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BACKGROUND:

 

Coral reefs, like the tropical rainforests, contain the highest diversity of life of all ecosystems on Earth.  And, they function as an immense natural recycling system.  Tiny photosynthetic organisms, like zooxanthellae, exist inside the coral polyps and providing additional food and oxygen for the coral while processing some of the coral's waste.  Ironically, most large coral reef systems have formed in low nutrient waters and are dependent on the nutrition provided by the species that coexist with them.

 

One of the main reasons for the high biodiversity of the coral reefs is the diversity of habitats that exist within the massive reefs.  Corresponding to the plethora of habitats and niches, large numbers of animals, including fish, invertebrates such as crabs, octopi, shrimp, and worms, and even eels live in the reef or in and around the sediment produced by the breakdown of the reef rock.  Other animals around the reef, such as great white sharks, prey on the reef dwellers.  Marine plants and marine algae grow on the coral.  Some fish species are herbivores and graze on the algae and in turn become food for predators.  View a short excerpt from the Discovery Channel's Blue Planet series describing the diversity of habitat in the coral reefs:

Blue Planet:  Seas of Life, The Coral Seas (Real player)
 

Reefs also play dynamic and significant roles in the planet's carbon cycle, which maintains the Earth's surface temperature.  The living polyps of a coral reef are just a small fraction and lightly cover a massive rock foundation that has formed over centuries.  This hard rock is made of calcium carbonate retrieved from calcium ions and carbon dioxide dissolved in seawater.  As the coral develops, the calcareous algae help to precipitate calcium carbonate by converting it from a dissolved form to a solid form that supports the colony of coral and helps "glue" the coral rubble together.  In the process, carbon dioxide is removed from the water.  The carbon dioxide "deficit" in the water is then replenished from the atmosphere.

 

Geologists believe that the Earth's early atmosphere was greatly enriched in carbon dioxide, mainly from volcanic gases.  As life evolved, some marine bacteria began to precipitate calcium carbonate, in effect storing or fixing carbon dioxide and removing it from the atmosphere.  Today, the immense volumes of carbonate sedimentary rock on continents attest to the enormous amount of carbon dioxide removed from the atmosphere.  Without this activity, the earth's climate would be similar to that of Venus, where surface temperature (460°C) is hot enough to melt lead.
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Now for the bad news: today's coral reefs are dying.

 

Throughout the tropics, coral reefs are threatened by a variety of problems, including bleaching (as a result of stresses such as warming caused by El Nino and pollution, which causes the zooxanthellae to leave coral cells), mortality of resident species, silting, and overfishing.  As the human population increases in the tropic regions, all of these problems will be exacerbated.  Potentially even more threatening is the prospect of global warming causing the seawater temperature to increase, which can lead to bleaching.  Also, organisms tend to live in temperatures nearer to their maximum tolerable limit than to their minimum.  Thus, small temperature increases can exceed an organism's "critical thermal maximum" and cause death.

 

In the Philippines, a major stressor of coral reefs is the collection of fish and living coral for the tropical aquarium trade (dried coral is also used as gifts and for decorative purposes).  Three out of every four marine fish sold in the U.S.  are imported from the Philippines.  In the U.S., there are approximately 565,000 marine aquarium owners and 12,000 aquarium specialty shops.  To [image: image2.png]


begin our analysis of the impact of removing fish from coral reefs, we need to know approximately how many fish there are currently in homes and pet stores in the U.S.

View a short video on life in the Philippines’ and the fishing industry. 

Coral Reef and Tropical Fish (Windows Media)
Question #1:

Estimate the total number of marine fish in homes and pet stores in the U.S.  State the assumptions on which your estimate is based. 

 

(Even though your estimate may vary substantially from reality, it is important to at least attempt to quantify the issue.  Let's see how close you actually came.  According to the Pet Industry Joint Advisory Council, an industry group, each of 565,000 households has 1.1 tanks, each containing 7.7 fish.)

 

Question #2:

Assume that the cost per fish is $10.00 (a very conservative estimate for marine fish).   What is the total monetary value of these fish?

 

(The monetary value of these fish to the Filipinos who catch them is about 1% of this retail value.  Estimates of the number of collectors vary, but it is likely more than 1000, and perhaps as many as 2500 full- and part-time fish and coral gatherers. Despite adverse publicity and public pressure, fish capture primarily involves the use of the potent poison cyanide.  As many as 90% of the tropical fish collected in the Philippines are caught by squirting them with a solution of sodium cyanide, which stuns them and facilitates their capture.  Each of the 1000 or more collector’s squirts about 50 coral heads each of the 225 days per year that reefs are fished.  Although the effect of the poison on the coral polyps depends on the concentration of poison, it is known that cyanide can kill coral.)

 

Question #3:

How many coral heads are squirted with cyanide in the Philippines annually, assuming there are 1000 collectors?

 

Question 4:

Only about 35% of the fish captured on coral reefs survive longer than 6 months in captivity, which means that 65% do not.  For 7,200,000 fish surviving 6 months, how many were initially captured?  How many thus died?
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Question 5:

Fish in coral communities are of two basic types: herbivores that crop algae and carnivores that eat other animals.  Identify ways in which removal of both types of fish from reefs could adversely affect the reefs.

 

(Although removing the fish may harm reefs ecologically, some methods of collection, such as dynamiting, kill the hard coral colonies directly.  Another method, called muro-ami, involves bouncing rocks on the coral to herd the fish.  This method typically destroys about 17 m2 of coral cover per hectare, 10,000 m2, per operation.  There are 30 muro-ami boats repeating the process about ten times a day.)

 

Question 6:

If the coral reefs are fished 225 days a year, how many hectares of coral will be destroyed annually?

 

(It may take 40 years or more for reefs that are destroyed by fishing practices to recover, if allowed.  Coral reefs cover an area of approximately 600,000 km2 in the tropics, an area roughly comparable to the state of Texas.)

 

Question 7:

Identify and list the costs and benefits of the tropical marine aquarium trade.

 

(In recent years, scientists have begun to focus on biodiversity as a central feature of ecosystem health.  E.O. Wilson defines biodiversity as "the variety of organisms considered at all levels, from genetic variants belonging to the same species to arrays of genera, families, and still higher taxonomic levels." One index of biodiversity is the number of species.  In 1995, United Nations Environment Programme (UNEP) scientists estimated that there were currently 1.7 million named species out of a likely total of 14 million (although the range may be from 3 million to 111 million!).  Of these, nearly 60% are thought to be insects.  UNEP projections to 2015 are that 1% to 11% of the total number of existing organisms will become extinct per decade.

 

Question 8:

Using a computer spreadsheet or your calculator, fill in the table below, assuming an extinction rate of 0.5% per year.  For the years 2010 and 2020, estimate using the compound interest formula:

 

future value = present value X e( k t )
(NOTE:  This equation would NOT be used on the APES exam but serves in identifying mathematical trends.)

 

In this case, the rate of growth, k, is negative since the present value is declining.

 

	 
	Starting
	Number
	Number

	Year
	Number
	Extinct
	Remaining

	1997
	14,000,000
	70,000
	13,930,000

	1998
	13,930,000
	 
	 

	1999
	 
	 
	 

	2000
	 
	 
	 

	2010
	XXXXXXXXX
	XXXXXXXXX
	 

	2020
	XXXXXXXXX
	XXXXXXXXX
	 


 

Question 9:

With a starting number of 14 million species, use the compound growth equation again to project the number of species remaining in 50 years.  In 100 years? What is the total percentage of species lost over those intervals?

 

Question 10:

Even though the total number is declining, the doubling-time calculation introduced earlier, 70/rate, can be used here as well.  What is the doubling time (or more precisely here, the halving time) for an extinction rate of 0.5% per year? In other words, when will the number of extant (i.e. living) species number 7 million?
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Question 11:

When will the number of species be 1/1000 of the current level?  Speculate whether humans or cockroaches, rats, mosquitoes, and crows will be among the survivors.  Discuss your reasoning.  Extinction is forever.  What species would you be willing to let disappear forever? Why?

 

Question #12:

After the damage caused by humans, if the coral reefs were left to recuperate, what succession of species might result?  How long would the recuperation take?  (How did you come to this number?)

