Coral Reef topics

  Geologic history of atolls

In the beginning, there was nothing but ocean in this part of the Pacific.  Then, something caused a volcano to grow up from the sea floor, 5000 meters below the surface.  The volcano broke the surface, and eventually stopped erupting; plants grew thick on the rich volcanic soil (just like they do on Kosrae and Pohnpei).  Another volcano then appeared some miles to the south, then another, eventually forming a chain of islands.  The heat and pressure given off by the rising magma pushes up on the ocean floor/crust, almost like an inflated balloon.  Then, the heat deep below the floor of the ocean cooled, the floor of the ocean dropped many hundreds of feet.  

The combination of this lowering, and the erosion of the volcanic mountain, caused the volcano to sink below the surface.  In fact, the top of the volcano that formed Enewetak is now 4000 meters below the surface!  

If it were not for coral, we would have no islands.  But coral, which started to grow as soon as the sides of the volcano were cool enough, first formed a fringing reef on shore, then (as the volcano sank) a reef off shore, with a lagoon separating the volcano.  Finally, when the central volcano had disappeared, all that was left was an atoll with an empty lagoon.  This whole process took over 50 million years, with the accumulation of thousands of meters of coral debris forming the foundation of Majuro.  

Some coral rock is found on dry land, far from shore; how did it get there?  Just after the end of the ice age, a period of warming caused the earth to be warmer than it is not, for a short time, and all the melted ice from polar ice caps caused the sea to rise 20 feet higher than it is now.  So, the Marshall Islands (long before people arrived) were underwater, with coral growing where now is dry land.  Then the world cooled a bit, the ice reformed, and the sea level dropped to where it is now.  But with global warming, caused by the burning of so much coal, gasoline and natural gas, and the burning of so many trees, the sea is again rising, around a millimeter a year.

  Structure and biology of the coral polyp (feeding, symbiosis)

Corals are made of interconnected polyps.  Each polyp is a very simple animal, with just mouth, and a dead end gut, surrounded by tentacles.  They have tiny hair-like cilia that they use to move water into or out off their mouth. The tentacles are armed with toxic, stinging explosive capsules that thrust a barbed thread into anything that touches them.  Like thousands of harpoons, they trap food and pull it into their mouth.  Large polyps, such as mushroom coral, can actually eat fish!

During the day the polyp hides within its hole, the corallite, but at night the polyp pumps itself full of water, inflating all of its tentacles like a tire or volley ball.

The whole polyp is covered with a protective coating of mucus, which can easily by damaged if you touch a coral, so keep your hands (and feet) off living coral!

Most importantly, the polyp is full of tiny brown algae called dinoflagellates, also called zooxanthellae.  (Other types of dinoflagellates swim in the plankton, and never live inside of corals).  Zooxanthellae create sugar and other carbohydrates (using carbon atoms taken from carbon dioxide gas) using energy from sunlight.  The coral gets over 90% of its food requirements taken care off from algal carbohydrates.  Pretty neat!

Hard corals are not the only animals that take advantage of this solar-powered “free food” deal.  Soft corals, anemones, zooanthids, corallimorphians, even giant clams and many types of tiny planktonic creatures also contain zooxanthellae.

So, you can see how important it is that corals keep their zooxanthellae, and how serious it is when harmful water conditions cause them to “bleach”, or turn white (expelling their zooxanthellae).  We still don’t understand why this happens; does the coral feel sick, or does the algae feel sick, maybe producing chemicals that make the coral expel them.  Some people think that the bleaching response may not be all bad, for the following complicated reason.  Zooxanthllae are not all the same, some grow best at high light, others at low light conditions.  Say a coral did not originally receive the best type of zooxanthellae when it first attached to the coral reef.  If it bleaches, maybe it can switch to a better type of zooxanthellae.

However, after bleaching many coral have died, including thousands of colonies here on Majuro.  It is a very serious problem around the world, and has only started happening since the 1980s. Most scientists suspect it is caused by global warming.

  The taxonomic relationships of reef cnidarians

Cnidaria is a large group (phylum) of animals that include jellyfish and polyp-bearing animals.

A jellyfish is also called a medusa; if you turn a medusa upside down, it kind of looks like a polyp.

We can think most easily about the relationships of these crucial animals if we divide them into groups.

1st grouping:

Hard, Reef building vs non-reef building   (non reef-building types are soft, or grow too slowly)

Any rocky, hard coral that grows fast is a photosynthetic organism, thanks to the trillions of tiny symbiotic algae, the zooxanthellae.  These are also called hermatypic corals.  (another word for reef-forming)

Most of the hermatypic coral are “true” corals, also called Scleractinian corals.

They are joined by two other rock-forming relatives, the fire corals and blue coral (described below).   Remember, the scleractinian, fire, and blue corals all have zooxanthellae, which allows them to grow so fast.

2nd grouping:   hexa-coral vs octo-coral

All the scleractinans are called hexacorals, since their tentacle number is in multiples of 6 (Acropora, for example, has 12 tentacles; others have 18, 24, 48, etc.)..

Octocorals obviously have 8 tentacles.  Most of these are soft/leathery, and all but one is flexible (sea fans, gorgonians).  The one hard rocky coral is Heliopora, blue coral.  (In an island near Okinawa, south of Japan, the entire reef is Heliopora).

3rd grouping:  Hydrocorals

Hydroids are the painful stinging animals that one can find hiding beneath large corals, or growing on ship wrecks; they look like feathers.  Here on Majuro they are small, but in Palau they can grow as large bushes.  Don’t ever touch them!

A relative of hydroids is a yellowish “hydrocoral” called Fire coral (Millepora).  These come in many shapes and species, from encrusting to pillars to finely branching colonies.  They have no conventional multiple tentacle polyps; instead the stinging part looks like a small hair emerging from tiny pores.

4th grouping: soft hexacorals

Anemones, zooanthids and corallimorphians are all hexacorals, related to the true corals.  You can’t determine this for yourself, since these usually have so many tentacles (hundreds and even thousands).  

Anemones can be small (a weed type species grows on aquaculture tanks) but in the RMI most reef anemones are big, and often host an orange and white anemone fish.  Most anemones are brownish, full of zooxanthellae.  If you visit California, you will find countless small anemones growing on rocks, sometimes covering them.  These reproduce by splitting in half, again and again, so one animal and form a colony of hundreds of genetically identical ones.  These have either a green or brownish color, because of the zooxanthellae they contain (in the tropics one does not find the green symbiotic algae).

Vertical Zonation of a coral reef:

Start deep on the ocean side.  At 50-70 feet, on a steep slope or even a vertical cliff, you start to see lots of coral.  Below that depth you find some strange soft corals, like Xenia and bubble coral, and non-photosynthetic forms like the orange Tubastrea.  Gorgonians/ sea fans are also abundant, especially where the current is strong, but absent in more shallow zones.  As you reach 30 feet the dropoff cliff comes to an end, and you reach the sloping reef platform of the forereef.  Here Acropora dominates, perhaps with staghorns and table corals.  As you cross the platform and get into only 10 feet of water, you find small Acorporas, lots of broccoli coral, and encrusting corals.  Perhaps lots of small soft corals too.  Then you are into the surf zone, where bare rock dominates. (This supplies lots of filamentous algae for surgeonfish).  At the most shallow zone, only the red coralline algae survives the power of waves, and the bottom looks reddish pink.  While this is not obvious on Majuro, on outer islands, like Arno, Likiep or Kwajelein, this “algal ridge” sticks colorfully out of the water at low tide; you can’t miss it.  Inside this ridge the water depth increases slightly, and you are on the reef flat, as flat and level as a parking lot.  Here only the toughest coral grows (close to the surf zone), along with zoanthids mats and lots of burrowing pinkish Echinometra urchins.  Closer to shore you find only algae, brittle stars, and some worms.

On the lagoon side you may find only sand, with isolated coral heads or “bommies” (Porites, and brocolli coral) or you may have a hard bottom with a lush fringing reef full of Acropora.  Close to town in Majuro lagoon you probably will find only three species of coral, all Porites:  Porites rus, Porites cylindrica and the boulder Porites (perhaps P. lobata, this is hard to identify).  If you dive down the lagoon slope below 30 feet you can find more types of coral and fish; the airport is a nice area.

Pinnacle or patch reefs in the center of the lagoon can be covered with coral, or the shallow tops can be totally barren, each one is different.  You find most coral cover and abundant fish close to a pass.

  Other reef builders

Looking back into the ancient past, many millions of years ago, we know that modern corals did not always dominate tropical reefs.  (We know this by examining fossil reefs which can be dated with sophisticated chemical tests; for example, in the middle of an Australian desert, once can find cliffs made of ancient corals).  Before modern corals, a number of different coral-like animals lived that have since gone extinct.  Even before this, entire reefs were made of a tube-shaped mollusk called a rudist.  And going back to the very first reefs, once finds pillars called Stromatolites that were made by filamentous cyanobacteria.  Some still survive in western Australia (Sharks bay) and in the Bahama Islands.  Of course, calcareous red algae, and ancient group of plants, still build reefs.

In the modern age, small reefs are found in the Caribbean made of masses of tube-forming annelids segmented plume worms).  In some bays, the ground is completely covered with oysters, a reef of sorts.

Coral, however, is the only animals that can build an entire island in the middle of the ocean, such as Majuro.  They can produce so much vertical growth that they have added 4.000 meters to the top of the ancient, sunken volcano that first created Majuro and all the other atolls.

  Global biodiversity and distribution patterns of corals

Tropical, reef building corals need warm water to survive, as well as clean water (not too much mud), strong sunlight (they grow best in the top 100 feet, especially in the top 50 feet) and water of the proper salinity (not to brackish, and not too salty; most seawater is 3.2-3.4% salt, but above 4% salt, a condition that is found in parts of the Red sea of Arabia, no coral and survive).  Some coral tolerate somewhat cool water, and can grow all the way up in southern Japan.  Here they compete for space with large seaweeds.  A little further north they disappear all together, with seaweeds covering the bottom.

We are now realizing that a non-reef building coral grows in cold, deep, dark water at the bottom of the ocean.  They are entirely animals, getting no energy from sunlight (obviously) and grow very slowly.  Over hundreds and even thousands of years they can grow rather large.

There are two centers of coral reefs in the world: a restricted Caribbean center, and a broad Indo-Pacific region (stretching all the way from Africa and Arabia to Mexico).  The core of the Indo Pacific region is Indonesia and Northern Australia, where the highest biodiversity is found.  As one travels across the Pacific to the east, towards Mexico and Central America, the number of coral and fish species declines.  Since corals can spread to new locations (thanks to their tiny swimming planula larvae) one might think that they could reach any corner of the ocean, but many larvae only remain in the water for a few days or weeks, not long enough for a slow ocean journey, carried by currents across thousands of miles.  For example, Acropora never made it to the main Hawaiian Islands (which is why the reefs of the RMI are so much more beautiful than those of Hawaii).  Hawaii only has 40 species of coral, compared to around 300 in the western Pacific.

The reason for this coral distribution is found in what happened over 10,000 years ago.  The last ice age (maximum coldness was 12,000 years ago) caused the oceans to become much cooler than they are now, so much of the coral died; only those that lived near the equator survived.  Then, as the water warmed again, corals could spread to the north and south.  The Caribbean and the equatorial Indo Pacific held the survivors, but the Caribbean is a smaller, more isolated area (it also is quite a ways north of the equator) so fewer types of corals managed to survive.  Lets compare number of types of the most important coral genus, Acropora.  Just one part of the Indo Pacific (eastern Australia) has over 70 species of Acropora coral, while the entire Caribbean has only 3 species of Acropora!  However, there are major types of coral (on the genus level) found in the Caribbean that are missing in the Indo-Pacific, but the Caribbean clearly has fewer kinds of coral.  (It is still a beautiful place to go diving, especially with its abundant and varied sea fans and gorgonians)

Coral Ecology: Filtering water to get new nutrients and Recycling existing  nutrients

First, consider the difference between the big Pacific ocean and a coastal area, like California or Japan.  The mid-Pacific is clear, blue, with visibility well over 100 feet.  This is because there is very little plankton in it, which is caused by the lack of nutrients in the top 100 feet of water.  Down several hundreds of feet, the nutrient levels are high, but this does no good for phytoplankton, which need sunlight to grow.  

Along coasts, rivers inject nutrients, and winds blowing along the coast cause water to upwell:  deep, cold nutrient-rich water is pulled to the surface, allowing an “explosion” of phytoplankton growth to occur, and huge schools of fish are supported.   (Typical visibility is only 20 or 30 feet, or even less, because of all the plankton in the water.)

So, coral reefs find themselves in the middle of a biological “desert”, poor in nutrients, and they have adapted themselves to these conditions in remarkable and wonderful ways.

Lets start by listing some important functions or jobs that reef critters have.

Corals need no introduction, but remember that they provide food for some fish (and Drupella and COTs, of course) and provide shelter for many others.  They provide the framework, the complex, bumpy surface, full of tunnels and caves, in the reef.  They capture enormous amounts of solar energy, and also produce mucus, which many creatures can eat (mucus is just a special form of sugar!).

1.  Plankton feeders, including Filter feeders and visual feeders (some fish)

  Zooplankton (copepods, shrimp) is rich in protein and nitrogen

    Even though corals don’t get much of their energy from plankton, they benefit from plankton eaters above them:  the big schools of small plankton eating fish drop nitrogen-rich “fish poop” down on them, fertilizing the 

2.  Algae grazers, including fish, urchins, snails, some crabs  

   Algae can be divided between fleshy, large seaweed,  tiny filamentous green seaweed (it covers most dead rock surfaces and is called turf algae) and cyanobacteria, which is also tiny, mixed in with other filamentous seaweed.

  Cyanobacteria is special, since it alone can take nitrogen gas in the air (and dissolved in the ocean) and convert it to “nutrient” nitrogen (ammonia).  Because it has all the nitrogen it needs, an unlimited supply form the atmosphere, a cyanobacterium is rich in protein.

Other algae have much lower levels of protein, so fish have to eat an awful lot to get what they need to grow.

How do you recognize cyanobacteria?  Some forms are rather large, often reddish in color, and have very fine, flexible structure, much finer than hair.  They are always slimey.

3.  Sand makers:  These are primarily Halimeda algae and animals that crush or grind coral rock (parrotfish, urchins).   Sand is, of course, and important home for worms and other inverts and many fish bury themselves in sand at night.  Sand also fills in the broken bits of coral (rubble), an aggregate that is naturally turned into coral cement, helping to protect the reef from erosion.

4.  Detritus eaters:  Detritus:  tiny fluffy bits of dead plants, fecal waste, left overs.  These animals are the true recyclers, eating the waste of plankton eaters and fragements of dead animals, seaweed, etc., anything that falls onto the reef floor.  Some of it goes into the sand, other bits of detritus get trapped in turf algae.  Sea cucumbers are the biggest sand feeders, but many other tiny animals get food from the sand.  Certain surgeon fish have specially shaped comb-like teeth that strain detritus out of turf algae, without actually eating the algae.

5.  Doctors and dentists:  Fish are vitally important to the ecosystem, and fish need to be kept healthy; this is done by the cleaner wrasses (also some cleaner shrimp, which are active at night)

6. Fish predators  The balance of fish is important on the reef.  Predators convert small fish to bigger fish, which is good for humans.  Predators also eat any fish that are swimming slowly, due to sickness, keeping the rest of the fish healthy.  (It is a ruthless place!)  So sharks do an important job.

Fish and coral are obviously the two major life forms on the reef.  From this short discussion you should be able to list the many reasons why various kinds of fish are important for the coral, and why corals are important for fish.

A reef very efficiently captures most of the plankton that drifts across it, an important source of protein.  The main energy of a reef comes from turf algae, seaweeds, zooxanthellae within coral and green burrowing algae that live inside the porous coral rock.  These are eaten by a wide variety of animals, spreading and recycling these nutrients through the entire ecosystem.  Very little is wasted; the only nutrients that are lost to the system are the fish eaten by birds (which fertilize plants on land) and the eggs and sperm that are released into the deep sea during spawnings, allowing new reefs to be formed many miles away.

Sustainability of reef fisheries
Now humans, in ever greater numbers, are taking enormous amounts of fish off the reef.  Can this go on indefinitely, is it sustainable?  It is important to realize that many reef fish, such as groupers, grow very slowly.  Many fish are over ten years old.  So once a lot of predatory fish are removed, it will take a long time to replace them.  This is particularly true with sharks, that reproduce very slowly (about as fast as humans do).  (This not as true with some seaweed-eaters, like Rabbitfish, that mature in just a year or two.)  What happens to the reef in the mean time?  It is hard to say, but it is safe to say that the coral ecosystem is very vulnerable to exploitation.  Many places in the Philippines or Indonesia have very few groupers, and almost none over 10 inches in length.  Over-fishing often results in disaster:  COT outbreaks form in part because the fish that would normally eat most of the tiny, young starfish have been removed.  This is obviously a downward spiral, since the destruction of coral results in far few fish.  

So, unlike coastal fisheries, like sardines and mackerel, that can produce thousands of tons of fish for export, thanks to the great productivity of coastal upwelling zones, 

Diagnosing health/disease of corals
What to look for:

      A.  Mucous sloughing (a big layer of mucus laying over the surface of a coral)

            This is a response to dirty water, and helps to clean mud and sediment off the coral.  

            Remember, coral need lots of light, so this is rather like washing the window of your home.

B. Strange lumps or growths on coral, often colored white or blue. These are tumors, and could be caused by viruses or pollution.  We have lots here, on table corals,

C. Pink patches on boulder corals (Porites).  Caused by boring animals beneath the surface, such as a parasitic worm.

D. White band, especially on table coral.  Spreads roughly an inch a day, kills coral in several months.  Sometimes, if you look very close, you can see brown patches or small brown spots darkening the bleached corallites.  This brown is caused by thousands of brown ciliates which eat the coral tissue.  A toxic bacteria kills the coral, providing food for the bacteria. 

E. A white band appearance may also be caused by the feeding action of a small snail, called Drupella.  To check, feel around under the base of a coral with your hand; the snail shell is covered by purple coralline algae.

F. White spots (dozens of them) only the size of a grain of rice, which can slowly get bigger; these can kill an entire Porites colony.

G. Black band (cyanobacteria), yellow band, red band (another cyanobacteria)are some other spreading diseases.

H.  A bleached coral is obviously stressed; come back in a week or two to check if it has died, (it will be darkened with yellowish or brownish algae)  or is getting its brown color back.

Diagnosing the general health of a reef:  symbiotic vs. filterfeeding domination

A healthy oceanic reef has very clean water with very low nutrients.  With so little plankton, there are not too many filter feeders.  The reef is dominated by symbiotic animals: corals, giant clams, anemones, all of which contain zooxanthellae algae.

At the opposite end of the spectrum, an unhealthy reef is more dominated by filter feeders, because pollution and nutrients being washed into the sea form land stimulate the plankton to grow abundant.  A good example is the Hawaiian island of Oahu, where millions of people live, building roads and houses and causing the sea to turn brown with mud after heavy rains; Kane’ohe Bay is a good example.  Here you will find red and orange sponges in great abundance, along with tube worms (we have the same plume worm, but on Oahu they are 50 or 100 times more common).  The filter feeding community promotes animals that weaken and erode coral (such as boring sponges) so the coral cover drops greatly.  Kane’hoe Bay was once famous as the “coral garden” of Hawaii, but now with all the new houses (and the years when sewage was dumped right inside the bay) the coral is in bad shape. 

A few additional details about Kane’hoe Bay:  a green seaweed called bubble algae became very abundant when sewage was dumped in the bay.  The many filter feeding animals that burrow into coral lead to much of the coral getting undercut, so they actually broke off from the bottom.  A big storm would then wash this still living coral up onto the beach.  No another type of seaweed, Kappaphycus, is infesting this bay (this same seaweed is being grown, experimentally, on Majuro).

  Reef fish feeding guilds

The first thing you notice on a reef is all the fish!  But if you go to a shore where the coral has been killed (like the dredging operations in Majuro lagoon) very little fish are around.  So why do fish like coral? 

Obviously, some fish eat coral (especially butterflyfish and some parrot fish)

Most reef fish need coral to hide in; small damsels slip between coral branches.  At night this is especially important, otherwise the sleeping fish would be easily eaten by sharks (which mostly hunt at night).

What is interesting is how much coral need fish!

Without algae eating fish (and algae-eating urchins) the corals would be smothered by fast growing algae.  Imagine Majuro without anyone mowing the weeds and grass.

So, when all the urchins die, and most of the fish are killed by fishermen, the coral dies, replaced by a slimey layer of green algae.  This actually happened on the north shore of Jamaica; the fish were over-fished, and a disease wiped out all the urchins, plus nutrients from septic systems from all the hotels polluted the water.

Plankton eating fish, which position themselves over the drop-off on the ocean side or over coal colonies elsewhere, get high-protein, N-rich food, and make N-rich “fish poop” that falls down and fertilizes the coral and other organisms.

Some fish eat the small snails that try to eat coral.

Most amazingly, the huge Napolean wrasse eats the poisonous, spiney COT, which itself eats coral.

Here is a list of the most abundant feeding guilds:

Visual plankton feeders: chromis, fusiliers, some surgeons, triggers, butterflyfish

Ram-plankton feeders:  mackerel, herring

Turf Algae grazers (either solitary or mob grazers): Acanthurid surgeonfish, smaller parrotfish

Detritus/fecal feeders (these have bristle teeth that strain their soft food out of the turf algae): Cteno  surgeonfish

Sand feeders (inverts, such as worms):  goat fish

Rock turners: certain wrasses

Coral nibblers: some filefish, most butterflyfish

Coral/rock biters:  puffers, larger parrotfish

Shrimp and other invertebrates:  snappers

Fish eaters, including:

Ambush fish predators: hawkfish, grouper

Schooling fish predators: jacks, barracuda, needlefish

Generalists (that look for small inverts, fish eggs, algae, etc.) include some butterfly fish, many wrasses.  

More specialized techniques follow:

Bits of diseased fish tissue and parasites: cleaner wrasses

Small chunks of fish flesh: a mimic wrasse that looks like a cleaner fish, fooling the ‘client’.

Sponge feeders:  Moorish Idol, angelfish

Soft coral feeders: certain butterflyfish

Armored invertebrates (lobsters, mollusks,urchins):  Triggerfish

Flat worm feeders: certain wrasses

Coralline red algae:  a certain trigger

What eats the large sea cucumbers? No fish, other than the slender pearlfish that goes inside the anus, tailfirst, and nibbles on internal organs, but certain gastropod snails can attack them from outside.  

Note: some fish can combine several techniques, such as nibbling coral and eating worm gills and other inverts.

   Special feeding behaviors among fish

a.  You may see a trevaly following another fish (a wrasse, perhaps), acting like its shadow.

b.  Also, a trumpet fish will shadow another fish (a snapper, perhaps), trying to hide so it can get closer to the fish it wants to eat.

c.  Some wrasses look for food underneath rocks; they grab the rock with the mouth and push it over (rock mover wrasse and yellow tail coris).

d.  Some fish follow goat fish around, hoping to snatch an animal uncovered when the goatfish blows off the sand.

e. Some triggerfish are able to eat urchins!  They carefully flip them over then attack their vulnerable mouth area.

f. Remoras use a suction cup like dorsal fin to attach themselves to sharks and rays (and sometimes people), getting a free wide and sometimes a free meal, when a shark eats a fish and bits of it are missed. 

The reef at night
When you snorkel at night, you get to see a strange sight; even though most of the fish are hiding, asleep, you see new kinds of fish, and the following creatures that hide during the day:

Hoards of tiny purple sea cucumbers

Sea urchins, including one with a red body

Coral polyps with their tentacles inflated

Octopus and lobsters

Shrimp with spectacularly long antennae

More nudibranchs

Sleeping parrot fish, some  in mucus “sleeping bags”

Much more zooplankton (crustaceans and worms, attracted to your light like flying termites)

Cryptobiota and Bioerosion

Lots of plants and animals live only inside of coral rock: worms, algae, mussels, sponges, shrimp, urchins and others.  Some use acid to soften the work, so they can tunnel inside using either their claws, teeth, or rasp-like shell.  They can act like termites in wood, weakening the coral so it falls over in a storm.  Some only burrow a few inches beneath the surface, so if a coral head grows fast enough it can depend on a strong pillar.

Sometimes you have no idea that something is living inside, and you have to split the rock open.

Example:

Fat serpulid worms that only live inside of coral 

Bright colored boring sponges live inside.

Other animals feed on plankton, and you can see their tunnel opening on the surface;

Example:

The mussel Lithophaga (latin for “rock eater”) has a double hole, shaped like an ‘8’.

The worm-shaped snail that burrows into the side of boulder coral produces a mucus net that hangs out the hole, catching plankton.  The lip of its tube is razor sharp, and I have cut my leg by lightly brushing against it while snorkeling.  

The easy-to see branching surface tunnels in living coral (appearing as dark lines) are the homes of a pair of shrimp; their tunnels are full of algae.

Surface grazers:

A number of mollusks eat algae by scrapping their hard, iron-toughened “teeth” against the rock, wearing it away.  One type has 8 shells in a row; this is a chiton, and it can, over the years, wear away many feet of the base of a cliff on a raised, high island.

Another source of surface wear is the parrot fish, which nibbles at algae and bites off bits of rock.

On the ocean side you will see lots of burrows or trenches, an inch wide, on the reef platform, created by the sharp teeth of the pink urchin, Echinometra (also seen on the reef flat).  The urchins are easy to see inside their trenches, cut like a sharp knife into the coral rock.

Final point:

If the animals that cause all this biting, scraping and tunneling remove more rock than the coral creates each year, the reef level will actually go down.  It is important that the average level of our atolls go up, that coral growth is faster than bio-erosion, to help keep up with sea level rise.

  Predation/grazing on corals

The following two predators can sometimes destroy lots of coral:

Drupella snails and COT  (crown of thorns seastar)

The following nibble on the tips of polyps or on coral mucus:

Some butterfly fish, longnose file fish, 

Color and mating; color and toxicity (warning coloration)

Colorful fish are not trying to impress us humans, they are needed to impress their mate and to intimidate their neighbors.  Colors often show the emotions of the fish; if you watch a blue and yellow banded surgeon, notice how the color darkens while it angrily chases other fish off of its territory.

Colors help fish tell similar species apart, but sometimes two closely related species will mate and form hybrids (like a horse and a zebra mating).  On Majuro, the lemon peel and the pearly angelfish form hybrids on Enemonet, lagoon side.

 Macroalgal diversity and function

Three main types: Red, Green and Brown, plus the cyanobacteria.

Important greens:

Caulerpa: sometimes used as human food, many types.  One type from the Pacific (Caulerpa taxifolia) was accidentally put in the Mediterranean, where it took over in many places.

Halimeda:  a hard, rocky coral that is an important source of sand.

Browns:

Dictyota:  the dominant algae in the polluted parts of Majuro lagoon, not found on other atolls.  Grows right amongst and over corals.

Padina:  the pancake like algae that is the most common in lagoon shallows

Turbinaria: the hard algae with sharp spikes on the ocean side.

Reds:

Kappaphycus:  this looks brown, but is actually red; used in mariculture for industrial alginate chemicals.

Coraline algae (Prorolithon, many others)

 Field survey methods used to monitor reef changes

A list of types follows:

Methods that use a tape measure:

  Line intercept

  Belt transects

Using quadrates:

   Line intercept if the quadrate has crossing strings

   Good for estimating cover of algae, also counting abundance of small animals like Drupella

Video or photo transect1

Time swim:

Can swim along the reef, or start deep and work toward the top.  Needed to get total species counts of fish or coral, or to count big, rare animals like COT or Napolean wrasse

Manta Tow:

Over large area fast, note overall coral cover, fish abundance.

How people depend on healthy reefs and mangroves 

Obviously, reefs provide food fish, lobster, shells, animono.

Tourism is an important industry for Hawaii, Fiji, Maldives, Palau, and will be more important in the RMI since we have the healthiest reefs in the Pacific (if one excludes Majuro), and we need to try to keep them that way.

Reefs protect the islands from storm waves.

They provide the sand that is used for construction.
Corals are our life, and must be protected.
