
INTRODUCTIONTO MARINE ECOLOGY

• RELATIONSHIPS - "ecology"
They can be biotic to biotic, or biotic to abiotic, even abiotic
to abiotic

• Habitat- physical location of a organism
•Niche- role or function in the habitat
•Continuing with the ecosystem (observer defined)

•Ecosystems are often named according to the dominant
species in the area

•BEECH/ MAPLE FOREST, OAK/HICKORY FOREST,
•CORAL REEF,
•MANGAL

ZONATION ABIOTIC
.1water ocean bottom



• Tidal areas fig. 8-4 pg. 287 (trace ers
and



• Tidal areas (trace here) (lumpers and splitters)

ZONATION BIOTIC

• Pelagic

•plankton- drifters phyto/zoo

•nekton- swimmers

•Benthic

•demersal- swim and rest- flounders, shrimp

• epifauna- live on the surface corals, anemones, star fish

•infauna- live in the benthic muds- tube worms,

cucumbers



Pelagic organisms
• Organisms that live in the pelagic (liquid) environment:

–Live suspended within the water column
–Can float or swim

–Have adaptations that allow them to stay above the
ocean floor
Staying above the ocean floor

• Adaptations for staying above the ocean floor:
–Rigid gas containers
–Swim bladder
–Ability to float



Gas containers in cephalopods

Swim bladder
Microscopic floating organisms: Radiolarians

• Radiolarians produce a hard test composed of silica
•Tests have projections to increase surface area



Microscopic floating organisms: Foraminifers

• Foraminifers produce a hard test composed of calcium
carbonate

•Test is segmented or chambered
Microscopic floating organisms: Copepods

• Copepods have a hard exoskeleton and a segmented body
with jointed legs

•Relatives of shrimp, crabs, and lobsters
Macroscopic floating organisms: Krill

• Krill are related to copepods but are larger in size
•Abundant in Antarctic waters, where they are a favorite food

of the largest whales
Macroscopic floating organisms: Coelenterates

• Coelenterates are soft-bodied organisms including:



–Siphonophores (Portuguese man-of war)
Scyphozoans (jellyfish

Swimming organisms (nekton)

• Larger pelagic organisms can swim against currents and
often migrate long distances

•Nektonic organisms include:
–Squid
–Fish

–Marine mammals

Squid

• Squid are invertebrates that swim by taking water into
their body cavity and forcing it out through their siphon



Fish: Swimming motions and fins



Fish: Adaptations

• Feeding styles: Lungers versus cruisers
–Lungers sit and wait for prey to come close by
–Cruisers actively seek prey
•Cold-blooded versus warm-blooded

–Most fish are cold-blooded
–A few active fish are warm-blooded
•Many fish school to avoid predators

Fish: Deep-water nekton

• Adaptations of deep-sea fish:
–Good sensory devices
–Bioluminescence
–Large, sharp teeth

–Large mouths and expandable bodies
–Hinged jaws

Benthic organisms

• Benthic organisms are those that live in or on the ocean floor
•More than 98% of known marine species are benthic

•The vast majority of benthic species live within the shallow
continental shelf
Rocky shores: Intertidal zonation and organisms



Sea anemone

• A vicious predator cleverly disguised as a harmless flower
but armed with stinging cells

Sediment-covered shores

• Most organisms burrow into the sediment (infauna)
•Sediment-covered shores include:

–Beaches
–Salt marshes
–Mud flats

Sediment-covered shores: Intertidal zonation and

organisms



Shallow offshore ocean floor

• Extends from the spring low-tide shoreline to the edge of the
continental shelf

•Mostly sediment-covered but contains rocky exposures
•Includes:

–Kelp forests
–Coral reefs

Kelp forests

• Kelp forests are found on rocky bottoms and provide habitat for many
organisms

•Gant brown bladder kelp Macrocystis has a strong holdfast and
gas-filled floats

•Macrocystis can grow up to 0.6 meter (2 feet) per day
Coral reefs

• Coral reefs are hard, wave-resistant structures composed of individual
coral animals (polyps)

•Individual coral polyps:
–Are about the size of an ant
–Are related to jellyfish
–Feed with stinging tentacles
–Live attached to the sea floor in large colonies
–Construct hard calcium carbonate structures for protection

– Contain symbiotic photosynthetic zooxanthellae algae



Coral reef zonation



The deep-ocean floor

• Characteristics of the deep ocean:
–Absence of sunlight
–Temperatures around freezing
–Average salinity
–High dissolved oxygen
–Extremely high pressure
–Slow bottom currents (except abyssal storms)
–Low food supply

Food sources for deep-sea organisms



Deep-sea hydrothermal vent biocommunities

• Found in deep water near black smokers along the mid-ocean
ridge

•Do not rely on food from sunlit surface waters
•Organisms include:

–Tube worms
–Clams
–Mussels
–Crabs
–Microbial mats



How are vents created?

The vents tend to be located deep in the ocean. For
example, in the Atlantic ocean, some 7000 feet beneath the
surface, hydrothermal vents are associated with
underwater mountain chain called the Mid-Ocean Ridge.
This ridge is geologically active with an upwelling of hot
magma and volcanic activity. The tectonic plate
movements cause faulting and seawater that then enters
the cracks is superheated by the molten magma. The
superheated water and steam and spews out through
hydrothermal vents

Hydrothermal Vents

1. cold seawater sinks down through the crust

2.O2 and K are removed from the seawater.

3 .Ca, SO4, and Mg are removed from the fluid.

4 .Na, Ca, and K from the crust enter the fluid.

5. Highest temperatures (350-400 oC), Cu, Zn, Fe, and H2S
from the crust dissolve in the fluids.

6. Hot & acidic fluids with dissolved metals rise up through
crust.

7. The hydrothermal fluids mix with cold, O2-rich seawater.
Metals and sulfur combine to form metal-sulfide minerals:



MnO2, FeO(OH),…

Do Vents Affect the Entire Ocean?
The world’s oceans contain many chemicals other than water and
salt. Where do these chemicals come from? Rivers carry some of
the chemicals into the ocean. Hydrothermal vents supply others.



When seawater seeps down into the ocean crust and is heated by
the magma, it undergoes lots of chemical reactions.

When the fluid rises up through the seafloor, it carries many new
chemicals with it, such as copper and zinc. These chemical
reactions also remove chemicals from the seawater, such as
oxygen and magnesium. Here is a look at some of the many

chemical reactions that take place.

1 .Cold seawater sinks down through cracks in the crust

2 .Oxygen and potassium are removed from the seawater .

3 .Calcium, sulfate, and magnesium are removed from the fluid .

4. Sodium, calcium, and potassium from the surrounding crust
enter the fluid.

5. The fluids have reached their highest temperatures. Copper,
zinc, iron, and sulfur from the crust dissolve in the fluids

6 .Hot fluids carrying dissolved metals rise up through crust .

7. The hydrothermal fluids mix with cold, oxygen-rich seawater.
Metals and sulfur combine to form black metal-sulfide minerals

*Some vents, known as "black smokers," spew out a black-colored
mixture of iron and sulfide. "White smokers" spew out a whitish

mix of barium, calcium, and silicon.

* The material that emerges from hydrothermal vents is extremely
hot (up to 750° F [398.89° C]) and is very rich in minerals such as
sulfur. The minerals can precipitate out of solution to form

f a chimney can occur quickly



Black & White smokers

2. The seawater continues to seep far below this point in the ocean crust.
Energy radiating up from molten rock deep beneath the ocean floor raises
the water's temperature to around 350-400°C. As the water heats up, it
reacts with the rocks in the ocean crust. These chemical reactions change
the water in the following way:



- All oxygen is removed. It becomes acidic. It receive dissolved metals,
.including iron, copper and zinc. It picks up hydrogen sulfide.

3. Hot liquids are less dense and therefore more buoyant than cold liquids.
So the hot hydrothermal fluids rise up through the ocean crust just as a
hot-air balloon rises into the air. The fluids carry the dissolved metals and
hydrogen sulfide with them.
4. The hydrothermal fluids exit the chimney and mix with the cold seawater.
The metals carried up in the fluids combine with sulfur to form black
minerals called metal sulfides. These tiny mineral particles give the
hydrothermal fluid the appearance of smoke. Many factors cause this
reaction. One factor is the cold temperature of the seawater. A second
equally important factor is the presence of oxygen in the seawater. Without
oxygen, the minerals would never form.
- In white smokers, the hydrothermal fluids mix with seawater under the
seafloor. Therefore, the black minerals form beneath the seafloor before the
fluid exits the chimney. Other types of compounds, including silica, remain
in the fluid. When the fluid exits the chimney, the silica precipitates out.
Another chemical reaction creates a white mineral called anhydrite. Both of
these minerals turn the fluids that exit the chimney white.

To accomplish the conversion of sulfur to energy in a
process that does not utilize sunlight called
chemosynthesis. The energy is then available for use by
the other life forms, which directly utilize the energy,
consume the bacteria, or consume the organisms that rely
directly on the bacteria for nourishment. For example, the
tubeworms have no means with which to take in or
process nutrients. Their existence relies entirely on the
bacteria that live in their tissues.





















: (Photosynthesis : ةينيت لا لا ب يئوضلا بيكرتلا وأ قيلختلا وأ ليثمتلا وأ يئوضلا ءان (بلا ( )
تاعناصلا روضخيلا تاعناص يفو ءاقرزلا ايرتكبلا اي خ يف ثدحت ةدقعم ةيئايميك (ةيلمع

ةقاطلا ليوحت اهيف متي ثيح ؛ ايلعلا تاتابنلا و بلا حطلا نم لك يف تس بورولكلا وأ )ءارضخلا
ةيئايميك ةقاط ىلإ سمشلا ةعشأ تانوتوف لكش ىلع ةيسيطانغمورهك ةقاط نم ةيسمشلا ةيئوضلا

: ةيلا تلا ةلداعملا قفو زوكولجلا ركس طباور يف نزخت

6CO2 + 6H2O + light + chloroplasts = C6H12O6 + 6O2

: وه ةلداعملا هذه جتاون مهأ نمو

نيجسك ا نم ةئيزج اهلباقي ةلداعملا يف لخدت نوبركلا ديسكأ يناث نم ةئيزج لكو ; نيجسك ا
. لعافتلا نم ةجتان

. ةيلا ع ةقاط ىلع ةيواح تايركس تابكرم

يف ةلداعملا هذه متتو ، ةدقعم تاوطخ يف متت اهنكلو قباسلا اهعضو يف ةلداعملا هذه ةطاسب مغرو
: نيترود

دوجو ىلع دمتعت ت عافت يهو (Light reactions : ةيزيلجن بالإ ءوضلا ت عافت ىمست ىلو (ا
. هيلع لمعتو ءوضلا

عافت يهو نفلا ك ةرود ت عافت وأ (Dark reactions : ةيزيلجن بالإ م ظلا ت عافت ىمست (ةيناثلا
. ءوضلا يف تجتنأ يتلا ةيراهنلا تاجتنملل ً غتسا م ظلا يفو يل لمعت ت

تاوذ تاتابنلا يف نفلا ك ةرود ت عافت لمعتو ، نفلا ك اهفشتكم مساب م ظلا ت عافت تيمس دقو
س شتاه ةرود كانهو . يث لا ثلا نوبركلا ةرود ىمست كلذلو نوبركلا ةيث ث تابكرم يهو وأ نيتقلفلا

وأ (Monocotyledon) ةدحاولا ةقلفلا تاوذ تاتابنلا يف لمعت يهو (Hatch slak) ك

Monocot).

ماظنل ةنوكم ةرواجتملا ةيتابنلا اي خلا نم ةعومجم ىلع ءوضلا طوقسب أدبت يئوضلا ءانبلا ةيلمع
. ءارضخلا تاديتس بلا لخاد يئوض

تانورتكلا نم نورتكلأب نوتوفلا مدطصي ليفورولكلا ةئيزج ىلع ءوضلا تانوتوف طقست امدنع
ةتباث ريغ ةلا ح هذهو ، يلص ا هرادم نم زفقيو جيهت ةلا ح يف نورتكل ا حبصي اهدنع ليفورولكلا

, اهبستكا يتلا ةقاطلا قلطي هتدوع ءانثأو ةيناثلا نم ءزج ل خ يلص ا هرادم ىلإ ةدوعلل )ليميف )
اهناف يئوضلا ليثمتلا يف اما ، ةرولف وأ ءوض وأ ةرارح لكش ىلع نورتكل ا ةقاط قلطنت نأ نكمي

. يئايميك لعافت رييست ىلع لمعت



يث ث نيسونيد ا ةصاخ ةقاطلا ب ةينغلا ةيوضعلا تابكرملا يف نزتخت ةيئايميكلا ةقاطلا ـ
ADP + P + Energy : ةلداعملا يف امك تافسوفلا و (ADP) دوجوب كلذ متيو ; (ATP) تافسوفلا

= ATP

(NADPH) يطعيل ةقاطلا ةضفخنم (NADP+) تائيزج ربع ةينورتكل ا ةقاطلا هذه ضعب لقتنت ـ
.(NADPH)و (ATP) امه ةقاطلا اعفترم نابكرم نوكتي كلذبو ةقاطلا عفترم

" ديتويلكوينلا ىئانث نيتوكينلا ديما تافسوف ىئانث " لثمت NADP ثيح

" تافسوفلا يث ث نيسونيدا " لثمت ATP و

ىلإ (H2O) ءاملا تائيزج رطش يف تانورتكل ا نم ةلقتنملا ةيئوضلا ةقاطلا نم ءزج لغتسي ـ
. نيجسك الأ تانويأو نيجورديهلا تانويا

ا قلطنيو ، ةيلا تلا ةيويحلا تايلمعلا يف نيجورديهلا نويأ لخدي ـ

نيجسك

هنأ يأ ، روطشملا ءاملا نم جتان يئوضلا ءانبلا ةيلمع يف جتانلا نيجسك ا ردصم نإف كلذلو ـ
، هنم نيجورديهلا عزن دعب ءاملا نيجسكأ

Aerobic ) سفنتلا ةيئاوه ةيحلا تانئاكلا هسفنتتو ، ءاملا نيجسكأ سفنتن اننأ ثيح ـ
. ةيحلا تانئاكلا ماسجأ يف ىرخ ا ةيويحلا ءاملا فئاظو ىلع ةو ع (respiration

يئوضلا ليثمتلا يف رثؤت يتلا لماوعلا

. ةئيبلا ب قلعتت ةيجراخو تابنلا ب قلعتت ةيلخاد ، ةديدع لماوعب يئوضلا ءانبلا لدعم رثأتي

: ةيلخادلا لماوعلا

جيسنلا بيكرت ، اهحطس ىلع رابو ا دوجو ، ةرشبلا و ةريشقلا كمس لمشيو : ةقرولا بيكرت
. اهعزوتو ماسملا مجح , اي خلا يف تاميسجلا عضوم ، طسوتملا

لدعم لقي ءارضخلا اي خلا يف يئوضلا ليثمتلا جتاون زيكرت دادزي امدنع : يئوضلا ليثمتلا جتاون
. ائيطب جتاونلا كلت لا قتنا ناك اذإ ةصاخبو ةيلمعلا

. تاميزن الا لمع بارطضاو مس بوتوربلا فافج ةصاخبو تاميزن وا مز بوتوربلا ةيحلا ةداملا ةلا ح

: ةيجراخلا لماوعلا

رصانعلا ، ءاملا ، نوبركلا ديسكأ يئانث زيكرت ، هتدشو ءوضلا ، ةرارحلا : ةيجراخلا لماوعلا لمشت



. ىرخ الأ لماوعلا ب رثأتيو يئوضلا ليثمتلا ةيلمعب رثؤي لماع لكو . ةيندعملا

نفلا ك ةرود تايلمع

تاوذ تاتابنلا يف ةصاخ ةقاطلا تيبثت ةيلمع يف ةمهملا ةيويحلا تارودلا ىدحإ يه نفلا ك ةرود
لوأ نيوكتل نوبركلا ديسكأ يناث يف دوجوملا نوبركلا تيبثت متي اهيفو (Dicot plants) نيتقلفلا

. تاريسيلغوفسوف -3 ىمسي هلصف نكمي تباث يتارديهوبرك بكرم

تائيزج نم ةقاطلا ت مع يف ةيئوضلا ت عافتلا يف نيزختلا ةقباس ةقاطلا ل غتسا متي اهيفو ـ
.(NADPH)و (ATP)

يطسو بكرم جاتنإو تافسوف يئانث زيلوبير عم (CO2) نوبركلا ديسكأ يناث داحتاب كلذ أدبي ـ
يئاينث زولويبير ميزنأ ةوطخلا هذه طسوتيو كريسيلغوفسوف ضمح يتئيزج ىلإ ايئاقلت ككفتي

لاز. يسكوبراك تافسوفلا

لوحتيو (Glucose) زوكولجلا لثم ةيوضعلا تائيزجلا قيلختل (PGAL) مادختسا نكمي ـ
. +( NADP) ىلإ (NADPH)

.(ADP) ىلإ (ATP) لوحتي امك ـ

، ةجتانلا ةيئارديهوبركلا تابكرملا تارذ نيب ةيئايميكلا طباورلا يف ةيئوضلا ةقاطلا نزخت كلذبو ـ
، ءاملا يف دوجوملا نيجورديهلا تبثي امك ، يوجلا نوبركلا ديسكأ يناث يف دوجوملا نوبركلا تبثيو

رصانعلا ةرود داعتل ةقاطلا ريرحت تارود ىلإ لقتني يذلا (Glucose) زوكولجلا نوكتي ةياهنلا يفو
. ديدج نم ةقاطلا و تابكرملا و

متت ةيلمعلا هذهو ، زوكولجلا نيوكتل نوبركلا ديسكأ يناث تيبثت وه تارودلا هذه يف ءيش مهأ ـ
. يلي اميف اهريسيت نكمي ةدقعم تايلمع يف

يناث نم تائيزج تس عم (RUBP) تافسوف فعاضم -1،5- زولوبير نم تائيزج تس لك لعافتت ـ
تبثي كلذبو (PGA) ءيزج 12 نيوكتل (H2O) ءاملا نم تائيزج تسو (CO2) نوبركلا ديسكأ

. نوبركلا

ليوحتل NADPH2 ءيزج (12) تانيجورديهو تانورتكلا و (ATP) ءيزج (12) ةقاط لغتست ـ
.(PGALs) ءيزج (12) ىلإ (PGA) نم ءيزج (12)

تائيزج (6) نوكتيل (PGALs) تائيزج (10) بيترت ةداع (ATP) تائيزج (6) ةقاط لغتست ـ
.( يث لا ثلا نوبركلا تيبثت ةرود يأ نفلا ك تارود نم ةدحاو ةرود متت كلذبو ،) (RUBPs)

يناث نم ةيتارديهوبركلا داوملا نيوكت ةيلمع يهو ةيضر ا ةركلا حطس ىلع ةيلمع مهأ متت كلذبو ـ



ةيتاديهوبركلا داوملا كلت يف ةيئايميكلا طباورلا يف ةيسمشلا ةقاطلا نزختو ءاملا و نوبركلا ديسكأ
. يئوضلا ليثمتلا ةيلمعب وجلا ىلإ نيجسك ا قلطنيو

ةيتابنلا تابكرملا و ، ةينيتورب داومو ، ةينهد داوم ىلإ ةيتارديهوبوكلا داوملا تابنلا لوحي كلذ دعب ـ
. ىرخ الأ

. ةيتابنلا تاجتنملا ىلع ايريتكبلا و ةيرطفلا ةقيقدلا ةيحلا تانئاكلا و ناويحلا ىذغتي ـ

ةقيقدلا ةيحلا تانئاكلا تاجتنمو ، ةيناويحلا تاجتنملا و ةيتابنلا تاجتنملا ىلع ناسن ا ىذغتيو ـ
. يرشبلا لك ل ةحلا صلا

. ملا علا محفو طفنو نوهدو تارديهوبرك لك تجتنأ اهنأ ثيح ةعيبطلا يف ةيلمع مخضأ هذهو
تازاغلا دحأ دعي يذلا نوبركلا ديسكأ يناث كلهتستو نيجسك ا ةيلمعلا هذه جتنت ، كلذ ىلإ ةفاضإ

. يرارحلا سابتح ل ةببسملا

يئوضلا ليثمتلا قرط

نوبركلا يث ث يئوض ليثمت

نم عونلا هذه يفشتكمل ةبسن سلاك ـ شتاه راسم ًاضيأ »ىمسيو » : نوبركلا يعابر يئوض ليثمت
. يئوضلا ليثمتلا

Coral Reef Ecosystems
coral reef is a “reef” made up of layers that develop of thousands of years

Layers are made of “calcium carbonate.

.Coral reefs are found off the coasts of about 100 countries

.Coral reefs are home to about 25% of all marine life

.Among the most fragile and endangered ecosystems

Over the last few decades 35 million acres of coral reefs have been
.destroyed

.Reefs off of 93 countries have been damaged



If the present rate of destruction continues 70% of all coral reefs
.will be destroyed . As of now 2/3 of coral reefs are dying

.10% cannot be recovered

Causes of
damage:

-High temperature

-Ultra violet light

-Pollution by humans

-Destruction for industrial purposes

-Or other environmental changes

*This causes them to loose their symbiotic algal cells

*This is called coral bleaching

اوزوتوربلا توم وأ درط نع مجانلا رتوتلا ببسب كلذو ، ةيناجرملا باعشلا ضييبت
. اوزوتوربلا لخاد ةغبصلا نادقف ببسب وأ ، بلا حطلا هبشت يتلا ، ةيلفاكتلا

راحبلا   نم ةريبك باعشلل   ةيجولوكي الإ مظنلا   لكيه لكشت يتلا ةيناجرملا باعشلا و
اعدو ، ةيلخلا ةديحو تايطوسلا تايلو ا عم   ةيلفا كتلا ةق علا   ىلع فقوتي   ةيئاوتس الا

.Zooxanthellae give . اهتجسنأ لخاد شيعلا  و يئوضلا ليثمتلا   يه يتلا ، يلتنازوز
تحت . ةصاخ cladee ىلع ادامتعا ددحم نول عم ، نولتلا و ةيناجرملا ءاطعإ يلتنازوز

وأ فخأ روهظ ىلإ يدؤي يذلا رم ا ، يلتنازوزو ةيناجرملا بعشلا درط دق ، طغضلا
". ضيبا " حلطصم نإف يلا تلا بو ، لماكلا ب ءاضيب
اذإ . رتوتلا رارمتسا نود نم ىتح رارمتس ا ىلإ ليمت اهنإف ، ضيبت أدبت ةدحاو ةرم

يلتنازوز بلطتت ام ابلا غو ، داهج ا ةرتف ةايحلا ديق ىلع   ناجرملا   ةرمعتسم تناك
عاون ا نم نوكي دق ددجلا نيميقملا و . ةيداعلا ةفاثكلا ىلإ دوعيل رهشأ وأ   عيباسأ

ا عاون ا نم داهج ل ةمواقم رثكأو ناجرملا و يلتنازوز نم عاون ا ضعب . ةفلتخملا



ىرخ

Importance of Coral Reefs

Coral reefs effect humans and organisms as shown in
.figure1

.Coastal Communities are effected greatly

.Coral reefs protect them from wave and storm damage

.Provides people throughout the world with new medicines





The most common type of reef is the fringing reef. This type of
reef grows seaward directly from the shore. They form borders
along the shoreline and surrounding islands. When a fringing reef
continues to grow upward from a volcanic island that has sunk
entirely below sea level, an atoll is formed. Atolls are usually
.circular or oval in shape, with an open lagoon in the center

Barrier reefs are similar to fringing reefs in that they also border a
shoreline; however, instead of growing directly out from the shore,
they are separated from land by an expanse of water. This creates
a lagoon of open, often deep water between the reef and the
shore.

Coral reefs are important because they bring in billions of dollars
to our economy through tourism, protect coastal homes from
storms, support promising medical treatments, and provide a
home for millions of aquatic species.



When corals are babies floating in the plankton, they can be eaten
by many animals. They are less tasty once they settle down and
secrete a skeleton, but some fish, worms, snails and sea stars
prey on adult corals. Crown-of-thorns sea stars are particularly
voracious predators in many parts of the Pacific Ocean.

The coral provides shelter for many animals in this complex
habitat, including sponges, nudibranchs, fish (like Blacktip Reef
Sharks, groupers, clown fish, eels, parrotfish, snapper, and
scorpion fish), jellyfish, anemones, sea stars (including the
destructive Crown of Thorns), crustaceans (like crabs, shrimp).













How Do Oil Spills Affect Coral Reefs?

More acidic ocean. Grounded ships and heavy fishing nets. Coral reefs face

a lot of threats from humans.

For these tiny animals that build their own limestone homes underwater, oil

spills may add insult to injury.

But how does spilled oil reach coral reefs? And what are the effects?

How an oil spill affects corals depends on the species and maturity of the

coral (e.g., early stages of life are very sensitive to oil) as well as the means

and level of exposure to oil. Exposing corals to small amounts of oil for an

extended period can be just as harmful as large amounts of oil for a brief

time.

Coral reefs can come in contact with oil in three major ways:

1. Oil floating on the water’s surface can be deposited directly on corals in an

intertidal zone when the water level drops at low tide.

2. Rough seas can mix lighter oil products into the water column (like shaking

up a bottle of salad dressing), where they can drift down to coral reefs.

3. As heavy oil weathers or gets mixed with sand or sediment, it can become

dense enough to sink below the ocean surface and smother corals below.

Once oil comes into contact with corals, it can kill them or impede their

reproduction, growth, behavior, and development. The entire reef ecosystem



can suffer from an oil spill, affecting the many species of fish, crabs, and

other marine invertebrates that live in and around coral reefs.

As oil spill responders, NOAA's Office of Response and Restoration has to

take these and many other factors into account during an oil spill near coral

reefs. For example, if the spill resulted from a ship running aground on a

reef, we need to consider the environmental impacts of the options for

removing the ship. Or, if an oil spill occurred offshore but near coral reefs,

we would advise the U.S. Coast Guard and other pollution responders to

avoid using chemical dispersants to break up the oil spill because corals

can be harmed by dispersed oil.

Coral reefs can be seriously affected by leaking fuels. Spills may not

affect corals directly if the oil stays near the surface of the water, as much

of it evaporates within days. However, when corals are spawning, the eggs

and sperm can be damaged as they float near the surface before they

fertilize and settle . Also, in shallow waters the water-accommodated

fraction (WAF) may disrupt reproduction . However, dispersed oil in

combination with the dispersing detergents is significantly more toxic than

the WAF of crude oil alone . Dispersants and WAFs plus dispersants cause

larval morphology deformations, loss of normal swimming behaviour and

rapid tissue degeneration.

The Deep water Horizon oil spill in the Gulf of Mexico 2010 is considered

the largest accidental marine oil spill in the history of the petroleum

industry. Virtually all exposed components of the marine and coastal

ecosystems of the bay were damaged. In corals, the most conspicuous



visual effects were tissue loss, sclerite (a component section of an exoskeleton, especially

each of the plates forming the skeleton of an arthropod. ) enlargement, and excess mucous

production. White et al. (2012) [18] investigated 11 sites hosting deep-water

coral communities 3 to 4 months after the well was covered. The impact

was observed at a depth of 1,370m, 11 km from the site of the blowout.

Again, oil in combination with the dispersant, in this case, proved markedly

more toxic than the WAF alone .

A study into the effects of a major oil spill in the Bahia Las Minas region in

the Caribbean  demonstrated that three years after the spill gonad size

during spawning was still reduced, and five years following the spill, the

corals still showed high levels of injury measured as bleaching and/or algal

covering, and reduced growth.

Produced Formation Water (PFW) is an effluent of the offshore oil and gas

industry. PFWs may be toxic to marine invertebrates , and may

cause bleaching through a reduction in photochemical efficiency of the

dinoflagellate algae (a single-celled organism with two flagella, occurring in large numbers in

marine plankton and also found in fresh water. Some produce toxins that can accumulate in shellfish,

resulting in poisoning when eaten.) . When the proper cleaning procedures are being

applied the bleaching is in general limited in space and time .

Chemical Fishing

Coral reefs are among the richest and most diverse fishing grounds in the

oceans. The greatest driver of increased pressure on reefs since 1998 has

been an 80% increase in the threat from overfishing and destructive fishing,



most significantly in the Pacific and Indian Ocean . Coral fish are targeted

for food, sport, and for live fish for restaurants and for aquarium fish.

Cyanide fishing, which involves spraying or dumping cyanide onto reefs to

stun and capture (live) fish, kills coral polyps and degrades the reef habitat .

More than 40 countries are affected by cyanide fishing activities , and it is

now practiced in countries from East Africa to the central Pacific. Exposure

of corals to cyanide can result in a reduction or cessation of respiration, a

reduction in phototrophic potential and a decrease in growth rates and

fertility. The most obvious response is bleaching. Re-establishment of the

symbiosis may take from six months to one year or more.

Pesticides

Virtually all rural run-off water is polluted by pesticides. Insecticides,

herbicides and fungicides have been shown to affect corals at very low

concentrations. For example, it has been found that the fungicide MEMC

affects all life-history stages of corals. It inhibits fertilization and

metamorphosis, polyps become withdrawn and photosynthetic efficiency is

reduced, branches are bleached and host tissue dies. Herbicides and

fertilizers used in sugarcane ركسلا بصق cultivation were identified as the

most likely major source of the herbicide residues and nutrients found in

corals .

PAM chlorophyll fluorescence measurement demonstrated a reduction in

photosynthetic efficiency in Pocillopora damicornis recruits after a 2 h

exposure to 1 μg l−1 diuron. The dark-adapted quantum yields also declined,



indicating chronic photoinhibition and damage to photosystem II [29].

Various corals are severely bleached at 10 μg l–1 diuron, from which some

may show partial or full colony recovery. Polyp fecundity was reduced by

88% in one tested species, and two species proved unable to spawn or

planulate following long-term exposures to this concentration of the

herbicide .

Heavy Metals, Antifouling Paints
The effect of copper on corals is of serious concern because there are

numerous sources that expose corals to copper. Copper is a major

component of antifouling paints, is found in sewer discharge, is a

component of some fungicides and herbicides that are used on coastal

agricultural crops, for wood preservation in waterworks, and in heat

exchangers in power plants. Relatively low concentrations of copper can

disrupt reproductive success in reef coral. Cu affected photosynthesis in

zooxanthellae of A. cervicornis . Negri& Heyward (2001)  found that at 17 µg

l-1 copper fertilization success in Acropora millepora was reduced to 50%,

and Victor & Richmond (2005)  found a 12h for impaired fertilization

success of 11 μgl-1 in A. surcusola. The 12h value for motility of Goniastrea

aspera larvae is 21 µgl-1 [8].

Until the ban on the use of TBT in 2003, antifouling paints contained the

compound as biocidal component, along with copper and zinc. As of today,

high concentrations are still present in harbour and waterway sediment and

around shipwrecks ماطح . The latter may represent important sources of toxic

substances. A good example has been described by Smith et al. (2003), who



found extensive contamination of reef sediments for up to 250 m

surrounding the grounding site of an oil carrier. Branchlets from adult corals

exposed to sediments with a high concentration of contaminants (TBT 160

mg kg-1, Cu 1,180 mg kg−1, and Zn 1,570 mg kg−1) suffered significant

mortality (38%), and Negri & Heyward (2001)  showed that TBT inhibits

fertilization and larval metamorphosis in A. millepora with an IC50 of 2 µg

l-1.


