions and stochastic events, 486
offshore systems, 489-490
Pelagic Region, 489
seamounts, 489-490
physical oceanography, 483-485
prognoses and needs, 495-496
resources
aquaculture, 494
fisheries, artisanal, and industrial, 493-494
Canary upwelling ecosystem (CUE), 858
Cape Hatteras National Seashore, 416
Carbonate dissolution, 637
Carbonate sand plains with submerged aquatic
vegetation, 604—605
Carbonate sediments, Brazil coral reef, 813
Carcharhinus plumbeus, 325-326
Caretta caretta, 519
Caribbean Development Bank, poverty
assessment by, 621
Caribbean mangrove wetlands, 553-554
Caribbean Spiny Lobster, 561
Caribbean Surface Water (CSW), 640-641
Cathorops spixii, 580
CBD. See Convention on Biological Diversity
(CBD)
CCE. See Caicos Conch Farm (CCF)
CCFZ. See Clarion-Clipperton Fracture Zone
(CCFZ2)
CECs. See Constituents of emerging concern
(CECs)
CEF. See Cell of ecosystem functioning (CEF)
CEFAS. See Centre for Environment Fisheries
and Aquaculture Science (CEFAS)
Cell of ecosystem functioning (CEF), 298
Central region of the Mexican Pacific (CMP), 659
Centre for Environment Fisheries and
Aquaculture Science (CEFAS), 559
CERP. See Comprehensive Everglades
Restoration Plan (CERP)
CFP. See Common Fishery Policy (CFP)
Channel reefs, 627
Chapeiroes, 815
Charadrius alexandrinus, 521-522
Charonia lampas, 509-510



878 Index

Chemical oceanography
Aegean Sea, 312
Black Sea, 309
Eastern Mediterranean Sea, 313
Marmara Sea, 310
Chernobyl accident, 246
Chesapeake Bay
defined region, 379
flora and fauna, 384-385
fisheries, 384-385
native species assemblages, 384
human and natural drivers of change, 386-399
climate change impacts, 394-399
human pressures, 386-394
major coastal and shallow habitats, 379-384
coastal wetlands, 383
oyster reefs, 383-384
managing, 399-400
Chiapaneco subsystem, 660
Chicxulub Crater, 445
Chile, 694
artisanal and industrial fisheries and
aquaculture, 691-692
benthic habitats, 679-682
coastal wetlands, 682
rocky shores, 679-681
sandy beaches, 681-682
biodiversity and biogeography, 683—-684
climate, 675
geography and topography, 673
geological description, 673
human activities
artificial structures, 685-686
coastal human populations and economic
activities, 684685
industries, mining, and wastewaters, 687—-688
management and conservation, 692-694
conservation, 693-694
fisheries management, 692—-693
pelagic productivity, 676-679
physical oceanography, 675-676
shipping, transfer, and invasive species,
690-691
urbanization and coastal land reclamation,
686687
agriculture and forestry, land use, 687
waste management and plastic litter, 688—-689
Chl a, spatial variability of, 712
Chthamalus stellatus, 513
CIL. See Cold intermediate layer (CIL)
Circumpolar Arctic Vegetation Map, 47f
Clarion-Clipperton Fracture Zone (CCFZ), 665
Classification of Marine and Estuarine
Community Standard (CMECS), 599
Clibanarius erythropus, 512
Climate, 338, 570-571
in Antarctic seas, 10-11
in Black sea, 211-212
in Greenland, 47
in Italian seas, 288
in Mexican Caribbean coast, 639-641
in Nicaragua (Caribbean Coast), 725-727
in Nicaragua (Pacific Coast), 745
in Nigerian coastal zone, 838-839
in Northern Argentine Sea, 759-761

in Norwegian coastal waters, 71
in Patagonian Continental Shelf of Argentina,
785-786
in Trinidad and Tobago, 570-571
Climate change, 347, 371, 611-612
in Antarctic seas, 19-20
in Bay of Biscay, 142143
in Bermuda, 538
in Black sea, 214-216
in Canary islands, 490
in coral reef province, Brazil, 826
ecosystem and species responses to, 396-399
in English Channel, La Manche, 164-166
in Greece, 242-244
in Greenland, 53
in Gulf of Mexico (GOM), 452-453
in Italian seas, 298-299
in Mexican Caribbean coast, 647—648
models, 461
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Act (CEMA) of 2014, 562
Conservation and Fisheries Department, 555
Conservation of Wildlife Act, 573
Constituents of emerging concern (CECs), 470
Contaminants of emerging concern (CECs),
100-101
Continental shelf, 15, 761-762
Antarctic seas, 15
of Argentina, 783-785, 792-794, 802, 804-806
benthic communities, 192—-194
of Central America, 725

Greenland, 55
Mexican Caribbean coast, 637
Northern Argentine Sea, 759, 761-762
of Pacific, 363
of pelagic habitat, 11-12
Southern California Bight, 465, 476
Convention on Biological Diversity (CBD),
302, 542,719
Aichi Target 11 of, 694
Coordinated spatial planning, 144
Copepod species, 860
Coral bleaching, 538
in coral reef province, Brazil, 826
Coral diseases, 534
Coralligenous facies, 325
Coral/octocoral-dominated sparse hard-bottom,
628
Coral reef province, Brazil, 813-815
climate changes impacts
sea-level rise, 826
temperature warming and coral bleaching,
826
coastal runoff and urban development, 827-828
Conservation Units, 829
ecosystems
mangroves, 824-825
seagrasses, 825-826
geological evolution of, 822—-823
human population effects, 827-829
coastal runoff and urban development,
827-828
fisheries, artisanal, and industrial, 828-829
marine tourism and organisms
overexploitation, 828
marine tourism and organisms
overexploitation, 828
physical environment, 813-815
protection and management, 829
reef system
builders of, 823-824
geological evolution of, 822—-823
regions of, 816-822
research history on, 815
regions of, 816-822
research history on, 815
sedimentary facies, 813
temperature warming and coral bleaching,
826
Coral reefs, 434-439, 556-558, 591, 600-603,
602f, 745
of Anguilla, 556
fisheries, 437
global climate change, impacts of, 439
in Mexican Caribbean coast, 641-643
flattening and mitigation/restoration, 6435
in Nicaragua (Caribbean Coast), 727
degradation and destruction of, 733
threats and management, 737-738, 738¢
in South Florida, 436-437
threats and management, Nicaragua
(Caribbean Coast), 737-738, 738¢
in Tobago, 576, 576f
Todos Os Santos Bay, Brazil, 8195
of Turks and Caicos Islands, 626-628
Coral restoration, 4365

Index 879

Coriolis effect, 191

Corn Islands, 727-728, 728f

COSEWIC. See Committee on the Status
of Endangered Wildlife in Canada
(COSEWIC)

Coupled Model Intercomparison Project Phase
5 (CMIPS), 794

Crassostrea gigas, 801

Crassostrea rhizophorae, 580

CSW. See Caribbean Surface Water (CSW)

CUE. See Canary upwelling ecosystem (CUE)

Cukurova Delta, 317

Cymodocea meadows, 487489

Cymodocea nodosa, 487-489, 488f, 493

Cyprinus carpio, 714

Cystoseira abies-marina, 487f

Cystoseira amentacea, 290, 290f

Cystoseira species, 290, 314

D
Darien ridge, 567
Darien rock, 567
Dark Spot Disease, 735-737
Debris, 473-475
DECR. See Department of Environment and
Coastal Resources (DECR)
Deep demersal resources, Senegal, 861
Deep fore reefs, 641
Deep habitats, 344
Deep hydrothermal vents, in Italian seas, 297
Deep reef resources/escarpments, 630
Deep sea, 577
ecosystems, 296-297
habitats, 15
Deep-water coral banks, in Italian seas, 296
Deep-water formation, in Italian seas, 283
Deepwater Horizon (DWH), 456
oil spill, 59, 4560
DEHS. See Department of Environmental
Health and Safety (DEHS)
Delphinus delphis, 537
Department of Environmental Health and
Safety (DEHS), 608
Department of Environment and Coastal
Resources (DECR), 631
Department of Fisheries and Marine Resources,
554-555
Derelict pots, 391-392
Dermochelys coriacea, 573
Development-related ponds, spatial distribution
of, 414
Diadema africanum, 488f
Diadema antillarum, 556
Dicentrarchus labrax, 491
Diploria-Montastrea-Porites, 603
Direct anthropogenic impacts
Italian seas, 299-300
Ditrupa arietina, 512
Diversity, climate change impacts, 164—165
Dome-shaped/lagoonal/channel patch reefs, 628
Douglas Channel, 338
Downwelling, Antarctic seas, 5
Dry Tortugas region, 438
Dust, in PCSA, 798-799
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E
Earthquakes, 335-337
North and central coast of British Columbia,
335-337
Eastern Boundary Upwelling Systems (EBUS),
191
Eastern Mediterranean Sea, 312-313
chemical oceanography, 313
geographic setting, 312
geological description, 312
physical oceanography, 312-313
Eastern Mediterranean Transient (EMT), 230
EBUS. See Eastern Boundary Upwelling
Systems (EBUS)
“Ecological Mirages Hypothesis” concept, 787
Ecosystem-based management, 438, 440
Ecosystem functioning, Italian seas, 297-298
Ecosystem models, 461
Eelgrass habitats, 342
EFZ. See Exclusive fisheries zone (EFZ)
EIA Act No. 86 of 1992, 846
Ekman transport, 191
El Nino-Southern Oscillation (ENSO) effects,
420
Emerald shoal, 567
EMT. See Eastern Mediterranean Transient
(EMT)
Endeavour Ridge, 373
English Channel Aquaculture, 1756
English Channel Fisheries, 172b
English Channel, La Manche, 157-160
characteristics
geography, 153-155
geological description, 153-155
natural environment, 155-157
physical oceanography, 155
topography, 153—155
climate change impacts, 164—166
diversity changes, 164—165
productivity changes, 165-166
sea level changes, 164
seawater temperature changes, 164
coastal and shallow habitats, 157-160
estuaries, Rias and Havre, 159-160
kelp forests, 159
Maerl beds, 158
Sabellaria reefs, 158
seagrass beds, 158—159
deficiencies and missing measures, 182
governance, 178-179
human populations, area, 166—171
cities and people, 168
development, economics, and change, 168
Green Tide Case, 169-170
input of nutrients, 169—-170
land-based pollution, 168
marine-based pollution, 168—169
non-native species, 170-171
nuclear power plants, 171
pollution hotspots, 168—169
rural factors, 169-170
shipping accidents, 170
wind and tidal turbines, 170
marine aggregate extraction, 1760
marine protected areas, 179-182

needs and prognoses, 182183
offshore systems, 160-163
benthos, 162—-163
megafauna, 163
phytoplankton, 160161
zooplankton, 161-162
resources, 171
tourism, 171
Engraulis encrasicolus, 321
ENP. See Everglades National Park (ENP)
Environmental degradation
sources of, 409-412
tourism industry and, 560
Environmental Health Services Act, 608
Environmentally Sensitive Areas Rules, 586
Environmentally Sensitive Species Rules, 586
Environmental Management Act of 2000, 586
Environmental Protection Act, 562
The Environment and Natural Resources Law
(Law 217 amended 2008/647), 753754
Environment Protocol, 33
Ephemeral islands, 623-624
Epinephelus guttatus, 540
Epinephelus marginatus, 519
Ervilia castanea, 507
Escondido River, 727
Estero Padre Ramos, 747
Estuaries, 841
English Channel, La Manche, 159-160
habitats, Greece, 236
Nicaragua (Pacific Coast), 745-747
Nigerian coastal zone, 841
Estuarine communities
standard classifications of, 597-599
Turks and Caicos Islands, classifications of,
623-624
Etages, 157
EU Marine Strategy Framework Directive
(MSFD), 325
Eutrophication, 399, 514
Coasts of Turkey, 315-316
human activities, marine environment, 246248
North and South Carolina coasts, 417-420
EU Water Framework Directive (WFD), 325
Everglades National Park (ENP), 431-432
Everglades restoration program, 434
Exclusive economic zone (EEZ), 459, 531,
541-542, 567
Exclusive fisheries zone (EFZ), 558
Exotic species, 350
aquatic, 7167
Northern West Coast of Canada, 350
Exxon Valdez oil spill, 59

F
Farming
in Nicaragua (Caribbean Coast), 730-731
Oyster, 776
Salmon, 691
Shrimp, 732
Fauna habitats, 341-344
North and central coast of British Columbia,
341-344
Faunal communities, 487

Fecal bacteria, 413415
Fecal indicator bacteria (FIB), 471
Federal Fisheries Council, 800
Plans of Action, 801
Federal Secretariat of the Environment and
Natural Resources (SEMARNAT),
666-667
FEE. See Foundation for Environmental
Education (FEE)
Finfish, 408-409¢
aquaculture of, 373
First Nations Health Authority, 355
Fisheries, 348-351, 384-385, 493-494,
577-578, 610-611, 750
in Antarctic seas, 27-29
in Azores, 516-518
in Black sea, 220
in Canary islands, 493-494
in Coasts of Turkey, 321-322
in Common Fishing Zone (ZCP), 772
in coral reef province, Brazil, 828-829
in English Channel Fisheries, 1725
in Exclusive Economic Zone (EEZ) and
Buenos Aires Province, 772
and fishing activity, 558-559
in Greece, 236
in Greenland, 55-56
Grouper fishery, 647
Hake fishery, 800
Hoki fishery, 800
in Italian seas, 300-302
Lobster fishery, 733
management and regulations of, 437438
in Mexican Caribbean coast, 647
in Mexican Pacific, 664—665
in Nicaragua (Caribbean Coast), 730-733
management challenges, 735-737, 735t
in Nigerian coastal zone, 846
in Northern West Coast of Canada, 351
in Norwegian coastal waters, 78-79
in Patagonian Continental Shelf of Argentina,
794
conservations measures, 800-801
industrial fishery, 799-800
semi-industrial and artisanal fisheries, 800
sustainable use of resources, to threats, 800
in Rio de la Plata (Uruguay), 717-718, 772
in Rio Negro Province, 774
in Senegalese coastal and marine environment
access to resources, 862—-863
exploitation of, 861-862
impacts of, 867
in Southwestern Atlantic Ocean, 771
in Trinidad and Tobago, 577-578
in Turks and Caicos Islands, 631-633
Fisheries Act, 353, 562, 585-586
Canadian Fisheries Act, 353, 370
Nigerian Sea Fisheries Act No. 71 of 1992, 846
Fisheries legislation, 561-562
Fisheries management, 372
challenges, 735-737, 735t
in Chile coastal, 692-693
Fisheries products
exports of, 771, 772t
processing and commerce of, 775



Fisheries Protection Ordinance, 632
Fisheries Resources Act (1977), 608—-609
Fisheries systems science framework, 438
Fishery and Aquaculture Law No. 18 892
(1991), 692
Fishes, 512, 751-752
aggregations of, 494
coastal pelagic fishes, 860
habitats and ecosystem components, Bay of
Biscay, 126-127
Fishing
Big game fishing, 518
Mexican Pacific (MP), 664-665
production in Mexico, 458
sport fishing, 647
sustainable fishing, 144
The Fishing and Fish Farming Law (2004/Law
489), 753
Fjords, 18
FKNMS. See Florida Keys National Marine
Sanctuary (FKNMS)
Floods, in Senegal, 864
Florida coral reef fisheries, 437
Florida Everglades watershed, 427—429
Florida Keys National Marine Sanctuary
(FKNMS), 436-437
Florida Marine Fishery Commission, 437
Florida Reef Tract (FRT), 427
reef communities of, 434-435
Florida seagrass beds, 433
Food and Agriculture Organization (FAO)
statistics, 577
Forest clearance, in Nigerian coastal zone, 844
The Forestry Conservation and Sustainable
Development (2003/Law 462), 753
Foundation for Environmental Education
(FEE), 596
Fourth National Climate Assessment, 452
Freshwater, 427-429, 430f
Freshwater discharges
of Black Sea, 211-212
of Greenland, 49
of Italian seas, 288
of Nicaragua (Caribbean Coast), 727
of Nicaragua (Pacific Coast), 745
of Nigerian coastal zone, 839
of Norwegian coastal waters, 71
of Patagonian Continental Shelf of Argentina,
786
Fringing reef systems, 629-630
near-shore, 627
FRT. See Florida Reef Tract (FRT)

G

Galecerdo cuvier, 536
Gallinula chloropus correiana, 510
Gas, 351-353
in Antarctic seas, 29
in Baltic sea, 105-106
in Black sea, 220
in Greenland, 58-59
in Italian seas, 302
in Nicaragua (Caribbean Coast), 733
in Nicaragua (Pacific Coast), 752

in Norwegian coastal waters, 8081
in Patagonian Continental Shelf of Argentina,
802
GCRMN. See Global Coral Reef Monitoring
Network (GCRMN)
Gediz River, 315
Gemma gemma, 397
General Fisheries Commission for the
Mediterranean (GFCM), 303
The General Tourism Law (amended 2010/724),
754
GenX, 412
Geography
of Antarctic seas, |
of Bermuda, 531
of Black Sea, 209
of Canary islands, 483
of Chile, 673
of English Channel, La Manche, 153155
of Greece, 227
of Italian seas, 283
of Nicaragua (Caribbean Coast), 725
of Nicaragua (Pacific Coast), 743
of Northern West Coast of Canada, 333
of Norwegian coastal waters, 69—71
of Rio de la Plata (Uruguay), 703
Geological description
of Bermuda, 531
of Canary islands, 483
of Italian seas, 283
of Mexican Caribbean coast, 637-639
of Nigerian coastal zone, 835-837
of Northern West Coast of Canada, 333
of Rio de la Plata (Uruguay), 703
Geomorphology, Nigerian coastal zone, 835-837
GFCM. See General Fisheries Commission for
the Mediterranean (GFCM)
Ghar El Melh Lagoon, 271-274
GHG. See Nicaragua Greenhouse Gas (GHG)
Glaciation, 337-338, 363-366
North and central coast of British Columbia,
337-338
Global climate change, Coastal Marine
Ecosystem of South Florida
coral reefs, 439
mangroves, 438
seagrasses, 439
Global climate models (GCM), 570
Global Coral Reef Monitoring Network
(GCRMN), 829
Global warming, 144, 298-299
Goksu Delta SEPA, 326
GOM. See Gulf of Mexico (GOM)
Government of The Bahamas (GoB), 594
Graded reefs, 557
Grand Turk, 620-621
Great Bahama Bank of the Northwestern
Andros Island, 605-607
Great Bear Rainforest, 354
Greece
biodiversity, 230-231
climate change impacts, 242-244
deficiencies and missing measures, 254-256
geography of, 227
geological description, 227
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habitats, 231-236
benthic habitats, 232-234
estuaries and river deltas, 236
pelagic habitats, 231-232
seamounts, 234-235
human activities, Hellenic seas, 240-242
economics and coastal development,
240-242
maritime transport, 242
human activities, marine environment
biodiversity changes, 244
coastal erosion, 249
eutrophication, 246-248
industrial effluents, 245-246
landfill and mining, 249
marine litter, 248-249
nonindigenous species introduction,
244-245
pesticides and radioactivity, 245-246
pollutants, 245-246
pollution, 245
pollution hotspots, 246
management regimes
legal framework, 250-252
marine protected areas, 252
protected species, habitats, 253-254
protective measures, 250-252
natural environmental variables, 230
physical oceanography, 227-230
prognoses, 254-256
resources
aquaculture, 236-237
artisanal, 236
fisheries, 236
hydrocarbons, 238-239
industrial, 236
marine mining, 240
tourism, 240
seasonality, 230
threats, use of resources, 250
topography of, 227
Greenland
anthropogenic impacts (see Anthropogenic
impacts, Greenland)
climate and weather, 47
coastal habitats, 49-50
freshwater discharges, 49
ice conditions, 48-49
management regimes, 60—63
protected areas, 61-62
protected species, 63
ocean currents, 45-47
offshore ecosystems, 50-51
resources
fisheries, 55-56
hunting, 56-58
mines, 59-60
oil and gas, 58-59
tourism, 60
shallow habitats, 49-50
Green Tide Case, 169-170
Grijalva-Usumacinta River System, 447
Groundwater pollution, 647
Grouper fishery, 647
Guanabara Bay, Brazil, 825
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Guana Island, 558
Gulf of California (GC), 657-659
Gulf of Gabes, 263-264
Gulf of Guinea, coastal upwelling in, 838
Gulf of Mexico (GOM)
climate change and impacts, 452453
defined region, 445
human populations affecting the area, 453456
major coastal and shallow habitats, 449
management regimes, 459—460
natural environmental variables and
seasonality, 445-449
offshore systems, 451
resources, 457-459
Gulf of Tehuantepec, 660
Gulf of Tunis, 261-263

H
Habitats Directive, Italian seas, 303
Hake fishery, 800
Halicryptus spinulosus, 95
Haline pollution, 491-492
Halodule wrightii, 434
Halophila stipulacea, 556
Hamilton Declaration, 542
Harbors, 510-511
Hard-bottom communities, 434435, 628
Hard clam, 393-394
Hard shore, 509
Harmful algal blooms (HABs), 267, 350-351,
417-418, 797-798
Northern West Coast of Canada, 350-351
Hatchery trials, 801
Havre, La Manche, 159-160
HCS. See Humboldt Current System (HCS)
Heavy metals, 52, 844-845
Hellenic seas, 231
human activities, 240-242
economics and coastal development,
240-242
maritime transport, 242
Helsinki Commission (HELCOM), 99-100
HF183 marker, 471
High-relief spur-and-groove communities, 629,
629f
Hoki fishery, 800
Holbox Lineament Zone, 637
Holocene littoral drift, PCSA, 785
Hong Kong Nicaragua Development (HKND)
Group, 731
Horizontal territorial displacement, PCSA, 785
Horseshoe reef complex, 557
Human activities
effects, Bay of Biscay, 134-138
mercury, 137
metals, 134-136
oil spills, 137-138
organic pollutants, 137-138
Hellenic seas, Greece, 240-242
economics and coastal development,
240-242
maritime transport, 242
marine environment, Greece
biodiversity changes, 244

coastal erosion, 249
eutrophication, 246248
industrial effluents, 245-246
landfill and mining, 249
marine litter, 248-249
nonindigenous species introduction, 244-245
pesticides and radioactivity, 245-246
pollutants, 245-246
pollution, 245
pollution hotspots, 246
Human fecal influence, rate of, 471-472
Human-induced beach erosion, 515
Human populations
Antarctic seas
coastal erosion, 25
industrial or agricultural activities, 25-26
land-based pollution, 21-23
landfill, 25
marine-based pollution, 23-24
mining, 25
nutrients, 25-26
people, 21
persistent organic pollutants (POPs), 25-26
pollution hotspots, 26
radioactivity, 25-26
shipping accidents and other impacts, 24-25
Bermuda, 538-539
Black sea, 216-219
cities and people, 216
coastal hydrocarbons, 217
invasive species, 219
marine-based pollution, 216-217
open waters, oil pollution, 219
pollutants and pollution hotspots, 216-217
ships, pollution, 219
Canary islands, 490-493
Chile, 684-685
coasts of Turkey, 315-321
coral reef province, Brazil, 827-829
English Channel, La Manche, 166-171
cities and people, 168
development, economics, and change, 168
Green Tide Case, 169-170
input of nutrients, 169170
land-based pollution, 168
marine-based pollution, 168—169
non-native species, 170171
nuclear power plants, 171
pollution hotspots, 168—169
rural factors, 169-170
shipping accidents, 170
wind and tidal turbines, 170
Gulf of Mexico (GOM), 453-456
Mexican Caribbean coast, 645
Northern West Coast of Canada, 347-351
Rio de la Plata (Uruguay), 709-716
Senegalese coastal and marine environment,
863-867
Southern West Coast of Canada, 371
Human pressures, 386-394
Humboldt Current System (HCS), 673,
675-676, 678-679, 689
Humility, 461
Humpback whales, 537
Hunting, Greenland, 56-58

Hurricanes, TCI, 621-622, 622-623f
Hydrobates monteiroi, 512
Hydrocarbon pollution, 796
in Greece, 238-239
in Mexican Caribbean coast, 647
in Nigerian coastal zone, 844—845
The Hydroelectric Promotion Law (amended
2005/Law 531), 753
Hydrological oceanography, of Rio de la Plata
(Uruguay), 703-706
Hydrothermal vents, 512
Hypoxia, 420, 453, 455b
Baltic sea, 89-90

Ice conditions, Greenland, 48-49
Ice habitats, 16
Ice melt, of Italian seas, 298-299
Ilhéu de Vila Franca, 509
Tllegal, unreported, and unregulated (IUU)
catches, 775
IMO. See International Maritime Organization
(IMO)
Inadequate waste treatment infrastructure, 413
Independenta, crude oil carrier, 316
Independent International Accords, 34
Indo-pacific lionfish, 650
Industrial activities, 315-316
Antarctic seas, 25-26
Bay of Biscay, 133
effects from, 513-514
Industrial effluents, marine environment, 245-246
Industrial fisheries, 732
in Canary islands, 493-494
in Chile coastal, 691-692
in Coral reef province, Brazil, 828-829
in Greece, 236
in Italian seas, 300-302
in Nicaragua (Caribbean Coast), 732
in Nigerian coastal zone, 846
in Northern Argentine Sea, 771-776
Patagonian Continental Shelf of Argentina,
799-800
in Rio de la Plata (Uruguay), 718-719
semi-, 800
in Senegalese coastal and marine
environment, 862
Industrialized swine and poultry production, 410
Industrial minerals, PCSA, 802
Industries
BVI yachting industry, 551f
in Chile, 687-688
Marine-oriented tourism industry, 576-577
Mussel aquaculture industry, 691
Infrastructure
Bay of Biscay, 133
Coastal artificial infrastructures, Chile, 685-686
inadequate waste treatment infrastructure, 413
Inorganic pollution, 491-492
INPs. See Island Nature Parks (INPs)
Institute of Marine Affairs (IMA), 573
Insular coral reefs, 642
Integrated Coastal Zone Management Policy
Framework, 586



International instruments, 145
International Maritime Organization (IMO), 34
International Union for Conservation of Nature,
459
Intertidal habitats
nearshore shallow water habitats, 18—19
soft bottom intertidal habitats
Patagonian intertidal “eco-piles,”, 791
rocky shores, 791
salt marshes, 786789
Intertropical Convergence Zone (ITCZ), 640-641
Invasive reef-building polychaete (F.
enigmaticus), 769
Invasive species, 144, 392-393
in Argentinian coast, 7685
in Black Sea, 219
in Chile, 690-691
Invasive upland species, 433
Isla Grande de Tierra del Fuego, 785-786
“Island arc system,” 551-552
Island Nature Parks (INPs), 522-523
Islands
cities and people, development and change,
Azores, 512-513
development and population growth, The
Bahamas, 594-596
in Nicaragua (Caribbean Coast), 727-729
Isolated resource-based communities, 354
Isosticopus badionotus, 541
Italian seas, 283
climate change impacts, 298-299
sea-level rise, temperature rise, pH
changes, storms, ice melt, 298-299
coastal and shallow habitats, 289-295
contamination, 300
direct anthropogenic impacts, 299-300
contamination, 300
geography of, 283
geology of, 283
major coastal and shallow habitats, 289-295
algal forests, 290
animal forests, 292
barrens and trophic downgrading, 292
bioconstructions, 290-291
marine caves, 291
Posidonia meadows, 289-290
soft bottoms, 293-294
transitional waters, 294-295
natural environmental variables, seasonality,
288
climate, freshwater discharges, 288
offshore systems
ecosystem functioning, 297-298
pelagic domain, 295-297
pH changes in, 298-299
physical oceanography of, 283-288
Adriatic Sea, 285-286
Tyrrhenian Sea, 285-286
resources, 300-303
clean-up, habitat restoration/success
stories, 303
fisheries, artisanal, and industrial, 300-302
protection and conservation measures,
legal protective instruments, 302-303
topography of, 283

ITCZ. See Intertropical Convergence Zone
(ITCZ)

Iva frutescens, 397

IXTOC oil spill, 460

Izmir Bay, 315-316, 324f

Izmit Bay, 316

J

Jellyfish blooms, 322
Joulter Cays, 600, 604-605, 604f
Juvenile salmon, 345

K
Kelp (Undaria pinnatifida), 769
Kelp-dominated subtidal habitats, 680-681
Kelp forests, 71-73, 159

English Channel, La Manche, 159
Koppen-Geiger classification, 115

L

Labor-intensive process, 394
Lagoons, in Nicaragua (Caribbean Coast), 729
Laguncularia racemosa, 644—645
La Manche. See English Channel, La Manche
Laminaria hyperborea, 71-72
Land-based pollution
Antarctic seas, 21-23
coasts of Turkey, 315-316
English Channel, La Manche, 168
in Greece, 245
Nigerian coastal zone, 842843
Patagonian Continental Shelf of Argentina
(PCSA), 795
river, 315-316
Landfilling, 25, 249
human activities, marine environment, 249
in Nigerian coastal zone, 843844
Land modification, 386-388
Law of Environmental Impact Assessment, 719
The Law on Crimes against the Environment
and Natural Resources (2005/559),
753
The Law Prohibiting Logging (2006/585), 753

Law to Promote Renewable Resource Electricity

Generation (2005/Law 532), 753
Leatherback turtle, 573
Legal protective instruments
Antarctic seas, 32-34
Italian seas, 302-303
Nigerian coastal zone, 849
Les marées vertes en Bretagne, 144
Lesser Antilles, 552
Levantine Sea, 314
Linear/bank patch reefs, 628
Lionfish, 6505
Litter Act, 586
Little Corn Island, 727-728, 728f
Lobster fishery, 733, 752
Logging and fishing, Northern West Coast of
Canada, 348-350
Longshore drift, of Nigerian coastal zone, 838
Longtail tropicbird, 537
Lophelia pertusa, 73
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Low-relief spur-and-groove communities, 630
Lucayan habitation, 620
Ludington, Fritz, 620

M
Macroalgal habitats, 17-18
Macroalgal taxa, 433
Macrozoobenthic community case, in Bodo
Creek, 849b
Mierl, 489
Mierl seabeds, 158, 489
English Channel, La Manche, 158
Mabhin transgressive mud coast, 835-837
Makaira nigricans, 559
Mammals, 128-130
Management and Exploitation Areas for
Benthic Resources (AMERBS), 692
Management Effectiveness Tracking Tool
(METT), 804
Management Plan legal framework, 693
Mangrove communities, 597, 599-600
Mangrove restoration trials, in Ogoniland,
840b
Mangroves
coastal habitats, 431-433
and shallow habitats, Nicaragua (Pacific
Coast), 745-747
and shallow water, UKOTsS in Northeast
Caribbean, 553-554
degradation, in Senegalese coastal and marine
environment, 865-8661, 867, 8681
ecosystems, coral reef province, 824-825
global climate change, impacts of, 438
in Mexican Caribbean coast, 644—-645
in Nicaragua (Caribbean Coast), 729
degradation and destruction of, 733
in Nigerian coastal zone, 839
of Turks and Caicos Islands, 624-626
Mangrove swamps, 573
Mangrove Trimming and Preservation Act
1996, 432
Mar Chiquita coastal lagoon (MCCL), 762-763,
762f, 763b
Mariculture, in Northern Argentine Sea, 776
Marinas, 510-511
Marine Areas Act of 1970, 582-585
Marine-based pollution, 316-317, 515
Antarctic seas, 23-24
Black Sea, 216-217
English Channel, La Manche, 168—169
in Greece, 245
in Nigerian coastal zone, 843
Patagonian Continental Shelf of Argentina,
795-796
Marine caves, 291
Marine communities
standard classifications of, 597-599
Turks and Caicos Islands, classifications of,
623-624
Marine conservation, 693-694
Marine debris, 350, 391
Northern West Coast of Canada, 350
Marine Ecosystem Restoration in Changing
European Seas (MERCES), 303
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Marine environments
contaminant levels in, 580-581
human activities, Greece
biodiversity changes, 244
coastal erosion, 249
eutrophication, 246248
industrial effluents, 245-246
landfill and mining, 249
marine litter, 248-249
nonindigenous species introduction,
244-245
pesticides and radioactivity, 245-246
pollutants, 245-246
pollution, 245
pollution hotspots, 246
Senegalese coastal and, 855-861, 863—-867
biodiversity, 858-861
climate change, 863
defined region, 855-857
environment, 857-858
fisheries resources, 861-863
habitats, 857
human population, 863-867
management regimes, 867-871
map of, 856/
Marine flora and fauna, Azores
fishes, 512
harbors and marinas, 510-511
hard and soft shores, 509
I1héu de Vila Franca, 509
origins of Azorean shallow water and pelagic
biota, 509-510
sea birds, 512
wetlands, 510
Marine litter, 248-249, 515
human activities, marine environment, 248-249
Marine mining, 240, 665
in Greece, 240
Marine nearshore classifications, 599
Marine organisms, pollutant levels in, 580
Marine-oriented tourism industry, 576577
Marine Park Management Plan 2015-25, 561
Marine pollution, in Senegal, 864—-867, 8681
Marine Pollution Ordinance, 632
Marine protected areas (MPAs), 144, 610
of Azores, 520-521
of Black sea, 222
of Canary Islands, 495
of Chile, 693-694, 693f
English Channel, La Manche, 179182
of English Channel, La Manche, 179-182
of Greece, 252
of Italian seas, 290-291, 303
Mexican Pacific (MP), 657f
of Senegal, 869-870, 869/
of UKOTs in Northeast Caribbean, 560-561
Marine resources, 610-611
Northern West Coast of Canada, 351-353
use in TCI, 632-633
Marine Strategy Framework Directive (MSFD),
303, 495, 520
Marine tourism, in coral reef province (Brazil),
828
Maritime transport, 242
Marmara Sea, 310

chemical oceanography, 310
geological description, 310
physical oceanography, 310
Marthasterias glacialis, 509-510
Matagalpa River, 727
MCMR. See Miskito Coast Marine Reserve
(MCMR)
MCPA. See Miskito Coast Protected Area (MCPA)
MCZ. See Montevideo Coastal Zone (MCZ)
Mediterranean Basin, in Italian seas, 296
Mediterranean deep-water corals, in Italian
seas, 296-297
Mediterranean monk seal, 255b
Mediterranean Sea, 313
Medium chain chlorinated paraffins (MCCP), 75
Medium-sized macrophytes, 505
Medjerda River Delta, 274-277
Megafauna, 163
Megaptera novaeangliae, 537
MERCES. See Marine Ecosystem Restoration
in Changing European Seas (MERCES)
Mercury, 137, 144
Merluccius hubbsi, 800
Merluccius merluccius, 321
Mesophotic coral ecosystem (MCE), 533-534
Mesophyllum, 314
Mestizo migrants, 730731
Metallic minerals, 802
Metal pollution, 797
Metals, 319-320
Bay of Biscay, 134-136
atmospheric depositions, 135
continental shelf and slope, 135
estuaries, 135-136
mercury, 137
heavy metals, 52, 844-845
and radioactivity, 102—-103
trace metals, 580581
METT. See Management Effectiveness
Tracking Tool (METT)
Mexican Caribbean coast, 637-639, 649
anthropogenic and climate change
disturbances, 647
climate and physical oceanography, 639641
climate change impacts, 647-648
defined region, 637-639
geology of, 637-639
groundwater pollution, 647
habitats of, 641-645
coral reefs, 641-643
mangroves, 644—645
seagrasses, 644
human populations in, 645
management regimes
national legislation, 648
natural protected areas, 648
natural environmental variables and
seasonality, 639-641
natural protected areas, 648
physiographic and geological description,
637-639
physiography, 637-639
resource use, 645-647
fisheries, 647
tourism, 645-646

Mexican Pacific (MP), 655-660
biodiversity conservation, national strategy
effectiveness for, 666—667
coastal and marine protected areas, 657f
demographic trends and economic activities,
663-664
fishing and aquaculture, 664665
global processes, 660-661
map of, 656/
oxygen minimum zone of, 661-663
pollution, 665-666
region, 655-660
Mexico, fishing production in, 458
Microplastics, 391
Mid-Mediterranean Jet (MMIJ), 312-313
Millepora alcicornis, 603
Minerals, 351-353
in Antarctic seas, 29
in Baltic sea, 105-106
in Italian seas, 302
in Nicaragua (Caribbean Coast), 733
in Nicaragua (Pacific Coast), 752
in Nigerian coastal zone, 846-847
Mines, Greenland, 59-60
Mining
in Antarctic seas, 25
in Chile, 687-688
in Greece, 249
in Nigerian coastal zone, 843-844
Miskito Cays, 735-737
Miskito Coast Marine Reserve (MCMR), 735,
736t
Miskito Coast Protected Area (MCPA), 735
Mississippi Embayment, 445
MMI. See Mid-Mediterranean Jet (MMYJ)
Mnemiopsis leidyi, 322f
Mobile beach stones, 507
Modified Atlantic water (MAW), 287
Monachus monachus, 314
Monoporeia affinis, 95
Montevideo Coastal Zone (MCZ), 711, 711f
physicochemical characteristics of, 706
Montserrat, 552-553, 556, 559, 561, 563
MPAs. See Marine protected areas (MPAs)
MSEFD. See EU Marine Strategy Framework
Directive (MSFD)
Mudflat Benthic Communities, 196
Mud-sand flats, 368-369
Mussel aquaculture industry, 691
Mussismilia braziliensis, 823-824, 824f
Mpya arenaria, 397b
Mycteroperca bonaci, 540
Mytilus galloprovincialis, 323

N

NAPA. See National Adaptation Program of
Action (NAPA)

Nariva Swamp, 587b

National Action Plan (PAN), 777

National Adaptation Program of Action
(NAPA), 869

National Commission of Natural Protected
Areas (CONANP), 648

National economics, 607-609



National Environmental Management Action
Plan (NEMA), 607-608
National Fisheries Plan, 562
National Fishery Report, 562
National legislation, 648
National Marine Pollution Monitoring
Programs, 325
National Parks Ordinance, 632
National Policy on Wetland Conservation
Report for Trinidad and Tobago, 573
National System of Marine Protected Areas
(NSMPA), 803-804
National System of Natural Protected Areas
(SNAP), 719
National Wetland Policy for The Bahamas, 600
Native species assemblages, 384
Natural disasters, 597, 611
Natural environmental variables
Antarctic seas, 5-11
Azores, 504-505
The Bahamas, 596-597
Bay of Biscay, 113-119
Bermuda, 533
Canary islands, 486
English Channel, La Manche, 155-157
Greece, 230
Gulf of Mexico (GOM), 445-449
Italian seas, 288
Mexican Caribbean coast, 639-641
Nicaragua (Pacific Coast), 745
Nigerian coastal zone, 838—839
Northern Argentine Sea, 759-765
Rio de la Plata (Uruguay), 703-706
Natural protected areas (NPAs), Mexican
Caribbean coast, 648
Natures Seekers, 587b
Navidad, 117
Near-shore fringing reefs, 627
Near-shore patch reefs, 627
Nearshore shallow water habitats, 16-19
fjords, 18
under ice habitats, 16
intertidal habitats, 18—19
macroalgal habitats, 17-18
soft substrate habitats, 18
subtidal habitats, 16
NEMA. See National Environmental
Management Action Plan (NEMA)
Nicaragua (Caribbean Coast), 725, 729-730, 738
climate change impacts, 729-730
coastal and shallow habitats, 727-729
coral reefs, 727
islands, 727-729
mangroves and lagoons, 729
seagrass beds, 729
defined region
geography, 725
physical oceanography, 725
geography of, 725
human populations
cities and people, 730
development of, 730
pollutants, 731
rural factors, 730-731
sea ports and shipping, 731

management regimes
coastal fisheries, evolution and, 734-735
coral reef threats and management,
737-738, 738t
fisheries management challenges,
735-737, 735t
generalized resource governing structure,
734
operational resource governing structure,
734
map of, 726f
natural environmental variables and
seasonality, 725-727
climate, 725-727
freshwater discharges, 727
offshore systems, 729
resources, 732-733
artisanal and industrial fisheries, 732
fishery threats, 732733
oil and gas, minerals, 733
tourism, 733
rivers to, 727b
Nicaragua (Pacific Coast), 755
climate change impacts, 748-749
national climate change plans, strategies,
and programs, 749
projected impacts, 748-749
sea-level rise, 749
defined region
geography, topography, geological
description, 743
physical oceanography, 743
economic trends in, 749-750
human populations
economic trends in, 749-750
rural factors, 750
seaports and shipping, 750
major coastal and shallow habitats, 745-748
coral reefs, 745
mangroves and estuaries, 745-747
wetlands, 747-748
management regimes, 753-754
protected areas, 754
protected species, 754
natural environmental variables, seasonality,
745
climate, 745
freshwater discharges, 745
offshore systems, 748
productivity, 753
resources, 750-753
conch and cockles, 752
fish, 751-752
fishery industry overview, 750
lobster, 752
oil and gas, minerals, 752
productivity, 753
shrimp (wild caught), 751
shrimp aquaculture, 750-751
sustainable use of resources threats, 753
tourism, 752
Nicaragua canal, 7315
Nicaragua Greenhouse Gas (GHG), 748t
The Nicaragua National Water Law (2010/Law
620), 754
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Nigerian coastal zone, 835-837, 841-842,

850-851
clean-up, habitat restoration success, 848b
climate change impacts, 841-842
temperature increase and coastal erosion,
842
coastal and shallow habitats, 839-841
estuaries, 841
mangroves, 839
soft substrate habitats and tidal flats, 841
coastal geomorphic features, evolution of
Arcuate Delta, 837
barrier-lagoon coastal complex, 835
Mabhin transgressive mud coast, 835-837
Strand Coast, 837
geology and geomorphology of, 835-837
geomorphic features evolution, 835-837
human populations
cities and people, development, economics,
and change, 842
coastal erosion, landfilling, and mining,
843-844
forest clearance, 844
land-based pollution, 842-843
marine-based pollution, 843
pollutants, 844-845
pollution hotspot, 845
rural factors, 843
legal protective instruments, 849
local and artisanal management successes,
839h
management regimes
deficiencies and missing measures, 850
human health, welfare, and resource
shortage issues, 849
protected species, habitat, and areas, 849
protection and conservation measures, 849
mangroves in, 839
map of, 836f
natural environmental variables, seasonality,
838-839
climate, 838839
tidal and freshwater discharges, 839
offshore systems, 841
pelagic and benthic, seamounts, 841
physical oceanography of, 837-838
coastal upwelling, Gulf of Guinea, 838
longshore drift, 838
tides, 837
waves, 838
resources, 846—-848
aquaculture, 846
artisanal and industrial fisheries, 846
diversity changes, 848
oil and mineral resources, 846-847
productivity changes, 848
sustainable use of resources threats, 847848
tourism, 847

Nonindigenous species, marine environment,

244-245

Non-native species, La Manche, 170-171
North Adriatic Sea, 299
North and Central coast of British Columbia,

333-347
climate, 338



886 Index

North and South Carolina coasts
climate change restructure, 420-422
coastal development, 412417
ecosystem-level issues, 417-420
eutrophication, 417-420
environmental degradation sources, 409—412
inland contributions, 409-412
forecast, 422
inland contributions, 409412
physical setting, 405
population growth and economy, 407-408
North Atlantic Oscillation (NAO) index, 191
North Central Atlantic Ocean, 502f
Northern Argentine Sea, 759, 777
biogeographical features and management
regimes, 776777
climate change impacts, 768
coastal and shallow habitats, 766-767
Buenos Aires Province coastal area,
766-767
of SMG, 767
defined region, 759
map of, 760f
natural environmental variables, seasonality,
759-765
average climatic trends, 759-761
nutrient and chemical environment,
761-765
offshore systems, 767
resources, 771-776
artisanal and industrial fisheries, 771-776
mariculture, 776
urbanization and activities, impact of, 771
Northern West Coast of Canada
access and health, 354-355
climate change impacts, 347
geography, topography, geological
description, 333
human populations affecting the area
aquaculture, 350
exotic species, 350
harmful algal blooms, 350-351
logging and fishing, 348-350
marine debris, 350
potential pollution sources, 348
management regimes, 353-354
marine resources
fisheries, 351
oil and gas, minerals, wind generation,
351-353
north and central coast of British Columbia
benthic flora and fauna habitats, 341-344
climate, 338
glaciation, 337-338
pelagic ecology, 344-347
physical oceanography, 338-339
sedimentary regime, 339-341
tectonics, volcanism, and earthquakes,
335-337
Northwestern Pacific region, of Mexican
Pacific, 655-657
Norwegian capture fisheries, 78—79
Norwegian coastal waters
climate, 71
freshwater discharges, 71

geography, 69-71
impacts of climate change, 73-74
major coastal habitats, 71-73
cold-water corals, 73
kelp forests, 71-73
seagrass beds, 71
soft substrate communities, 73
management and conservation regimes
habitats and areas, 82
human health, consumption advices, 82
protected species, 81
pollutant inputs and concentrations, trends
contaminants in coastal waters, 75-76
mine tailings disposal, 7677
plastics, 76
riverine inputs, 7475
resources
aquaculture, 79-80
Norwegian capture fisheries, 78—79
oil and gas, 80-81
tourism, 81
No-take marine reserves (NTMRs), 438
NSMPA. See National System of Marine
Protected Areas (NSMPA)
Nuclear power plants, 171
Nutrients, 25-26, 409-410
input of, 169-170
in Nigerian coastal zone, 844-845

(@)

Oaxacan subsystem, 660
Occasional algal-bryozoan reefs, 604-605
Ocean acidification, 74, 439, 475-478
in Antarctic seas, 20
in Southern California Bight (SCB), 475-478
Ocean currents, Greenland, 45-47
Oceanic islands, 496
Oceanodroma monteiroi, 519
Oceanographic features, Bay of Biscay, 116-119
circulation, 117
mixed layer depth, 118
river discharge, 116
water masses, 116
waves and tides, 118-119
Oceanography, 363-366
of Adriatic Sea, 285-286
climatic, of Rio de la Plata (Uruguay), 703-706
hydrological, of Rio de la Plata (Uruguay),
703-706
Southern West Coast of Canada, 363-366
of Tyrrhenian Sea, 287288
Oceans
acidification of, 768
governance of, 145
seasonal changes in coastal, 596-597
Octocoral-dominated dense hard-bottom, 628
Octopus vulgaris, 519
Oculina spp., 535
Offshore bank reefs, 434-435
Offshore commercial long-line fishing, 541
Offshore ecosystems, Greenland, 50-51
Offshore pelagic resources, Senegal, 861
Offshore systems, 512
Azores, 512

of Black sea, 213-214
Canary islands, 489-490
Pelagic Region, 489
seamounts, 489-490
of Canary islands, 489—490
of English Channel, La Manche, 160-163
benthos, 162—-163
megafauna, 163
phytoplankton, 160-161
zooplankton, 161-162
of Greenland, 50-51
of Gulf of Mexico (GOM), 451
of Italian seas
ecosystem functioning, 297-298
pelagic domain, 295-297
of Nicaragua (Caribbean Coast), 729
of Nicaragua (Pacific Coast), 748
of Nigerian coastal zone, 841
of Northern Argentine Sea, 767
of Patagonian Continental Shelf of Argentina,
792-793
Offshore volcanic activity, 515
Oil, 351-353
in Antarctic seas, 29
Bahia Paraiso, oil spill, 23
in Baltic sea, 105-106
in Black sea, 220
CleanSeaNet, 219
Deepwater Horizon oil spill, 59, 456b
drilling in Bay of Biscay, 133-134
Exxon Valdez oil spill, 59
in Greenland, 58-59
in Italian seas, 302
IXTOC oil spill, 460
marine oil spills, 219
in Nicaragua (Caribbean Coast), 733
in Nicaragua (Pacific Coast), 752
in Nigerian coastal zone, 846-847
in Norwegian coastal waters, 80-81
in Patagonian Continental Shelf of Argentina,
802
Trinidad and Tobago, oil spills, 460
Oil pollution
Black sea, open waters, 219
in Nigerian coastal zone, 845
in open waters, 219
Oil spills, 137-138, 580
Bahia Paraiso, 23
Bay of Biscay, 137-138
in Deepwater Horizon (DWH), 456b
Exxon Valdez, 59
IXTOC oil spill, 460
Oldest arc system, 552
Onsite wastewater treatment systems (OWTSs),
413
Oolite banks, 605-607
Ophidiaster ophidianus, 509-510
Orbicella spp., 435
corals, 642
Organic pollutants, 137138, 320-321
Organic pollution, 491-492
Organochlorine pesticides, 714
Organochlorine pollutants, 495
Organotins, 797
Overfishing



of Conch, 630
in Italian seas, 301
OWTSs. See Onsite wastewater treatment
systems (OWTSs)
Oxygen minimum zone (OMZ), of Mexican
Pacific, 661-663
Oyster farming, 776
Opyster reefs, 383-384
Oysters, 393-394
farming, 776
Pacific oyster (Crassostrea gigas), 768

P
Pacific coast of Mexico. See Mexican Pacific
(MP)
Pacific North Coast Integrated Management
Area (PNCIMA), 353
Pacific oyster (Crassostrea gigas), 768
Pacific Rim National Park Reserve, 373
PAHS, 581
Paracentrotus lividus, 292
Paralytic shellfish poisoning (PSP), 350, 797-798
Parapenaeus longirostris, 321
Parrotfish recovery through management, 5405
Patagonian Continental Shelf of Argentina
(PCSA), 783-785, 792-794, 802,
804-806
climate change impacts, 794
coastal and shallow habitats, 786-791
patagonian intertidal “eco-piles,” 791
rocky shores, 791
salt marshes, 786—789
defined region
geological description, 783-785
physical oceanography, 785
environmental risks, 797-799
geology of, 783-785
human populations

cities and people, development, economics,

and changes, 794
environmental risks, 797-799
land-based pollution, 795
marine-based pollution, 795-796
pollutants, 796-797
management regimes, 803-804
map of, 784f
natural environmental variables and
seasonality, 785-786
climate, 785-786
freshwater discharges, 786
offshore systems, 792-793
pelagic and benthic habitats, 792-793
resources, 799-803
aquaculture, 801-802
industrial, semi-industrial, and artisanal
fisheries, 799-801
oil and gas, minerals, 802
tourism, 803
Patagonian intertidal “eco-piles,” 791
Patagonian tidal front (TF), 792-793
Patagonian toothfish (Dissostichus eleginoides),
717
Patch reefs, 628
bank, 627

dome-shaped/lagoonal/channel, 628
linear/bank, 628
near-shore, 627
shallow water marine and coastal
communities, 628
Patella candei gomesi, 513
PCSA. See Patagonian Continental Shelf of
Argentina (PCSA)
Pearl Cays, 737
Pelagic biota, 509-510
Pelagic community, in Nigerian coastal zone, 841
Pelagic ecology, North and central coast of
British Columbia, 344-347
Pelagic ecosystems, 11-14
Pelagic habitats, 231-232, 792-793
Pelagic region, Canary islands, 489
Pelagic resources
coastal and offshore pelagic resources,
Senegal, 861
Portuguese coast, 196-197
Pelagic resources, of Portuguese coast, 196—-197
Persistent organic pollutants (POPs), 25-26,
52-53, 100, 348, 797
Antarctic seas, 25-26
Baltic sea, 100
Greenland, 52-53
Peru (Humboldt) Current, 743
Pesticides, 245-246, 797, 844-845
human activities, marine environment, 245-246
organochlorine pesticides, 714
Petréleos Mexicanos (PEMEX), 460
Petroleum hydrocarbons, 53
total petroleum hydrocarbons, 581
Peyssonnelia, 314
Phaeton lepturus catesbyi, 537
pH changes in Italian seas, 298-299
Physeter microcephalus, 326
Physical environment, 427
Coastal Marine Ecosystem of South Florida,
427
coral reef province, Brazil, 813-815
Physical Landscape Act, 609
Physical oceanography, 338-339, 483-485
of Antarctic seas, 1-5
of Black sea, 211-212, 307-309
of Canary islands, 483485
of Chile, 675-676
Eastern Mediterranean Sea, 312-313
of English Channel, La Manche, 155
of Greece, 227-230
of Italian seas, 283-288
Marmara Sea, 310
of Mexican Caribbean coast, 639-641
Nicaragua (Pacific Coast), 743
of Nicaragua (Caribbean Coast), 725
of Nigerian coastal zone, 837-838
North and central coast of British Columbia,
338-339
of Patagonian Continental Shelf of Argentina,
785
of Rio de la Plata (Uruguay), 703-706
Physical Planning Act, 562
Physical Planning Ordinance, 632
Physiography, Mexican Caribbean coast,
637-639
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Phytoplankton, 120-121, 160-161

English Channel, 160-161
blooms, 161
characteristics and temporal changes,
160-161

Phytoplankton biomass, 489
Piscirickettsiosis, 691
Planktons, 119-123

bacterioplankton, 119-120
Bay of Biscay, 119-123
ichthyoplankton, 122—123
phytoplankton, 120121
zooplankton, 121-122

Plastic, 473

Plastic debris, in Montevideo, 715, 715f
Plastic litter, 688—-689

Plastics, 391

Chile, waste management and plastic litter,
688-689

microplastics, 391

Norwegian coastal waters, 76

Platform margin bank-barrier reefs, 627
Pleoticus muelleri, 300
PNCIMA. See Pacific North Coast Integrated

Management Area (PNCIMA)

Pollutants, 51-52, 319-321, 390

anthropogenic impacts, Greenland, 51-52
Baltic sea, 100-101
Bay of Biscay, 137-138
in Black sea, 216-217
coasts of Turkey, 319-321
in Greece, 245-246
human activities, marine environment,
245-246
levels in marine organisms, 580
Trinidad and Tobago, 580
in Nicaragua (Caribbean Coast), 731
in Nigerian coastal zone, 844845
Norwegian coastal waters
contaminants in coastal waters, 75-76
mine tailings disposal, 76-77
plastics, 76
riverine inputs, 74-75
organic, 137-138, 320-321
organochlorine, 495
in Patagonian Continental Shelf of Argentina,
796-797
Southern West Coast of Canada, 371-372

Pollution

in Antarctic seas, 26
in Baltic sea, chemical, 99—104
chemical munitions, 101-102
emerging pollutants, 100-101
metals and radioactivity, 102—103
nutrient inputs and eutrophication,
103-104
persistent organic pollutants, 100
in Black sea
marine-based pollution, 216-217
open waters, oil pollution, 219
pollutants and pollution hotspots, 216-217
ships, pollution, 219
coastal land use and land based sources of,
631-632
in coasts of Turkey, 315-316
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Pollution (Continued)
in English Channel, La Manche
land-based pollution, 168
marine-based pollution, 168—169
pollution hotspots, 168—169
in Greece, 245
land-based pollution, 245
marine-based pollution, 245
human activities, marine environment, 245
in Italian seas, 300
land-based, 315-316
marine-based, 316-317
in Mexican Caribbean coast, 647
in Mexican Pacific, 665-666
in Nigerian coastal zone
hydrocarbon pollution, 844-845
land-based pollution, 842843
marine-based pollution, 843
oil pollution, 845
pollution hotspot, 845
Patagonian Continental Shelf of Argentina
(PCSA)
land-based pollution, 795
marine-based pollution, 795-796
in Portuguese coast, 197-198
in Senegal, marine, 864-867, 8681
Pollution hotspots
in Antarctic seas, 26
in Black sea, 216-217
in English Channel, La Manche, 168-169
in Greece, 246
human activities, marine environment, 246
in Nigerian coastal zone, 845
Polybrominated diphenyl ethers (PBDEs), 75
Polychlorinated biphenyls (PCBs), 75, 320,
597,714
Polycyclic aromatic hydrocarbons, 53
Polyfluorinated compounds (PFCs), 412
POPs. See Persistent organic pollutants (POPs)
Populations
Antarctic seas
coastal erosion, 25
industrial or agricultural activities, 25-26
land-based pollution, 21-23
landfill, 25
marine-based pollution, 23-24

mining, 25

nutrients, 25-26

people, 21

persistent organic pollutants (POPs),
25-26

pollution hotspots, 26

radioactivity, 25-26

shipping accidents and other impacts,
24-25

The Bahamas, 594-596
Bay of Biscay, 130-134

building and maintenance, infrastructure,
133

extractive activities, 133

human settlements, 131-132

industrial activities, 133

shipping, oil drilling, and transport,
133-134

Bermuda, 538-539

Black Sea, 216-219
cities and people, 216
coastal hydrocarbons, 217
invasive species, 219
marine-based pollution, 216-217
open waters, oil pollution, 219
pollutants and pollution hotspots, 216-217
ships, pollution, 219
Canary islands, 490-493
coastal development, 493
organic, inorganic, haline, and thermal
point source pollution, 491-492
pressure on coastal ecosystems in,
490-491
Chile, 684-685
coasts of Turkey, 315-321
coastal erosion, 317-319
land-based pollution, 315-316
marine-based pollution, 316-317
pollutants, 319-321
coral reef province, Brazil, 827-829
coastal runoff and urban development,
827-828
fisheries, artisanal, and industrial, 828829
marine tourism and organisms
overexploitation, 828
demographics, 569
English Channel, La Manche, 166-171
cities and people, 168
development, economics, and change, 168
Green Tide Case, 169-170
input of nutrients, 169170
land-based pollution, 168
marine-based pollution, 168—169
non-native species, 170171
nuclear power plants, 171
pollution hotspots, 168—169
rural factors, 169-170
shipping accidents, 170
wind and tidal turbines, 170
Gulf of Mexico (GOM), 453-456
Mexican Caribbean coast, 645
Nicaragua (Caribbean Coast)
cities and people, 730
development of, 730
pollutants, 731
rural factors, 730-731
sea ports and shipping, 731
Nicaragua (Pacific Coast)
economic trends in, 749-750
rural factors, 750
seaports and shipping, 750
Nigerian coastal zone
cities and people, development, economics,
and change, 842
coastal erosion, landfilling, and mining,
843-844
forest clearance, 844
land-based pollution, 842843
marine-based pollution, 843
pollutants, 844-845
pollution hotspot, 845
rural factors, 843
North and South Carolina coasts, 407-408
Northern West Coast of Canada

aquaculture, 350

exotic species, 350

harmful algal blooms, 350-351

logging and fishing, 348-350

marine debris, 350

potential pollution sources, 348
Patagonian Continental Shelf of Argentina

(PCSA)

cities and people, development, economics,

and changes, 794
environmental risks, 797-799
land-based pollution, 795
marine-based pollution, 795-796
pollutants, 796-797
Rio de la Plata (Uruguay), 709-716
environmental history, 711-712
present environmental status, 712-716
Senegalese coastal and marine environment,
863-867
coastal erosion, coastal flooding, soil and
water salinization, 864
fisheries impacts, 867
mangrove degradation, 867
marine pollution, 864—-867
Southern West Coast of Canada, 371
sparse, 501
Trinidad and Tobago, 569
Turks and Caicos Islands (TCI), 621

Portuguese coast

antropogenic impacts, 197-200
climate change, 199-200
coastal erosion, 200
habitat loss, 200
non-native species, 199
pollution, 197-198
defined region, 189191
historical context, 189
major coastal habitats, 192-197
continental shelf benthic communities,
192-194
mudflat Benthic Communities, 196
pelagic resources, 196-197
seagrasses, 194-195
oceanographic settings, 191-192
water management, 200-204
protection schemes, 202-204

Posidonia meadows, 289-290
Posidonia oceanica, 289-290, 314
Potential contaminant sources, 348
Potential pollution sources, 348
Northern West Coast of Canada, 348
Primnoa pacifica, 344
Principal components analysis (PCA), 193f
Productivity
Chile, pelagic, 676-679
climate change impacts, 165-166
English Channel, La Manche, 165-166
Nicaragua (Pacific Coast), 753
Nigerian coastal zone, 848
zooplankton, 345
Prognoses, Greece, 254-256
Protection of Turtles and Turtle Eggs
Regulation, 573
Pseudo-nitzschia, 351
Psilopa nitidula, 510



Pterodroma cahow, 537
Public and Environmental Health Ordinance,
632

Q

Queen Charlotte Sound, 337

Queen Charlotte Sound-Hecate Strait system,
338

Queen conchs, 578

R
Radioactivity, 25-26, 102—103, 245-246, 321,
844-845
Antarctic seas, 25-26
Baltic sea, 102-103
Greece, 245-246
human activities, marine environment, 245-246
Radionuclides
artificial radionuclides, 321
in Nigerian coastal zone, 845
Rainfall, 597
The Bahamas, 597
in Nigerian coastal zone, 838
Rapana venosa, 717
Recreational fishery, 541-542, 559
Red crab (Chaceon notialis), 717
Red hind, 540
Reef-building sponges, in Italian seas, 297
Reef communities
back-reef communities, 627, 627f
of Florida Reef Tract (FRT), 434-435
Reef communities of Florida Reef Tract (FRT),
434-435
Reef fishing, 541
Florida coral reef fisheries, 437
Reef fish stocks, 429f, 542
Reefs
Acropora palmata-dominated reef, 643, 644f
Andros barrier reef, 600-603
Banco Chinchorro reef, 642
bank patch reefs, 627
boiler reefs, 531, 535/
channel reefs, 627
communities of, FRT, 434-435
deep fore reefs, 641
eastern region, Abrolhos Bank, 816-817,
820, 822-823
graded reefs, 557
horseshoe reef complex, 557
near-shore fringing reefs, 627
occasional algal-bryozoan reefs, 604-605
offshore bank reefs, 434-435
oyster reefs, 383-384
platform margin bank-barrier reefs, 627
Sabellaria alveolata reefs, 158
Sabellaria reefs, 158
Regional Fisheries Management Organization
(RFMO), 303
Restoration
Comprehensive Everglades Restoration Plan,
429, 440
coral, 436b
coral reefs, in Mexican Caribbean coast, 643H
Everglades restoration program, 434

Italian seas, habitat, 303
mangrove restoration trials, in Ogoniland,
840b
Marine Ecosystem Restoration in Changing
European Seas, 303
Nigerian coastal zone, 848b
Revised Fisheries Protection Act, 561
RFMO. See Regional Fisheries Management
Organization (REMO)
Rhizophora mangle, 535, 644-645
Rias, La Manche, 159-160
“Rim Current” derives, 309
Rio de la Plata (Uruguay), 703, 720
aquatic exotic species in, 7167
climatic, hydrological, and physical
oceanography, 703-706
coastal and shallow ecosystems
characteristics, 706709
defined region, 703
geography of, 703
geology of, 703
human population and environmental
consequences, 709-716
environmental history, 711-712
present environmental status, 712-716
institutional and legal frameworks in, 719
map of, 704f
natural environmental variability, 703—-706
natural resources, 717-719
fisheries, 717-718

sustainable use of natural resources threats,

719
tourism, 718-719
topography of, 703
Rio de la Plata estuary, 765, 771
Rio Hondo Fault Zone, 637
River
Bay of Biscaym, river discharge, 116
Coco River, 727
Escondido River, 727
Gediz River, 315
Grijalva-Usumacinta River System, 447
land-based pollution, 315-316
Matagalpa River, 727
Medjerda River Delta, 274-277
Nicaragua (Caribbean Coast), 727b
Sakarya River, 320
San Juan River, 727
Santa Lucia River, 708-709
River deltas
coastal wetlands, Tunisia, 274-277
in Greece, 236
habitats, Greece, 236
Medjerda River Delta, 274-277
River, land-based pollution, 315-316
Rocky shores, 679-681, 791
Atlantic Ocean, Southwestern, 791
Benthic habitats, 679-681
Chile, benthic habitats, 679-681
and cliffs, 597
PCSA, coastal and shallow habitats, 791
soft bottom intertidal habitats, 791
Southwestern Atlantic Ocean, 791
Rocky substrates, 232-233
Ross and Weddell Sea gyres, 5
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Ruppia maritima, 381, 507

Ruppia mexicana, 644

Rural factors
Azores, 514
English Channel, La Manche, 169-170
Nicaragua (Caribbean Coast), 730-731
Nicaragua (Pacific Coast), 750
Nigerian coastal zone, 843

S
Sabellaria alveolata reefs, 158
Sabellaria reefs, La Manche, 158
Sabellaria spinulosa, 158
Saccharina latissima, 71-72
Saduria entomon, 95
Sakarya River, 320
Salmon aquaculture, 372-373
Salmon farming, 691
Salmonid rickettsial septicemia (SRS), 691
Salmonids, 801
Salt marshes, 786789
Salt ponds, 553-554
San Antonio Bay, 765
Sandy beaches, 507, 573, 575f, 681-682
Azores, 507
benthic habitats, 681-682
Chile, 681-682
San Juan River, 727
San Matias Gulf (SMG), 765, 767
coastal area of, 767
Santa Lucia River, 708-709
Sardinella aurita, 321
Sargasso Sea, 531, 535-537. See also
Bermuda
Sargasso Sea Alliance (SSA), 542
Sargassum community, 536
SCB Regional Marine Monitoring Program,
468
Scott Islands, 354
SC Task Group on Harmful Algae, 418
SCUBA, 559
Scytonema pincushions, 606, 607/
Seabirds, 57, 127, 512, 519-520
Sea Education Association, 536
Seafloor sediments, 451
Seagrass beds, 71, 158-159, 493, 573, 575f,
729
English Channel, La Manche, 158-159
Florida seagrass beds, 433
Seagrasses, 194-195, 433-434, 439, 487-489,
488f, 604-605, 630, 644, 825-826
coastal habitats, 433-434
Coastal Marine Ecosystem of South Florida
coastal habitats, 433-434
global climate change, impacts of, 439
coral reef province, Brazil, 825-826
global climate change, Coastal Marine
Ecosystem of South Florida, 439
global climate change, impacts of, 439
meadows, 234, 556
Mexican Caribbean coast, 644
Portuguese coast, 194-195
species, 381
Sea level, climate change impacts, 164
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Sea-level rise, 386, 388, 395, 397, 611-612
in coral reef province, Brazil, 826
impacts of, 397-399
in Italian seas, 298-299
in Mexican Pacific, 661
in Nicaragua (Caribbean Coast), 729
in Nicaragua (Pacific Coast), 749
in Nigerian coastal zone, 842
in North and South Carolina coasts, 422
in Rio de la Plata (Uruguay), 706
in Turks and Caicos Islands, 633

Sealing, 26

Seamounts, 14, 234-235, 339, 489-490), 841
Antarctic seas, 14
Bermuda Seamount, 536
Bowie Seamount, 339, 343
Greece habitats, 234-235
offshore systems, Canary islands, 489-490
submarine coastal seamounts, 333

Seaports
in Nicaragua (Caribbean Coast), 731
in Nicaragua (Pacific Coast), 750

Seasonality, 533
Antarctic seas, 5-11
The Bahamas, 596-597
Bay of Biscay, 113-119
Bermuda, 533
coasts of Turkey, 313
Greece, 230
Gulf of Mexico (GOM), 445-449
Italian seas, 288
Mexican Caribbean coast, 639-641
Nicaragua (Caribbean Coast), 725-727
Nicaragua (Pacific Coast), 745
Nigerian coastal zone, 838-839
Northern Argentine Sea, 759-765
Patagonian Continental Shelf of Argentina

(PCSA), 785-786
Turks and Caicos Islands (TCI), 621-623

Sea surface temperature (SST), 571-572
Black Sea, 215
in coral reef province, Brazil, 815
in Northern Argentine Sea, 759-761
Trinidad and Tobago, 571-572

“Seat of power,” 843

Sea turtle, 737

Seawater temperature changes
climate change impacts, 164

Sedimentary regime, 339-341

North and central coast of British Columbia,

339-341
Southern West Coast of Canada, 366
Sediment contamination, 468-470
Sediment quality, 468—470
Sediment quality objectives (SQOs), 468
Semi-industrial fisheries, 800
Senegalese coastal and marine environment,
855-858
biodiversity, 858-861
climate change, 863
defined region, 855-857
environment, 857-858
fisheries resources, 861-863
access to, 862-863
aquaculture, 862

fisheries exploitation, 861-862
habitats, 857
human population, 863-867
coastal erosion, coastal flooding, soil and
water salinization, 864
fisheries impacts, 867
mangrove degradation, 867
marine pollution, 864—867
management regimes, 867-871
map of, 856/
Senegalese Exclusive Economic Zone, 860
Senegalese Marine-Protected Areas Network, 8707
Sessile assemblages, 486
Sevastopol Bay, 218b
Sewage biomarkers, in Rio de la Plata
(Uruguay), 713-714
Sewage systems, in Mexican Caribbean coast, 647
Sewage treatment, in coastal cities, 795
Shallow habitats
of The Bahamas, 597-607
of Bermuda, 533-535
of Black Sea, 212-213
of Canary islands, 486-489
of Chesapeake Bay, 379-384
of coasts of Turkey, 314
of English Channel, La Manche, 157-160
of Greenland, 49-50
of Gulf of Mexico (GOM), 449
of Italian seas, 289-295
of Nicaragua (Caribbean Coast), 727-729
of Nicaragua (Pacific Coast), 745-748
of Nigerian coastal zone, 839-841
of Northern Argentine Sea, 766-767
of Patagonian Continental Shelf of Argentina,
786-791
of Rio de la Plata (Uruguay), 706-709
of Trinidad and Tobago, 572-577
of United Kingdom Overseas Territories in
the Northeast Caribbean, 553-558
Shallow water and coastal habitats, UKOTSs in
Northeast Caribbean
beaches, 554-556
coral reefs, 556-558
mangroves, wetlands, and salt ponds, 553-554
seagrass meadows, 556
Shellfish, 408-409¢
aquaculture, 372
paralytic shellfish poisoning (PSP), 350,
797-798
testing, 350
Shipping
accidents
Antarctic seas, 24-25
English Channel, La Manche, 170
Bay of Biscay, 133-134
Chile, 690-691
Greenland, 53-55
Nicaragua (Caribbean Coast), 731
Nicaragua (Pacific Coast), 750
Shoreline armoring, 388
ShoreZone/Euphotic Layer, 341-343, 367-369
Short-chain chlorinated paraffins (SCCPs), 76
Shortfin squid fishery, 800
Shrimp aquaculture, 750-751
regulations of, 754

Shrimp farming, 732
Shrimp fishery, 751, 799-800
SIDS. See Small Island Developing State (SIDS)
SIDS Accelerated Modalities of Action
(SAMOA) Pathway, 611
Siganus species, 292
Sine-Saloum Delta, 870
Small Island Developing State (SIDS), 594
Small island development, 607-609
SMG. See San Matias Gulf (SMG)
SMPS. See Southern Mexican Pacific (SMP)
Soft bottom intertidal habitats
Patagonian intertidal “eco-piles,” 791
rocky shores, 791
salt marshes, 786—789
Soft bottoms, of Italian seas, 293-294
Soft-shelled clam, 3975
Soft shore, 509
Soft substrate communities, 73
Soft-substrate demersal fishery, 578
Soft substrate habitats, 18, 233-234
benthic habitats, 233-234
Nearshore shallow water habitats, 18
Nigerian coastal zone, 841
Soil salinization, 864
Solid wastes, 795, 864, 864f
urban solid wastes, 795
Solis Grande, 715
South Atlantic Fishery Management Council, 437
Southern California Bight (SCB)
assessing human impacts in, 468
beach water quality, 471-473
approach, 471
extent and magnitude of FIB water quality
exceedances, 471
future challenges, 472—473
rate of human fecal influence, 471-472
human influence, 465
ocean acidification, 475-478
approach, 476
extent and magnitude of, 476
future challenges, 476478
physical and ecological setting, 465
sediment quality, 468-470
approach, 468-469
extent and magnitude of, 469
future challenges, 470
trends in extent and magnitude of, 470
synthesis, 478
trash and debris, 473-475
approach, 473
extent and magnitude of anthropogenic
debris in, 473
future challenges, 474-475
trends in extent and magnitude of
anthropogenic debris in, 474
Southern Mexican Pacific (SMP), 659-660
Southern West Coast of Canada
benthic ecology, 367-370
deep habitats, 369-370
mid-depth, 369
shorezone/euphotic layer, 367-369
climate change, 371
glaciation and oceanography, 363-366
human populations affecting the area, 371



management regimes, 373
pelagic ecology, 370
pollutants, 371-372
resources, 372-373
sedimentary regimes, 366
tectonics and vulcanism, 363
South Florida
coastal marine benthic ecosystem of, 427
coastal marine habitats of, 431
coral reefs in, 436437
ecosystems, 440
South Pacific anticyclone (SPA), 676
Southwestern Atlantic Ocean
fisheries of, 771
rocky shores, 791
SPA. See South Pacific anticyclone (SPA)
Sparse population, 501
Spartina alterniflora, 397, 787, 788f
Sparus aurata, 321, 491
Spatial and temporal resolution, 144
Spawn on Kelp (SOK) fishery, 351
Specialized bodies, 33-34
Special Law on Mining Prospecting and
Exploitation (2001/Law 387), 753
“Special Protection Zones,” in Argentine coast, 804
Species at Risk Act (SARA), 354
Spiny lobster (Panulirus argus), 732
Sport fishing, 647
SSA. See Sargasso Sea Alliance (SSA)
Sterna dougalli, 512
Sterna hirundo, 512
Storms
activity, impacts of changing, 399
Baltic sea, 93
Bay of Biscay, 143
Black Sea, 215-216
Italian seas, 298-299
tropical storms, 597
Stormwater detention ponds (SDPs), 414
Stormwater runoff and management
approaches, 413
Stramonita haemastoma, 507, 513
Strand coast, 837
Strombus gigas, 578
Strongylocentrotus droebachiensis, 73
Submarine coastal seamounts, 333
Submarine tailing disposal (STD), 76-77
Submerged aquatic vegetation, 381-383
carbonate sand plains with, 604-605
of Turks and Caicos Islands, 630
Subtidal habitats, 16
kelp-dominated subtidal habitats, 680-681
Nearshore shallow water habitats, 16
Subtropical Underwater (SUW), 640-641
Sustainable Development Agenda, 611
Sustainable fishing, 144
Swell waves, 639
Synthesis, 478
Synthetic oil-based cuttings (SOBC), 579-580

T

TACW. See Tropical Atlantic Central Water
(TACW)

TCI. See Turks and Caicos Islands (TCI)

Tectonics, 335-337, 363
North and central coast of British Columbia,
335-337
Tellina nuculoides, 342-343
Temperature
of Black Sea, 214
of coral reef province, Brazil, 826
of English Channel, La Manche, 164
of Italian seas, 298-299
of Nigerian coastal zone, 838-839, 842
water temperature, impacts of increasing,
396-397
Terrigenous fine sand, 209
Tesseropora arnoldi, 507
Thalassia grass beds, 604—605
Thalassia testudinum, 573
Thermal point source pollution, 491-492
Threats, use of resources, 250
Thunnus albacares, 536, 541
Tidal discharges, 839
Tidal flats, 605-607
in Nigerian coastal zone, 841
Tidal turbines, La Manche, 170
Tides
of Baltic sea, 92-93
of Green Tide Case, 169-170
of Nigerian coastal zone, 837
oceanographic features, Bay of Biscay,
118-119
Tierra del Fuego Island, 785-786
Tiger sharks, 536
Todos Os Santos Bay, Brazil, 819b
Topography
of Bermuda, 531
of Canary islands, 483
of Chile, 673
of English Channel, La Manche, 153155
of Greece, 227
of Italian seas, 283
of Nicaragua (Pacific Coast), 743
of Northern West Coast of Canada, 333
of Rio de la Plata (Uruguay), 703
Total aliphatic hydrocarbons (TAHs), 796
Total aromatic hydrocarbons (TArHs), 796
Total petroleum hydrocarbons, 581
Tourism, 351, 518, 607-609
in Antarctic seas, 29-30
in Baltic sea, 106
in English Channel, La Manche, 171
in Greece, 240
in Greenland, 60
in Italian seas, 302
in Mexican Caribbean coast, 645-646
in Nicaragua (Caribbean Coast), 733
in Nicaragua (Pacific Coast), 752
in Nigerian coastal zone, 847
in Norwegian coastal waters, 81
in Patagonian Continental Shelf of Argentina,
803
in Rio de la Plata (Uruguay), 718-719
in Senegalese coastal and marine
environment, 857
in Turks and Caicos Islands, 631-632
The Tourism Incentive Law (amended 2005/
Law 575), 753
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Tourism industry and Environmental
degradation, 560
Tourism Industry Incentive Law, 733
Toxic contaminants, 412
Trace metals, 580-581
Trace organic contaminants, 581
Transitional waters, of Italian seas, 294-295
Trash, 473-475
Tributyltin (TBT), 797
Trichechus manatus, 737
Trichomusculus semigranatus, 505
Trinidad and Tobago, 567
bathymetry, 567-569
climate, 570-571
contaminant levels in marine environments,
580-581
currents, 569
fisheries, 577-578
human health, welfare, and resource shortage
issues, 581-582
influence of industrialization in, 578-580
institutional framework, 586
major coastal and shallow habitats, 572-577
management regimes, 582-586
pollutant levels in marine organisms, 580
population demographics, 569
sea surface temperature (SST), 571-572
total petroleum hydrocarbons and PAHS, 581
trace organic contaminants, 581
Trionyx triunguis, 325-326
Tripartite Committee, 355
Trophic downgrading, of Italian seas, 292
Tropical Atlantic Central Water (TACW),
640-641
Tropical monsoon climate, 725
Tropical rain forest climate, 727
Tropical shallow-water ecosystems, 591
Tropical storms, 597
Tunisia
coastal wetlands, 264-278
Bizerte Lagoon, 264-270
Boughrara Lagoon, 277-278
Ghar El Melh Lagoon, 271-274
Medjerda River Delta, 274-277
Gulfs, 261-264
Gulf of Gabes, 263-264
Gulf of Tunis, 261-263
Turkish Black Sea, 319
Turks and Caicos Islands
classifications of, 623-624
mangroves of, 624-626
Turks and Caicos Islands (TCI), 617-623
defined region, 617
development and population growth, 621
environmental history and land use change,
620-621
geology, physiography, 617-619
island arc of Caicos Bank, 619f
map of, 618f
physiography, 617-619
sea level rise, 633
seasonality, currents, and climate change,
621-623
shallow water marine and coastal
communities, 623633
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Turks and Caicos Islands (TCI) (Continued)
climate change and sea level rise, 633
coral reefs, 626-628
environmental challenges and management
structure, 631

fishing and marine resource use, 632—633

fringing reef systems, 629-630

mangroves, 624-626

marine and estuarine communities
classifications, 623-624

patch reefs, 628

pollution, coastal land use and land based
sources, 631-632

submerged aquatic vegetation, 630

Turks and Caicos National Trust, 631

Turks Island Passage, 617

Tursiops truncatus, 325-326, 537

“Turtle-watching,” 573

Tyrrhenian Sea, 286-288, 300, 303

Ttalian seas, physical oceanography of,
285-286
oceanography of, 287-288

U
Un-centralized sewage treatment, 413
UNCLOS. See United Nations Convention on
the Law of the Sea (UNCLOS)
Under ice habitats, 16
Uniola paniculata, 597
United Kingdom Overseas Territories (UKOTs)
in the Northeast Caribbean
climate change, 559-560
climatological and oceanographic setting,
552-553
coastal protection, 562
fisheries and fishing activity, 558-559
fisheries legislation, 561-562
marine protected areas (MPAs), 560-561
physical setting, 551-552
political/economic setting, 549-551
prospectus and prognoses, 563
shallow water and coastal habitats, 553558
beaches, 554-556
coral reefs, 556-558
mangroves, wetlands, and salt ponds,
553-554
seagrass meadows, 556

tourism industry and environmental
degradation, 560
United Nations Convention on the Law of the
Sea (UNCLOS), 302
United Nations Multilateral Environmental
Agreements, 607-608
United States, 383, 391
Unregulated sand mining, in Nigerian coastal
zone, 846
Upland habitats, of TCI, 624
Upwelling systems
Antarctic seas, 5
Baltic sea, 92
Chile coastal, 675
Gulf of Guinea, 838
Senegalese coastal and marine environment,
860
Urban activities, 388
effects from, 513-514
Urban influences, 431
Urbanization
in Chile, 686-687
impact of, Northern Argentine Sea, 771
Urban solid wastes, 795
Urban waste, in Senegal, 864, 864f
US Endangered Species Act, 436

\%

Venerupis decussata, 516, 519, 521

Vertical exchanges, in Italian seas, 283, 287

Volcanic eruptions, 486

Volcanic “pollution” hotspots, 515

Volcanism, 335-337, 552

North and central coast of British Columbia,

335-337

Vulcanism, 363

w

Warming

Antarctic seas, 19

global, 144, 298-299
Waste management, in Chile, 688—689
Wastewaters, in Chile, 687-688
Wastewater treatment plant (WTP), 316
Water and Sewerage Corporation Act, 608
Water-based cuttings (WBC), 579-580
“Waterfront communities,” 843

Water Pollution Rules, 586
Water quality improvement, 386
Water salinization, in Senegalese coastal and
marine environment, 864
Water temperature, impacts of increasing,
396-397
Waves
Baltic sea, 93
energy, 597
of Nigerian coastal zone, 838
oceanographic features, Bay of Biscay,
118-119
swell waves, 639
WBC. See Water-based cuttings (WBC)
Weather, Greenland, 47
Western Black Sea basin, 307
Wetlands, 507, 510, 521-523, 553-554, 624,
747-748
Caribbean mangrove wetlands, 553-554
classification methods, 624
Whales Bermuda project, 537
Whale-watching, 518
Whaling, 26
White Band Disease, 735-737
Wind generation, 351-353
‘Wind stress, 759-761
Wind turbines, La Manche, 170
WTP. See Wastewater treatment plant (WTP)

X

Xiphias gladius, 513

Y

Yellowfin tuna, 536, 541

Yucatan Channel, 445

Yucatan Peninsula, 639-640, 644-645
Yucatan upwelling process, 640—641

Z

Zonguldak, 320

Zooplanktons, 161-162
community, 713
English Channel, La Manche, 161-162
productivity, 345

Zostera japonica, 342

Zostera marina, 342, 381
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