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PREFACE

Oil spill and ship-originated pollution is one of the core issues for many years
due to the importance of the protection of the world oceans and seas. Oil contamination
from the ships and shores are not negligible amount as well.

Turkey, surrounded by four different seas, has experienced some major ship
incidents, mainly in the Turkish Straits System, more particularly in the Istanbul Strait.
You might freshly recall that thousands of tons of oil dispersed over the sea and some
evaporated to atmosphere during the Independenta and Nassia incidents. That was also a
real inferno for the local people.

It is already known that ecological catastrophes will continue for many years
after the incidents. I remember that I was writing to Financial Times about this and it
appeared in that renowned newspaper on 15 January 2004 like this: “Istanbul Strait is a
place for refreshment, for drinking Turkish coffee, for fishing - not a dangerous oil tanker
route”. After more than a decade, supertankers still thrill us in the Istanbul Strait with
huge amount of oil in their tanks.

The idea of this book is to present how Turkish waters are under the threat of oil
spills, even though several extra precautionary measures have been taken recently. In fact,
Turkey has a longest coastline in the Mediterranean and Black Sea, which makes it more
responsible to prevent any kind oil contamination.

I congratulate my colleagues, Dr. Selma UNLU and Dr. Bedri ALPAR, for their
invaluable effort to compile and edit this very comprehensive book. Besides, I am very
grateful to all the authors who contributed to this book with their effort, namely, their
time and extended knowledge.

Fighting with pollution is not simple and detailed information is of utmost
importance. I believe that this book will fill the gaps in knowledge necessary for
preventing oil pollution in the Turkish Straits System.

Prof. Dr. Bayram OZTURK
Director, Turkish Marine Research Foundation (TUDAYV)

December 2018
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“The waves swam like the mountains in the froth of Bosphorus,
often climbed up over the clouds and seemed to fill the boat. No
one thought he could get away with it anymore. Because death
was wandering over the ship and in the clouds, as if it says he
came nearby. Even though the waves were so terrible, they
would quickly become docile when a clever and experienced
pilot keep the helm.”

Rhodesian Apollonius

Xiv
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THE ANTICIPATED EFFECTS OF OIL SPILL ON FISH POPULATIONS IN
CASE OF AN ACCIDENT ALONG THE TURKISH STRAITS SYSTEM - A
REVIEW OF STUDIES AFTER SEVERAL INCIDENTS FROM THE WORLD

M. idil OZ '* and Nazli DEMIREL 2
! Canakkale Onsekiz Mart University, Gok¢eada School of Applied
Sciences, Canakkale, Turkey
2 Istanbul University, Institute of Marine Sciences and Management, Istanbul, Turkey

“idiloz@comu.edu.tr

1. Introduction

Fish species are extremely diverse in Mediterranean and Black Seas because of
the heterogeneity of the seas with respect to hydrography, bathymetry and productivity
(Zenetos et al., 2002) but also to the varying cultural, social and economic conditions
across the Mediterranean coastline (Papaconstantinou and Farrugio, 2000; Stergiou et
al., 2016). Nearly 400 species of fish, crustacean, and molluscs are being exploited by
numerous fishing gears and methods in the Mediterranean Sea, yielding over one
million tonnes of catches according to official statistics (FAO, 2016). Classical fisheries
science maintains that when there are more fish in the water, sustained catches could be
obtained with much less fishing effort and much less impact on the ecosystem
(Beverton and Holt, 1957; Murawski, 2010). The potential catch increases do not
account for interactions among species such as prey-predator relationships and
competition for resources (Horbowy and Luzenczyk, 2016), changes in the fishing
tactics and new fisheries regulations (McGarvey et al., 2016) as well as human factor,
environmental changes and climate forcing (Alheit et al., 2014) may also play a role in
fish population dynamics.

FAO (2003) states ecosystem approach to fisheries (EAF): “(...) the purpose of
EAF is to plan, develop and manage fisheries in a manner that addresses the
multiplicity of societal needs and desires, without jeopardizing the options for future
generations to benefit from marine ecosystems” (FAQO, 2016).

There are two types of barriers indicated for implementing ecosystem approach
under major knowledge gaps which are defined as deficiency of scientific understanding
of the ecosystem dynamics including human factor and science as basis for management
(Hansson et al, 1999). On the other hand, if time series of fishing pressure and biomass
change namely fisheries reference points for fish stocks can be assessed, a baseline for
stock status can be achieved and lead to focus on how stocks can be affected by other
ecosystem components in the past for evaluating existing literature and can be affect in
future hypothetically.

It is generally accepted that Exxon Valdez oil spill (Peterson et al., 2003) and
the Deepwater Horizon disaster (Crone and Tolstoy, 2010; Kerr et al., 2010, Langangen
et al., 2017) were caused suffering of fish populations. Overall post spill analysis of a
few major events constitute our basic understanding on the consequences of oil uptake
by fish stocks (Peterson et al., 2003; French-McCay, 2004; Incardona et al., 2014;
Carroll et al., 2018). Among them, short-term monitoring studies conducted right after
the disasters, conclude that oil spill influences to populations evolve almost solely from
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acute mortality (Peterson et al., 2003). For example, according to Rice et al. (2001), oil
impact to fishes was anticipated mainly on testing acute toxicity for short term (~4 days)
laboratory exposures to the water-soluble fraction with majority of 1- and 2- ringed
aromatic hydrocarbons (PAHSs), through acute narcosis mortality at ppm concentrations.
However, Peterson et al. (2003), assume this as an old paradigm and described an
emerging appreciation on oil toxicity as, fish embryos’ long-term exposure to weathered
oil (3- to 5- ringed PAHS) at ppb concentrations which causes populations to have
indirect effects like growth abnormalities and behavior with long-term effects on
mortality and reproduction.

Whilst only few studies have exhibited enhanced mortality of fish as a
consequence of oil spills (IPIECA, 1997; Hjermann et al., 2007; Fodrie et al., 2014),
fish stocks which spawning areas or egg and larval distribution extensions, close to oil
spillage location are considered to be especially vulnerable (Hjermann et al., 2007;
Rooker et al., 2013, Langangen et al., 2017).

Besides being an exceptional marine ecosystem, Turkish Straits System (TSS)
is a very important marine transportation route. However, the heavy maritime traffic
through TSS gives rise to accidents and consequently oil spills, which can toxify this
peculiar environment. According to Bozkurtoglu (2017), there have been over 40 heavy
accidents occurred in the Istanbul Strait since 1960.

The aim of this study is to draw attention to an oil spill accident’s potential in
initiating a sequence of destructive alterations and finally leading to collapse of delicate
fish stocks. We tried to gather available knowledge of oil spill effects on fish species,
considering the changes in their bio-ecological situations. In the scope of several studies
conducted after major oil spill incidents worldwide, we target to present a basic guide
for scientists and authorities to intervene efficiently and to evaluate the effected fish
populations properly in case of an accident along the TSS.

2. Importance of the Subject Area in terms of Fish Diversity, Species Bio-
ecology and Fisheries Industry

From north to south; the Istanbul Strait, the Sea of Marmara and the
Dardanelles Strait constitute the Turkish Straits System which is unique as a transitional
zone between the Mediterranean and the Black Sea, owing to its geographical and
hydrological characteristics. It extends along, a corridor, as a barrier, or/and an
acclimatization zone for marine life (Oztiirk and Oztiirk, 1996). The Sea of Marmara
functions as a barrier by limiting the dispersal of high saline Mediterranean species
and/or low saline Black Sea species. The Sea of Marmara is also a substantial biological
corridor for many migratory species of fish including economically important and
endangered species, also marine mammals and birds. As an acclimatization zone, some
Mediterranean species adjust to the conditions of the Black Sea and/or the Black Sea
species to the Aegean Sea (Oztiirk, 2006).

Fishes of the Turkish Straits System: According to current studies, the Sea
of Marmara hosts 257 fish species and it is the third in terms of species diversity, after
Aegean Sea and the Mediterranean coasts of Turkey (Bilecenoglu et al., 2014).
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Fishery in the Sea of Marmara covers about 8% of Turkish marine fish
production and largest part of this rate belongs to the small pelagic species. 10% of the
small pelagic fish catch in Turkey is obtained from the Sea of Marmara. The most
abundant small pelagic species are anchovy (Engraulis encrasicolus), European
pilchard (Sardina pilchardus) Mediterranean horse  mackerel  (Trachurus
mediterraneus), European sprat (Sprattus sprattus) amd Atlantic horse mackerel
(Trachurus trachurus). Additionally, there are economically important large pelagic
predators like swordfish (Xiphias gladius), tuna (Thunnus thynnus), bluefish
(Pomatomus saltatrix) and bonito (Sarda sarda). Main demersal fishes can be listed as
whiting (Merlangius merlangus), surmullet (Mullus surmuletus), goatfish (Mugilidae
spp.), European hake (Merluccius merluccius), anglerfish (Lophius piscatorius) and
salema (Sarpa salpa) (Demirel and Giil, 2016).

A total of 49 fish species from the Sea of Marmara are protected under several
international protocols (Bern, Bonn and Barcelona) and/or listed in IUCN Red List,
with the highest 4 conservation status; Critically endangered (CR), Endangered (EN),
Vulnerable (VU) and Near threatened (NT) (Table 1.).

These 49 species are extracted from:

" Appendix Il (Strictly Protected Fauna Species) and Appendix Il
(Protected Fauna Species) of Bern Convention as known as: “Convention on the
Conservation of European Wildlife and Natural

Habitats” (https://www.coe.int/en/web/conventions/full-list/-/conventions/treaty/104),

" Appendix | (Endangered Migratory Species) and Appendix I
(Migratory Species Conserved Through Agreements) of Bonn Convention as known as:
“Convention on the Conservation of Migratory Species of Wild Animals
(CMS)” (https://www.cms.int/en/species),

" Annex Il (List of Endangered or Threatened Species) and Annex IlI
(List of Species Whose Exploitation is Regulated) of Barcelona Convention as known
as: “Protocol concerning Specially Protected Areas and Biological Diversity in the
Mediterranean (SPA / BD)” (UNEP/MAP-SPA/RAC, 2018a,b)

" IUCN Red List of Threatened Species (Table 1))
(https://www.iucnredlist.org/search)

The Sea of Marmara as a Spawning Area: Owing to its high nutritious
content and high density of plankton, the Sea of Marmara represents a spawning and
nursing habitat of many species. Economically valuable fishes like Atlantic mackerel
(Scomber scombrus), bonito and bluefish enter the Sea of Marmara for breeding and
feeding and spend a part of their life here (Demir,1961; 1969; 1975). Eggs and larvae of
21 fish species have been determined in the area according to a doctoral dissertation and
master thesis as well as final reports of research projects (Ylksek, 1993, Okus et al.,
1998; Demirel 2014).
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Table 1. Fish species from the Sea of Marmara, protected under several
international protocols (A.: Appendix/Annex, *: Economically important).

Scientific Common IUCN| Bern | Bern | CMS | CMS [SPA/BD(SPA/BD
name name status| Al AL AL [ AITL | AL AN
Hexanchus griseus Bluntnose sixgill shark | NT

Carcharodon carcharias | Great white shark VU + + + +
Lamna nasus Porbeagle VU + + +
Alopias superciliosus Bigeye tresher shark VU +
Alopias vulpinus Common tresher shark | VU + +
Scyliorhinus stellaris Nursehound NT

Galeorhinus galeus Tope shark VU +
Mustelus asterias Starry smooth-hound +
Mustelus mustelus Common smoothhound| VU +
Prionace glauca Blue shark NT + + +
Dalatias licha Kitefin shark NT

Oxynotus centrina Angular roughshark VU +
Centrophorus granulosus | Gulper shark +
Squalus acanthias picked dogfish VU + +
Squatina oculata Smoothback angelshark] CR +
Squatina sguatina Angelshark + + + +
Dipturus batis Blue skate CR +
Dipturus oxyrinchus Longnose skate NT

Raja asterias Starry ray /skate NT

Raja clavata Thornback ray / skate | NT

Raja radula Rough ray / skate EN

Gymnura altavela Spiny butterfly ray VU +
Chimaera monstrosa Rabbitfish NT
* Acipenser gueldenstaedtii | Danube sturgeon CR +

* Acipenser nudiventris Fringebarbel sturgeon | CR +

* Acipenser stellatus Starry sturgeon CR + +

* Acipenser sturio Atlantic sturgeon + + + +

* Huso huso Beluga + + + +

* Alosa fallax Twaite shad + +
* Anguilla anguilla European eel CR + +
Hippocampus guttulatus Long-snouted seahorse + +
Hippocampus hippocampus | Short-snouted seahorse + +
Syngnathus abaster Black striped pipefish +

* Epinephelus marginatus | Dusky grouper EN + +
* Pomatomus saltatrix Bluefish VU

* Trachurus trachurus Atlantic horse mackerel| VU

* Dentex dentex Common dentex VU

* Pagellus bogaraveo Blackspot seabream NT

* Sciaena umbra Brown meagre NT + +
* Umbrina cirrosa Shi drum + +
Labrus viridis Green wrasse VU

Ponticola syrman Syrman goby +

Pomatoschistus minutus Sand goby +

Zosterisessor ophiocephalus | Grass goby +

* Thunnus alalunga Albacore NT

* Thunnus thynnus Atlantic bluefin tuna EN +
* Xiphias gladius Swordfish +
Balistes capriscus Grey triggerfish VU

Mola mola Ocean sunfish VU
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3. Major Oil Spill Accidents and Studies on Affected Fish Populations

Exxon Valdez Oil Spill (EVOS), 1989: According to Peterson et al. (2003),
before EVOS, in case of a contamination, mainly short-term monitoring studies and
acute toxicity observations on laboratory-tolerant species were conducted in order to
construct risk assessment models to anticipate ecological effects of PHCs. Peterson et
al. (2003) also suggest a change on the prevailing practices used to assess ecological
risks of oil other toxic sources and note that ecosystem-based toxicology should be
developed for a better understanding and prediction on chronic, delayed, indirect long-
term threats and impacts. There are studies documenting consecutive events affecting
the survival or reproduction of organisms indirectly, following sub-lethal exposures.
Sub-lethal consequences such as abnormal development in the early life stages of fish
species were revealed by controlled laboratory studies. Oil exposure led to reduced
growth rates in salmon fry, Pink salmon survival was also decreased indirectly, due to
size dependent predation in the marine stage of their life cycle (Rice et al., 2001;
Willette et al., 2000). Heintz et al., (1999) demonstrated, returning pink salmon (which
had been exposed to oil previously in 1993, while they were embryos and fry) have
reduced survival for their embryos. This is an impressive example to the reproductive
impairment from sub lethal dosing. Definitive experimental studies revealing sub lethal
exposure as a reason to compromised survival and reproduction, adjust our knowledge
on xenobiotics exposure during sensitive early stages in vertebrate development causing
increased mortality and reproductive deterioration in later life stages by means of
endocrine perturbation and abnormalities in development (Arkoosh and Collier, 2002).
Abnormal development occurred in herring and salmon after exposure to the Exxon
Valdez oil (Marty et al., 1997; Carls et al., 2001).

Prestige Oil Spill (POS), 2002: Martinez-Gomez et al., (2006) declare that
there were no studies conducted in the northern Iberian Shelf with biomarkers of
contaminant exposure or impacts on fish. They aimed examine series of biomarkers on
fish species after the accident in order to determine impairment from toxicity, and to
find out the effectiveness of the chosen biomarkers in L.boscii (four-spotted megrim)
and C.lyra (dragonet), to be evaluated for bio monitoring programmes along the area. In
conclusion they explained the applied biomarkers in these two demersal species can be
used to determine various biological responses among regions of Iberian shelf. The
results also show, C. lyra and L. boscii as favorable target species to be evaluated in
biomonitoring programmes. The findings also suggest that oxidative stress increase in
L. boscii may be caused by oil spill which led to exposure of hydrocarbons.

Deepwater Horizon Disaster (DHD), 2010: After the last major US oil spill
(the 1989 EVOS in Alaska), developing fish embryos were exposed to be mostly
sensitive to crude oil which is very toxic. The northern Gulf of Mexico where DHD
took place, embraces important spawning and rearing habitats for many economically
and ecologically valuable pelagic fish species like; mahi mahi (Figure 1), yellowfin tuna
and bluefin tuna king, greater and lesser amberjack, and Spanish mackerels, sailfish,
cobia and blue marlin, Yellowfin tuna (Thunnus albacares) and greater amberjack
(Seriola dumerili) are very important for commercial fisheries. As well, Atlantic bluefin
tuna (T. thynnus) was petitioned for the list under the US Endangered Species Act.
Unfortunately the oil leakage into the ecosystem from the damaged DH/MC252
overlaps with the temporal spawning season of these pelagic fishes. The loss of early
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life phases of these and other pelagics, due to oil contamination in spawning habitats is
a crucial issue for fisheries management and conservation (Incardona et al., 2011).

Regarding the results of their study, Incardona et al., (2011) declared the
developing spawn (embryos and larvae) of large pelagic predator fish species were
found to be potentially exposed to PAHs derived from crude oil. PAH induced
cardiotoxicity that fish embryos are especially vulnerable, and abnormalities in heart
physiology and morphology can lead to acute and delayed mortality. With their high
aerobic demand, cardiac function is specifically crucial for fast-swimming pelagic
predators. They have also indicated that, the cardiac development of local fishes, as
being exceptionally delicate to and reliable indicator of crude oil effects should be
focused on during vulnerability determination studies in different ocean habitats,
including the Arctic.

Figure 1. Study on the effects of oil spill exposure on mahi mahi (Coryphaena
hippurus) after Deepwater Horizon accident (Xu et al, 2016).

4. Major Accidents in the Sea of Marmara and Necessary Strategy for
Monitoring

Bozkurtoglu (2017), pointed out the intense maritime traffic through the
Istanbul Strait as having a potential to cause considerable ecological threats to the local
environment. However, after a numerous accidents occurred, we still have a very few
knowledge on the effects of oil on local fish populations.

Independenta / Evriali (Romanian tanker / Greek freighter - 1979):
collided at Haydarpasa. An enormous explosion occurred. The tanker sank and spilled
approximately 94,000 tons of oil, 30,000 tons of which kept burning for days. Wreck
stayed grounded and affected the area for some years. Crude oil sank to the bottom
covering an area of approximately 5.5 km in diameter. Large amounts of dead fish were
found in the Sea of Marmara (Baykut et al., 1985; Oztiirk et al., 2006; Istikbal, 2006;
Bozkurtoglu, 2017). Following the Independenta/Evriali marine collision in 1979,
which caused significant economic and ecological damages particularly for fisheries
(damage of fishing nets, boats) fifteen fishery cooperatives were compensated with the
total amount of 291,500 USD (Oztiirk and Balcioglu, 2017).
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Blue Star / Gaziantep (Panama tanker / Turkish crude oil tanker — 1988):
Blue Star was loaded ammoniac and huge quantities of ammoniac polluted the area
(istikbal, 2006).

Nassia / Shipbroker (Southern Cyprus oil tanker / Southern Cyprus bulk
carrier - 1994): collided at the northern entrance of the Istanbul Strait. 20 thousand tons
of oil spilled into the Black Sea, Istanbul Strait and the Sea of Marmara. The tanker
burned for several days. Thick oil and pitch covered the coastline, bays and beaches.
Many marine mammals were found dead along the area as well as benthic organisms
and sea birds (Oztiirk et al., 2006; Istikbal, 2006).

Volganeft 248 (Russian oil tanker - 1999): grounded and broke in two and
sank at the southern entrance of the Istanbul Strait. 1,200 tons of fuel oil spilled and
caused 90% mortality of marine life. Black goby (G. niger), common sole (S. solea),
flathead grey mullet (M. cephalus) and tub gurnard (C. lucerna) were among the marine
organisms found dead along the polluted area (Oztiirk et al., 2006; Istikbal, 2006;
Bozkurtoglu, 2017).

Gotia (Russian oil tanker - 2001): collided to Emirgan Harbour wall. 22 tons
of oil spilled into the istanbul Strait and exterminated all mussel beds (Guiven, 2002).

Svyatoy Panteleymon (Georgian cargo ship - 2003): grounded close to
Anadolu Feneri, northern entrance of Istanbul Strait. 220 tons of diesel and 260 tons of
fuel oil spilled into the sea contaminating the fishing grounds of up to 2 miles off the
shore. Spawning areas of commercially important demersal fish species like sole,
flounder and turbot were spoilt (Oztiirk et al., 2006; Bozkurtoglu, 2017).

5. Conclusion

Fishes are one of the vital constituents of marine ecosystem. Especially, small
pelagic fishes have an important role in this system, regarding their interaction with
both lower and upper trophic levels of the food chain (Palomere et al., 2007). Small
pelagic fish species, like pilchards and anchovies, stand in a fundamental position
during transferring energy in food webs. They often constitute the main bond between
primary (phytoplankton) and secondary (zooplankton) production and large predators.
This trophic position is called the ‘wasp’s waist’ since small pelagic fishes feed on
many species and are eaten by many species. They are also short living species, with
highly wvulnerable egg and larval recruitment to changes in atmospheric and
oceanographic conditions (FAO, 2016). Having 10% of the small pelagic fish catch of
the country, the Sea of Marmara needs a special attention for the protection of its
inhabitants. Among 257 fish species, 49 of them are evaluated vulnerable for protection
and conservation. Angelsharks (Squatina spp.), first degree endangered species are
known to distribute and consider the Sea of Marmara as a breeding zone (Yiksek,
1993), 17 species have high economic value such as; Atlantic horse mackerel (T.
trachurus), common dentex (D. dentex), brown meagre (S. umbra), dusky grouper (E.
marginatus) and Atlantic bluefin tuna (T. thynnus) etc. These sensitive species’
populations may suffer rather badly from an oil contamination with regard to their
status. Any stock decrease or even collapse may cause huge problems economically and
environmentally.
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In order to guide the authorities in determination of the short-term oil spill
response and related operations, Bozkurtoglu (2017), aimed to constitute a
mathematical model predicting oil spill mobility on the surface waters. A basic yet
operative transport model was established to lead civil protection authorities in the
arrangement of contingency plans for Istanbul Strait and to manage and clean oil spills
effectively. Bozkurtoglu (2017) studied on three main subjects:

a) The speed of the spilt oil until it reaches the shoreline in certain
circumstances

b) Directions of the spilt oil’s dispersion until it reaches the shoreline
¢) Time span the spilt oil remains in the region

Results of the model reveals that in case of an oil spill in Istanbul Strait, the
contamination is likely to reach both European and Asian coasts in a couple of hours.
An oil slick originated from a spill in the northern entrance of the strait can spread
through Istanbul Strait and reach both eastern and western sides in 1-2 hours and the
southern end in only 8-10 hours. Thus it is important to act immediately and to carry out
an emergency action plan in accordance with the procedures gathered from scientific
simulation studies.

Regarding the results of many studies conducted after major oil spill incidents
we can clearly see, fish populations are subject to contamination from oil and other
related chemical compounds those enhance acute, chronic and/or delayed diseases, also
mortality, that can still be observed even in the decades following the exposure.
Therefore reviewing all existing knowledge on bio-ecological characteristics of fish
populations and performing monitoring studies to understand effects of a possible oil
spill exposure is crucial.

For this reason, following information for fish populations and accident pattern
should be taken into consideration:

a) Spatial structure of natural mortality,

b) Spawning season and regions,

c) Behavior of fish larvae such as vertical migration,

d) Current speed and direction to understand water movement,
e) Location and covered area of the oil spill,

f) Toxic level of various oil-components,

g) Sensitivity of species and their life stages of different toxicity.

References

Arkoosh M.R. and T.K.Collier, 2002. Ecological Risk Assessment Paradigm for
Salmon: Analyzing Immune Function to Evaluate Risk, Human and Ecological
Risk  Assessment: An International Journal, 8(2), 265-276, DOI:
10.1080/20028091056908.

Baykut, F., A. Aydin and I. Artiiz, 1980. Investigation on the environmental problems
caused by tanker fires. Istanbul University, Environmental Problems Research
Center Publications, 1, 60 (in Turkish).

Beverton R.J.H. and S.J. Holt, 1957. On the dynamics of exploited fish populations.
Great Britain Ministry of Agriculture, Fisheries and Food, London

268



Bilecenoglu, M., M. Kaya, B. Cihangir and E. Cicek, 2014. An updated checklist of the
marine fishes of Turkey. Turkish Journal of Zoology, 38, 901-929.

Bozkurtoglu, E.N., 2017. Modeling oil spill trajectory in Bosporus for contingency
planning. Marine Pollution Bulletin 123, 57-72.

Carroll, J., F. Vikebg, D. Howell, O.J. Broch, R. Nepstad, S. Augustine, G.M. Skeie, R.
Bast and J. Juselius, 2018. Assessing impacts of simulated oil spills on the
Northeast Arctic cod fishery Marine Pollution Bulletin 126, 63-73.

Crone T.J. and M. Tolstoy, 2010. Magnitude of the 2010 Gulf of Mexico Oil Leak.
Science, 330(6004), 634.

Demir, M.,1961. On the eggs and larvae of the Trachurus Trachurus (L.) and Trachurus
Mediterraneaus (Stahnr) from the Sea of Marmara and Black Sea. Rapp. P.V.
Reunions C.1.E.S.M.M., Monaco, 16(2), 317-320.

Demir, N., 1969. The pelagic eggs and larvae of Teleostean fishes in Turkish waters.
Rev.Fac.Sci. Univ.lst., Seri B., 34, 43 -74.

Demir, N., 1974. The pelagic eggs and larvae of Teleostean fishes in Turkish waters I1.
Engraulidae., Rev. Fac. Sci U.1., Istanbul, Seri B, 39, 49 -66.

Demirel, N., 2014. Distribution and abundance of teleost fish eggs and larvae in the Sea
of Marmara. MSc Thesis, Istanbul University, istanbul (in Turkish).

Demirel, N. and G. Gul, 2016. Demersal Fishes and Fisheries in the Sea of Marmara, in:
The Sea of Marmara - Marine Biodiversity, Fisheries, Conservation and
Governance, (Eds.) Ozsoy E., Cagatay M.N., Balkis N., Balkis N., Oztiirk B.,
Turkish Marine Research Foundation Press, Istanbul, 630-643, ISBN 978-975-
8825-34-9.

FAO, 2003. The ecosystem approach to fisheries. FAO Technical Guidelines for
Responsible Fisheries. Rome, FAO. 112.

FAO, 2016. Fishery Information, Data and Statistics Unit GFCM capture production
1970-2014. FISHSTAT J - Universal software for fishery statistical time series.

Fodrie, F.J., KW. Able, F. Galvez, K.L. Heck, O.P. Jensen, P.C. Lopez-Duarte, C.W.
Martin, R.E. Turner and A. Whitehead, 2014. Integrating organismal and
population responses of estuarine fishes in Macondo spill research. Bioscience
64:778-788. http://dx.doi.org/10.1093/biosci/biul23.

French-McCay, D.P. 2004. Qil spill impact modeling: development and validation.
Environmental Toxicolology and Chemistry, 23, 2441-2456.

Hansson, S., C.L.J. Frid, S.A. Ragnarsson, A. Rijnsdorp and S.A. Steingrimsson, 1999.
Changing levels of predation on benthos as a result of exploitation of fish
populations. Ambio, 28, 578-582.

Heintz, R.A., J.W. Short and S.D. Rice, 1999. Sensitivity of fish embryos to weathered
crude oil. Part Il. Increased mortality of pink salmon (Oncorhynchus
gorbuscha) embryos incubating downstream from weathered Exxon Valdez
crude oil. Environmental Toxicological Chemistry, 18(3), 494-503.

Hjermann, D.@., A. Melsom, G.E. Dingsgr, J.M. Durant, A.M. Eikeset, L.P. Roed, G.
Ottersen, G. Storvik and N.C. Stenseth, 2007. Fish and oil in the Lofoten-
Barents Sea system: synoptic review of the effect of oil spills on fish
populations. Marine Ecology Progress. Series, 339, 283-299.

Horbowy, J. and A. Luzenczyk, 2016. Effects of multispecies and density dependent
factors on MSY reference points: Example of the Baltic Sea sprat. Canadian
Journal of Fisheries and Aquatic Sciences, in press 10.1139/cjfas-2016-0220.

269


http://dx.doi.org/10.1093/biosci/biu123

Incardona, J.P., L.D. Gardner, T.L. Linbo, T.L. Brown, A.J. Esbaugh, E.M. Mager, J.D.
Stieglitz, B.L. French, J.S. Labenia, C.A. Laetz, M. Tagal, C.A. Sloan, A.
Elizur, D.D. Benetti, M. Grosell, B.A. Block and N.L. Scholz, 2014.
Deepwater Horizon crude oil impacts the developing hearts of large predatory
pelagic fish. Proceedings of the National Academy of Sciences, 111, E1510-
E1518.

IPIECA, 1997. Biological Impacts of Qil Pollution: Fisheries. International Petroleum
Industry Environmental Conservation Association.

Istikbal, C., 2006. Turkish Straits: Difficulties and the Importance of Pilotage. In:
Turkish Straits - Maritime Safety, Legal and Environmental Aspects (Eds:
Oral, N. and Oztiirk, B.) Turkish Marine Research Foundation, Istanbul.
Publication No:25, 66-80.

Jewett, S.C., T.A. Dean, B.R. Woodin, M.K. Hoberg and J.J. Stegeman, 2002. Exposure
to hydrocarbons 10 years after the Exxon Valdez oil spill: evidence from
cytochrome P4501A expression and biliary FACs in nearshore demersal fishes.
Marine Environmental Research, 54, 21-48.

Kerr, R., E. Kintisch and E. Stokstad, 2010. Will Deepwater Horizon set a new standard
for catastrophe? Science, 328, 674-675.

Kujawinski, E.B., M.C.K. Soule, D.L. Valentine, A.K. Boysen, K. Longnecker and
M.C. Redmond, 2011. Fate of dispersants associated with the Deepwater
Horizon oil spill. Environmental Science and Technology, 45(4):1298-1306.

Labson, V.F., R.N. Clark, G.A. Swayze, T.M. Hoefen, T.M., Kokaly, Raymond., K.E.
Livo, M.H. Powers, G.S. Plumlee, and G.P. Meeker, 2010. Estimated
minimum discharge rates of the Deepwater Horizon spill—Interim report to the
Flow Rate Technical Group from the Mass Balance Team: U.S. Geological
Survey Open-File Report 2010-1132, 4.

Langangen, @., E. Olsen, L.C. Stige, J. Ohlberger, N.A. Yaragina, F.B. Vikebg, B.
Bogstad, N.C. Stenseth and D.@. Hjermann, 2017. The effects of oil spills on
marine fish: Implications of spatial variation in natural mortality Marine
Pollution Bulletin, 119,102-1009.

Martinez-Gomez, C., Campillo, J.A., Benedicto, J., Fernandez, B., Valdes, J., Garcia, 1.,
Sanchez, F. 2006. Monitoring biomarkers in fish (Lepidorhombus boscii and
Callionymus lyra) from the northern Iberian shelf after the Prestige oil spill.
Marine Pollution Bulletin, 53.

McGarvey, R., J.M. Matthews, J.E. Feenstra, A.E. Punt, A.Linnane, 2016. Using
bioeconomic modeling to improve a harvest strategy for a quota-based lobster
fishery. Fisheries Research, 183, 549-558.

Murawski, S.A., 2000. Definitions of overfishing from an ecosystem perspective. ICES
Journal of Marine Science, 57, 649-658.

Okus, E., A. Yiiksek, A. Uysal, V. Orhon, H. Altiok, S. Oztiirk and O. Camurcu, 1998.
Marmara Denizi’nde teleost baliklarin pelajik yumurta ve larvalarinin tespiti ve
bollugu. TUDBIE, Sunulan Kurum: TUBITAK, Istanbul.

Oztiirk, B., 2006. Invasive Species of the Turkish Straits. In: Turkish Straits - Maritime
Safety, Legal and Environmental Aspects (Eds: Oral, N. and Oztiirk, B.)
Turkish Marine Research Foundation, Istanbul. Publication No:25.

Oztiirk, B. and A.A. Oztiirk, 1996. Biology of the Turkish Straits System. In: Dynamics
of Mediterranean Straits and Channels (Ed: Briand F.) Bulletin of
Oceanography. No. Special 17, 205-221, Monaco.

270



Oztiirk, B., O. Poyraz and E. Ozgiir, 2006. The Turkish Straits: Some Considerations,
Threats and Future. In: Turkish Straits - Maritime Safety, Legal and
Environmental Aspects (Eds: Oral, N. and Oztirk, B.) Turkish Marine
Research Foundation, Istanbul. Publication 25, 116-132.

Oztiirk, B. and E.B. Balcioglu, 2017. Notes on the fisheries compensation for the
Independenta/Evriali incident in the Istanbul Strait, Turkey. J. Black
Sea/Mediterranean Environment, 23(2), 187-190.

Palomera, I., M.P. Olivar and J. Salat, 2007 Small pelagic fish in the NW Mediterranean
Sea: an ecological review. Progress in Oceanography, 74, 377-396.

Papaconstantinou, C. and H. Farrugio, 2000. Fisheries in the Mediterranean.
Mediterranean Marine Science, 1, 5-18.

Peterson, C.H., S.D. Rice, JW. Short, J.L. Esler, B.E. Bodkin, and D.B. Ballachey,
2003. Long-Term Ecosystem Response to the Exxon Valdez Qil Spill. Science,
302(5653):2082-2086. DOI: 10.1126/science.1084282

Rice, S.D., R.E. Thomas, M.G Carls, R.A. Heintz, A.C.Wertheimer, M.L. Murphy, J.W.
Short, and A. Moles, 2001. Impacts to pink salmon following the Exxon
Valdez oil spill: Persistence, toxicity, sensitivity, and controversy. Review in
Fisheries Science, 9,165-211.

Rooker, J.R., L.L. Kitchens, M.A. Dance, R.J.D. Wells, B. Falterman and M.Cornic,
2013. Spatial, temporal, and habitat-related variation in abundance of pelagic
fishes in the Gulf of Mexico: potential implications of the Deepwater Horizon
oil spill. PLoS One 8(10).

Sanchez F., F. Velasco, J.E. Cartes, |I. Olaso, | Preciado, E. Fanelli, A. Serrano, and J.L.
Gutierrez-Zabala, 2006. Monitoring the Prestige oil spill impacts on some key
species of the Northern Iberian shelf. Marine Pollution Bulletin, 53 (5-7), 332-
349,

Stergiou, K.l., S. Somarakis, G. Triantafyllou, K.P. Tsiaras, M. Giannoulaki, G.
Petihakis, A. Machias, and A.C.Tsikliras, 2016. Trends in productivity and
biomass yields in the Mediterranean large marine ecosystem during climate
change. Environmental Development 17(Suppl.1), 57-74.

UNEP/MAP-SPA/RAC, 2018a. SAP/RAC: SPA-BD Protocol - Annex II: List of
endangered or threatened species.

UNEP/MAP-SPA/RAC, 2018b. SAP/RAC: SPA-BD Protocol - Annex Ill; List of
species whose exploitation is regulated

Vikebg, F.B., P. Rgnningen, V.S. Lien, S. Meier, M. Reed, B. Adlandsvik and T.
Kristiansen, 2014. Spatio-temporal overlap of oil spills and early life stages of
fish, ICES Journal of Marine Science, 71, 970-981.

Willette, M., R.T. Cooney and K. Heyer, 2000. Predator foraging mode shifts affecting
mortality of juvenile fishes during the subarctic spring bloom. Canadian
Journal of Fisheries and Aquatic Science, 56, 364.

Yiksek, A., 1993. Distribution and abundance of pelagic eggs and larvae of teleost
fishes from the northern Sea of Marmara. Doctoral Dissertation, Istanbul
University, Istanbul (in Turkish).

Zenetos, A, . Siokou-Frangou, O. Gotsis-Skretas and S. Groom, 2002. The
Mediterranean Sea — blue, oxygen rich, nutrient poor waters. European
Environment Agency, Copenhagen, Denmark. Technical report.

271


javascript:void(0)
javascript:void(0)

TURKISH
MARINE @
RESEARCH
FOUNDATION

ISBN: 978-975-8825-39-4

o D¢
\ \



https://www.researchgate.net/publication/330102962



