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Abstract: Coral Reefs are beautiful things. They are habitats that provide for an extraordinary 

amount of biodiversity and they are animals that come in a wonderful array of diversity among 

them. But corals in the Galapagos have recently experienced massive mortality for several 

reasons including bleaching due to increased sea surface temperatures during El Nino-Southern 

Oscillation (ENSO) events, bioerosion from Echinoiderms and other corallivores, mechanical 

damage from storms and disease to name a few. This paper will examine the effect of the 

increased occurrence and severity of El Nino events on coral reef communities and discuss the 

factors both biotic and abiotic that have contributed to the massive mortality of coral reefs in the 

Galapagos. The feasibility of a coral conservation and rehabilitation plan for the coral reefs left 

in the Galapagos will also be explored.  

 

Introduction: Coral reefs are usually 

abundant three-dimensional landscapes with 

vibrant colored fish swimming everywhere 

and biodiversity galore. Looking at the rocky 

barren substrate off the coast of the southern 

and central Galapagos Islands it is difficult to 

believe that coral reefs ever existed there. The central and southern Galapagos used to host 

incipient coral reefs but then one strong El Nino came through in 1983 and after that the coral 

cover dove in one fell swoop. Every once in a while during snorkeling a single small colony of 

coral might catch your eye, but the relief and texture normally seen in tropical reefs is absent. 

 
Typical rocky substrate observed while 
snorkeling around Santa Cruz island. 
Photo Credit: Sabina Perkins 
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What caused the reefs that used to be seen here to disappear? What is it about these ecosystems 

that makes them so vulnerable to climatic events such as El Nino? 

 

Background: In order to understand the reasons for the fragility of coral reef ecosystems it is 

important to know a few things about coral itself. Coral reefs are the aggregate result of multiple 

coral colonies, which in turn are made up of many individual animals called polyps. Corals can 

reproduce both sexually, through the release of sperm and eggs into the ocean at synchronized 

times, or asexually through the budding off of clone polyps. Each of these polyps serves a dual 

purpose in terms of food collection. At night the sticky tentacles of each polyp filter the water for 

zooplankton but this foraging only accounts for 2% of the food that the reef building corals need 

to survive (Blue Planet).  These corals get the other 98% of their food in the form of sugars 

produced by algae living within the tissues of each coral polyp. These algae, called 

zooxanthellae, are involved in a mutualistically symbiotic relationship with the coral. In return 

for a predictable environment relatively free of predation, these algae provide the coral with 

food, made through photosynthesis and also oxygen, a byproduct of 

photosynthesis that the corals need for respiration (Glynn 1983: 9).  

 Coral is broken up into two classifications, reef forming 

(hermatypic) coral and non-reef forming (ahermatypic) coral. Both 

of these types of coral are present in the Galapagos but this paper 

will focus on the plight of the hermatypic corals. Coral reefs form 

because corals form calcium carbonate skeletons by sequestering 

carbon dioxide from the water around them. A reef is the result of 

many years worth of corals growing and depositing layer after layer of carbonate.  

 
Calcium carbonate coral skeleton 
washed up on a beach in North 
Seymour.  
Photo Credit: Sabina Perkins 
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Hypotheses: There are two hypotheses that will be addressed in this paper. The first postulates 

that coral is uncommon in the Galapagos because the conditions of the central Galapagos are not 

suitable for reef building. The communities that do form reefs are located in the northern 

Galapagos where conditions are more favorable to hermatypic reef growth. The second 

hypothesis that will be proved in this paper is that the high incidence of coral mortality in the 

Galapagos is due primarily to bleaching resulting from increased ocean temperatures from El 

Nino. Other factors have contributed to the demise of these coral reefs, such as bioerosion by 

corallivores, and slow recovery time of reef communities but increased sea surface temperatures 

due to ENSO events are the largest factor influencing the fatality of coral in the Galapagos.  

 

Findings: Before understanding why the conditions in the central Galapagos are not conducive 

to prolific coral reef formation, the requirements for coral reef formation must be defined. Corals 

are very fragile animals and can only survive under certain specific conditions within a certain 

environment. Because the zooxanthellae of hermatypic corals rely on sunlight to produce food, 

coral reefs are almost always found in shallow water down to a depth of about 15 meters, where 

the light is able to reach the zooxanthellae. Reefs also require warm water to allow for deposition 

if the calcium carbonate skeleton of the coral. If the water is too cold or too deep or too acidic 

then the concentration of CO2 in the water will not be high enough to allow the coral to easily 

sequester carbonate ions as limestone and coral growth will cease. It is for these two reasons, a 

need for sunlight and a need for the right concentration of carbonate, that accounts for coral 

distribution around the world, mostly concentrated in shallow tropical areas. However if the 

water is too warm, or too acidic, or too shallow, or too bright, then corals have problems as well. 
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They survive best within a narrow margin of conditions and this is one of the reasons for their 

vulnerability.  

 Coral reefs in the 

Galapagos have a lot working 

against them, there is not a lot 

of shallow water, and what 

shallow water there is in the 

central Galapagos is influenced 

by the cold Humboldt current 

from the south and upwelling from the Cromwell counter current from the west as shown in 

figure 1. As a result of these upwelling currents islands in the southwest were found to 

experience temperatures as low as 16 °C, too low to allow for hermatypic reef growth (Dawson 

2009:23). Optimal temperatures for corals range from 18-32 °C (Glynn 1983: 10) but for the 

Galapagos the optimal temperature suitable for reef growth is more like 18-28 °C (Dawson 2009: 

23). Beyond these temperatures in either direction coral reef growth is impeded. 

In the Galapagos, the most significant coral reefs are found around Wolf and Darwin the 

far northwestern islands furthest from the upwelling of the Cromwell Countercurrent and the 

Humboldt Current. The warm Panama current influences these islands, with temperatures 

ranging from 25-28°C making them the most tropical of all the Galapagos islands. While these 

islands along with Marchena in the northern central Galapagos are the only places where coral 

reefs now exist in the Galapagos, there are coral communities all over the islands. These 

communities are often small and spread far apart. Before the 1980s, there were incipient coral 

reef frameworks scattered throughout the southern and central Galapagos, mainly located in 

 
Figure 1: Currents of the Galapagos (Image Credit, Bill 
Durham) 
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sheltered areas on the northeast side of the islands, 

away from the upwelling currents (Glynn 1983: 88). 

However after the El Nino-Southern Oscillation event 

of 1982-83, coral reefs in the Galapagos took at turn 

for the worse.  

El Nino events occur approximately once every 

three to eight years and are the result of a weakening 

and then reversal of the Walker Cell, a circulation cell 

over the central Pacific. In a normal year it pushes 

water to the west by wind currents causing upwelling 

in the eastern Pacific and creating the Pacific warm 

pool in the western Pacific. In an El Nino year, the 

Walker cell reverses and allows all the warm water 

that has built up in the Pacifica warm pool to move 

back to the east causing the thermocline to shift and 

upwelling to stop. This in turn causes sea surface 

temperatures in the eastern Pacific to increase even more. A graph of the sea surface 

temperatures in the Galapagos during the 1997-98 El Nino and subsequent 1999-2000 La Nina 

can be seen in figure 2. These increased sea surface temperatures place stress on the coral and 

cause them to lose their zooxanthellae, a process called coral bleaching. It is not known at this 

point which party initiates the bleaching, there have been cases in which the coral polyps have 

been seen to expel or digest the algae, but there is also evidence of the zooxanthellae initiating 

 

Figure 2: Graph of Sea Surface 
Temperature  during the 1997-1998 
El Nino-Southern Oscillation Event 
(Dawson 2005). 
 

 
Coral colony in central Galapagos 
surrounded by rocky basaltic 
substrate. 
Image Credit: Sabina Perkins 
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the departure (Hambleton, 2009). Whoever initiates the separation, it is caused by stress from 

increased ocean temperatures.  

Increased sea surface temperatures do not cause coral bleaching right away, nor is the 

bleaching always permanent. It can sometimes take several months of stress from increased 

temperatures before corals bleach, and if the warm 

spell doesn’t last for more than about a month, it is 

possible for corals to reabsorb zooxanthellae and 

begin to grow again. The degree and threshold of 

bleaching varies depending on the particular 

combination of the coral host, the particular type of 

symbiotic algae, and the level of environmental 

stress both in the current event and in the past 

(Glynn 2001: 102). Corals tend to live at the upper 

limit of their temperature tolerance so it is really 

the temperature anomalies that matter in 

determining the environmental stress (Dawson 

2009: 24). A graph of temperature anomalies during the 1997-98 ENSO event can be seen in 

figure 3. 

In the past thirty years, there have been two major El Nino events that caused increased 

sea surface temperatures in the Eastern Pacific, one in 1982-83 and one more recently in 1997-

98. Something about these storms caused massive mortality among the corals in the Galapagos. 

Coral cover in the Galapagos was reduced by 95% after the first ENSO event with further losses 

of 26% after the 1997-98 El Nino (Glynn 2001: 79).  

 
Figure 3: Sea Surface Temperature 
Anomalies observed during the 1997-
08 ENSO event (Glynn 2001). 
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Sea surface temperatures during both these events surpassed 28°C (the upper temperature 

threshold determined by Dawson) fluctuating from 29 to 31°C for a period of four and a half 

months during the 1997-98 El Nino event and 

even longer during the 1982-83 ENSO event, 

as shown in the graph in figure 4 (Glynn 2001: 

87).  It is the length of time that the SST stays 

elevated combined with the temperature 

anomaly as shown in figure 2 that can be a 

good indication of how severe the bleaching 

event will be. Figure 5 shows the percentage of 

Porietes lobata, the most common hermatypic 

coral in the Galapagos that was 

left dead, bleached, or normal a 

month or so after the 1997-98 

ENSO event.  

 After each of these El 

Ninos there was evidence of 

mass mortality among coral in 

the Galapagos, and we have already seen that El Ninos cause increased sea surface temperatures 

in the Eastern Pacific. We also saw evidence that increased sea surface temperatures stress corals 

and cause them to bleach and that during extended periods of above average temperatures corals 

can’t recover their algae and eventually starve to death. Therefore we can reasonably conclude 

that the massive mortality of coral reefs in the Galapagos was due primarily to bleaching caused 

 
Figure 4: Weekly mean SSTs in the Galapagos. 
Coral bleaching periods are denoted by thin 
(1982-83) and thick (1997-98) lines at the top of 
the temperature plots (Glynn 2001: 89).  

  
Figure 5: Coral colony condition of Porites lobata, the most 
common hermatypic coral in the Galapagos. The red rectangle 
surrounds the data points from the Galapagos (Glynn 2001: 94). 
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by increased sea surface temperatures brought on by strong ENSO events like the 1982-82 and 

1997-98 El Ninos.  

 While increased sea surface temperatures resulting from El Nino are likely the primary 

factor contributing to the massive mortality of coral reefs in the Galapagos, there are many 

secondary factors that contribute to the degradation of the reef after the initial bleaching 

responses. Echinoid bio-eroders such as the pencil sea urchin Eucidaris galapagensis and 

Diadema mexicanum play a major role in destruction of the three-dimensional structure and 

framework of the reef (Glynn 2009: 8). You can see the plentiful nature of these bio-eroders on 

the beaches of Fernandina. The slow growth rates of corals also make it difficult for them to 

recover after large storms, the mechanical damage done by these storms alone can destroy 

hundreds of years of coral reef growth over the course of a few hours.  

 

Conclusion 

 Coral reefs in the Galapagos are fighting an uphill battle but there is hope that corals can 

make a recovery after the massive mortality caused by the El Ninos. After getting a better 

understanding of coral in general we examined the specific factors inhibiting reef growth in the 

 
A beach on Fernandina showing pieces of pencil 
sea urchin spines and green sea urchin shell. 
Photo Credit: Anna Garbier 

 
Pencil Sea Urchin off the coast of Santa 
Cruz Island. 
Image Credit: Sabina Perkins 
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Galapagos before and after El Nino events. However despite the significant setbacks coral reef 

growth in the Galapagos has faced, there is hope for reef recovery. Recent studies done on the 

coral reefs still present in Wolf and Darwin islands indicate that the reefs there are recovering 

despite suffering heavy losses in both the 82-83 and 97-98 El Ninos (Glynn, 2009: 12). This 

recovery has been attributed to the fact that the structural integrity of the reefs surveyed has not 

been totally lost due to bioerosion, and the presence of source colonies that survived the El Nino 

and were able to re-colonize after the bleaching event had passed.  

 There have been several proposals for what humans can do to help speed up the recovery 

process for these coral reefs and what can be done to save them from the longer-term dangers 

from global warming, ocean acidification and the increasing frequency and severity of storms 

like El Nino. These proposals range from dumping heat tolerant zooxanthellae on the reefs by the 

truckload in hopes that the corals will absorb it, to individually injecting each coral with such 

heat resistant strains (Hambleton: 2009; Velasquez-Manoff: 2009). All of these propositions 

bring into stark relief the question of how much humans should actively interfere in the 

conservation of coral. Coral reefs are very complex ecosystems and who knows what the long-

term effects of introducing a different type of algae into the system could be. Any conservation 

strategy has to start with lessening the stresses placed on corals from anthropogenic sources 

before tackling the stresses to corals from natural or climatic sources.  

 

 

 

 

 



Perkins  10 
 

 

 

Works Cited  

 

The Blue Planet: Coral Seas. Dir. Martha Holmes. Perf. David Attenborough. British 

Broadcasting Corporation and The Discovery Channel. DVD. 

Dawson, Terence P. "Galapagos Coral Monitoring." School of GeoSciences: Home. The 

University of Edinburgh, 02 Nov. 2005. Web. 25 Aug. 2009. 

<http://www.geos.ed.ac.uk/research/globalchange/group4/Galapagoscoral.html>. 

Dawson, Terence P., F. Jarvie, and F. Reitsma. "A habitat suitability model for predicting coral 

community and reef distributions in the Galapagos Islands." Galapagos Research 66 

(2009): 20-26. Print.  

Durham, William. "What have we learned about Evolution from the Galapagos?" Sophomore 

College: Darwin, Evolution and the Galapagos. Main Quad Building 50, Stanford 

University. 08 Sept. 2009. Lecture. 

Glynn, Peter W., and Gerard M. Wellington. Corals and Coral Reefs of the Galapagos Islands. 

Berkeley and Los Angeles, CA: University of California, 1983. Print.  

Glynn, Peter W., B. Riegl, A. M. S Correa, and I. B. Baums. "Rapid recovery of a coral reef at 

Darwin Island, Galapagos Islands." Galapagos Research 66 (2009): 6-13. Print.  

Glynn, Peter W., Juan L. Mate, Andrew C. Baker, and Magnolia O. Calderon. "Coral Bleaching 

and Mortality in Panama and Ecuador during the 1997-1998 El Nino-Southern 

Oscillation Event: Spatial/Temporal Patterns and Comparisons with the 1982-1983 

Event." Bulletin of Marine Science 109th ser. 69.1 (2001): 79-107. Print.  

Hambleton, Liz. "Monsters of the Deep." Bio 41 Explorations. Clark Center, Stanford 

University. 04 Oct. 2009. Lecture. 

Hoegh-Guldberg, O. et. al. "Coral Reefs Under Rapid Climate Change and Ocean  Acidification." 

 Science os 318 (2007): 1737-1742. 29 Dec. 2007 

 <http://www.sciencemag.org/cgi/content/full/318/5857/1737>. 

Velasquez-Manoff, Moises. "The tiny, slimy savior of global coral reefs?" Christian Science 

Monitor 6 Feb. 2009. Christian Science Monitor. 6 Feb. 2009. Web. 8 Feb. 2009. 



Perkins  11 
 

<http://features.csmonitor.com/environment/2009/02/06/the-tiny-slimy-savior-of-global-

coral-reefs/> 

 


