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ABSTRACT:  

 Porites californica is the most common coral species found in the intertidal zone of the Gulf 

of California. Despite its prevalence, little information is known about its ecology and its specific 

interactions with other intertidal organisms. This study examines two questions of particular interest: 

(1) the causes behind P. californica’s seasonal color shift from its usual bright emerald green to a 

darker, browner coloration (winter months); and (2) the effects of seasonal Sargassum macroalgae 

on the growth and coloration of P. californica. Coral tissue and polyps from colonies of varying 

colors were examined by light microscopy to distinguish whether P. californica’s color shift is caused 

by changes in its associations with symbiotic microalgae. The effects of Sargassum on P. californica 

were observed by a month-long Sargassum removal experiment, in which Sargassum was removed 

from one of two nearby colonies in each of 7 total colony pairs. In addition, comparisons of 

zooxanthellae cell densities were made between portions of coral that bordered the Sargassum and 

portions of coral that did not. Our results show that P. californica coral which is shadowed by 

Sargassum turns a darker brown coloration. The dark brown color is most likely due either to 

increased concentrations of zooxanthellae or increased pigment concentration per zooxanthellae 

cell. However, ineffective zooxanthellae extraction methods did not allow for accurate cell count 

comparisons. Although Sargassum can completely shadow P. californica colonies, it was not 

observed growing on or into the actual coral, and P. californica regained previous emerald green 

coloration once the Sargassum was removed. While zooxanthellae were observed to cause P. 

californica’s brown coloration, the coral’s emerald green color did not appear to be caused by green 

algal symbionts. It is likely that this green coloration is caused by naturally produced fluorescent 

pigments. Such pigments act as photoprotectors, which would explain the observations that colonies 

receiving less direct sunlight tend to be less green.   
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Introduction 

Background Information 

Verrils’ studies and observations conducted in 1869 give some of the first known 

descriptions of Porites californica.  Verril found that Porites californica of the phylum 

cnidaria, class anthozoa, order madreporaria, family poritidae, and genus Porites is an 

emerald green color that could be found in the intertidal and subtidal areas throughout the 

Gulf; though it is overall the most commonly found coral in the intertidal area. The 

emerald green color of the coral is thought to be caused by a naturally produced pigment. 

The coral also hosts zooxanthellae, which have a mutaulistic relationship with the coral.  

Porites californica found in subtidal areas are usually not emerald, but rather a yellow 

color due to reasons unknown. The coral forms colonies from several inches long to 

almost a foot in length. Verril also noted that Porites californica cells are large and 

separated by thick porous walls. Height usually reaches 3 to 5 inches, while diameter is 

described as 6 to 8 inches or more. 

Previous Studies 

A Previous study done by P.B. Fenberg and D.H. Goddwin in 2002 on how the 

climate change during the Pleistocene affected the growth of Porites californica in the 

Gulf of California, showed that warmer winter temperatures in the southern Gulf of 

California during the last interglacial enhanced annual growth rates, which facilitated 

northward expansion of Porites colonies. This created colony development 400km 

further north than previously found. This research also suggested that winter temperature 

is the main controlling factor limiting growth of Porites. 
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A study done on Cocos Island off of Central America by Gerald J. Bakus in 1972, 

found Porites californica to be the subtidal benthic fauna dominating outside the bays as 

well as inside the deeper waters within the bays. Porites was described as mushroom-

shaped hermatypic (reef-building) coral which when well developed simulates an 

inverted stack of medusoid strobilae. In this area Porites was found from the water’s 

surface down to depths of 8m to 3m, until it gave way to sand. Observations within this 

study included that the living Porites found were usually intermixed with Porites rubble, 

and both were free of epibionts due to the presence of polyps on living corals and 

extensive rasping of fish found commonly in the area. At some sites within the Cocos 

many small, flat, somewhat spherical red foraminiferans live on Porites. Slits were also 

commonly found on the surface of Porites from burrowing barnacles and crabs, while the 

sides and underneath were covered by oysters, vermetid gastropods, and hyroids. Holes 

and caverns under Porites were also commonly found to be home to the lobster 

Panulirus, including P.gracilis and P. penicillatus. Predators on Porites in this region 

include members of the tropical fish families which feed upon benthic biota, the most 

common among these are Parrotfishes. The Cocos Island subtidal structure was found to 

have Porites being highly developed (i.e. widespread and dominant) in contrast to the 

many islands around it in which coral was only found in small isolated patches.  

 Zonation and population density studies of benthic invertebrates at Malepo Island 

(approximately 400 miles away from the Cocos Island) by The Smithsonian Institution 

and Charles Birkeland in 1972 found that two species of Porites predominate in 

shallower waters, but below about 18m the Porites is replaced by a species of reef-

forming corals. This is different from what was found at Cocos Island, where a one 
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species reef predominates (95% Porites). Also in contrast to Cocos Island, Malepo Island 

found many species of algae such as Padina and Sargassum. This may be due to the 

lower density of Parrot fishes.  

A study done on structure, distribution and predators of the Pacific coral reefs in 

Panama by Peter W. Glynn, Robert H. Stewart, and John E. McCosker published in 1972 

showed that massive coral species, such as Porites, assume a more important role when 

close to Poccilopora or around the reef base at greater depths. At shallow depths Porites 

californica and Pocillopora were the most abundant, and the Porites at this depth did not 

cover surface areas above 50 sq. cm.  In this area it appeared that Pavona varians and 

Millpora intricate were competing for space with the Porites californica. Another 

observation made during this study was that Porites californica co-occurred with 

Pocillopora at low density, but was absent where the Pocillopora formed a continuous 

cover. Porites in isolated colonies was found no deeper than 15m within and around the 

transects taken in Panama. Evidence from this study indicated that sedimentation and 

fresh-water dilution were limiting factors in certain areas, while the thermal conditions in 

this region cause a wide range of conditions that effect coral occurrence and abundance. 

Predators of coral off the coast of Panama were also observed, with approximately 22 of 

the 57 Porites califonica colonies observed showing evidence of destruction by predators. 

The gut content from Arothron meleagris was 2.9 % Porites californica, and the gut 

content of Sufflamen verres contained a mass of 10.40grams of Poccilopora lacera and 

Porites californica combined. An interesting observation made during the study was that 

the larger undigested fragments of Porites and Poccilopora would continue to live after 

separation from parent colonies.  



 4 

Our Study 

Our study into Porites californica was done in the Gulf of California at Puerto 

Penasco, Mexico (also known as Rocky Point) at Station Beach in the intertidal zone 

between the months of February and April of 2007. The objectives of our study included 

learning the average size of P. californica within different zones of the intertidal, the 

proportion of corals of varying colors (brown and green) within different zones, species 

associated with P. californica, the relationship between Sargassum macroalgae and P. 

californica, and the effects of Sargassum shading on zooxanthellae cell densities in P. 

californica coral tissue. Our research was intended to answer our questions of whether the 

distribution of colony sizes changes between different tidal zones, what is the cause of 

Sargassum’s seasonal color change (a shift from emerald green in summer months to 

brown during winter months), and does Sargassum have a detrimental effect on Porites 

californica. Little to no research has previously been done on any of these aspects of 

Porites californica, and though not all questions have been answered to our satisfaction, 

our data has shed light on Porites that will lead to new areas of research in the future.  
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Methods 

February 3
rd   

2007: Coral Size and Color Transects (one zone sampled) 

At 7pm on Station Beach in Puerto Penasco, Mexico (Rocky Point) we started 

research on average size and color of Emerald coral. At Station Beach there are two 

permanent structures that we used consistently as landmarks; The Granada del Mar hotel 

with a restaurant named Sammy’s attached to it, and a model house. Between the model 

house and the hotel was an RV Park and fence. We decided to use the end of the model 

house as our starting point and landmark, so we walked down near to where the water 

was coming in, but not so close as to worry about the tide that would eventually be 

coming back in, and when looking up from the beach at our starting point the model 

house was in view. We walked in a straight line parallel to the water looking a Meter to 

the left and right of the line. Within this total area, which ended up being 84 meters x 2 

meters, we recorded length and width in cm, color of coral, and any other observations 

that could be made. We stopped walking when we had recorded data on 50 emerald coral 

colonies. When we were done it was 9:30pm. The tide started going down at 7pm and by 

8pm it was at -2 feet, and by 9pm the tide was at its lowest point, -3 feet. The weather at 

the time was cold and windy, the maximum temperature for the day was 22.4 degrees 

Celsius, and the minimum temperature for the day was 6.9 degrees Celsius. 

 

February 17
th 

2007: Coral Size and Color Transects (three zones sampled) 

Starting at 8 am on Station Beach research was done on size and color of Emerald 

coral in different elevations (or zones) within the intertidal. We used a clear transparency 

that had a 3x3 cm grid lines to take size data. We put the transparency on top of the coral 
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and counted how many squares it took to cover the coral. We also took down color 

information and observations of environment on and around the coral, including other 

organisms seen. To get data on Emerald coral at different elevations we decided to start 

close to the water and after getting information on a set number of coral, we would move 

up closer to where the sand meets the rock, away from the water. We determined before 

starting that we would do this three times, so we would have information on coral in three 

different elevations. We started closest to the water and walked in a straight line parallel 

to the water, until we had data for 26 coral colonies. When that line was finished it was 

8:51 am and we walked up from the waters edge towards the beach 28.5 M. We then 

started a second line, parallel to the water, but 28.5 M closer to the beach, and walked in 

a straight line until we had information on 25 emerald coral colonies.  We took data using 

same methods as for the previous line. After this line was complete we walked up 

towards the beach 38.5 M, it was 9:46am.  This last elevation/zone area that data was 

collected in,  was a total of 67M from the waters edge(the 1
st
 elevation/zone done), and 

38.5M away from the second elevation/zone. Due to the tide coming in quicker than 

expected we were unable to get data on 25 Emerald coral colonies for this zone, but we 

were able to get data for 12 colonies, using the same method of walking in a straight line 

parallel to the water and using the transparency for size data. The landmarks used to 

indicate the area we were in included the hotel and model home, with the RV Park in 

between. The maximum and minimum temperature for the day was not recorded, but for 

the previous day, February 16
th

 the maximum temperature was 22.3 degrees Celsius and 

the minimum temperature was 8.4 degrees Celsius. The temperature at 9:15 am on the 

day our data was collected, February 17
th

, the temperature was 17.7 degrees Celsius. On 
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February 17
th
 the low tide started at 6am, by 8am it had reached its lowest point of -3 

feet, and at 10am the tide was at 0 feet, on its upward climb back to high tide. In our data 

the area closest to the water is described as lower intertidal, the second elevation done 

28.5 M away from the water is described as middle intertidal, and the third elevation 

done, closest to the area where sand meets rock is described as upper intertidal. 

 

March 3
rd

 2007: Sargassum Removal Experiment 

We started research into the associations between Emerald coral and algae, 

specifically Sargassum, the morning of March 3
rd

 at 8:31am. The sun was out and it was 

a little windy, though not as cold out as previous trips. To see association between the 

coral and algae we decided the best route to take would be in conducting exclusion 

experiments. The exclusion experiments we did took place at Station Beach and were 

conducted by finding two coral colonies similar in location and amount of Sargassum on 

or around it, and randomly choosing one of the two for removal of algae, with the other 

being a control(in which no algae would be removed). We did this a total of eight times, 

though two of the removals had two controls rather than just one. The first three 

exclusions were the only ones not done in one of the large tide pools found at Station 

Beach. They were done closer to the waters edge, further away from the tide pools and 

beach. All of the exclusions were done within the area bound by the geographic markers 

we had chosen; the hotel and the model house. All exclusion sites and samples were 

documented by photographic evidence and hand-drawn maps of location. The first 

exclusion was 145 degrees from the south end of the hotel and was next to the only large 

rock that can be found in the area. The control for the first exclusion was 6 feet south 
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(down coastline). The second exclusion was 300 degrees from the first (approximately 19 

“normal” steps from the rock next to the first exclusion). The same control was used for 

the second and third exclusions due to the closeness in area. The third exclusion was 43 

degrees and approximately 8ft from the second exclusion. The control used for the 

second and third exclusion was just south of the third exclusion, approximately three feet 

away. There are three large tide pools between the landmarks of the hotel and model 

home we used. The fourth exclusion was in the tide pool closest to the water, south of the 

other two tide pools. When looking up towards the beach between our landmarks, in our 

direct line of vision, was the space to the right of the trash can, and the left of the fence 

next to the model home. We were 336 degrees from the middle of the coquina bridge that 

separates the first two tide pools. The coral used for exclusion was mostly green with 

only some areas of encroachment of Sargassum. Places that had been covered with 

Sargassum, after Sargassum was removed, were noted to be brown in color. The control 

was approximately 8 feet away from the fourth exclusion site, and 342 degrees, when 

looking up towards beach the trash can was in our direct line of vision. The fifth 

exclusion was approximately 36 normal steps away and 156 degrees from the coral on the 

middle of the coquina bridge, which separates the first and second tide pools. The control 

for the fifth exclusion was approximately 1 foot away and was almost completely 

surrounded by Sargassum. The sixth exclusion was on the coquina bridge that separates 

the first and second tide pools, it was brown and green in color, with the edges where the 

Sargassum was removed much more brown in color than the rest. The first control for 

this exclusion was 351 degrees from the removal, and approximately 11feet away. The 

second control for the sixth exclusion was Emerald coral that was on a coquina island 



 9 

next to the coquina bridge. It was brown and green and surrounded by Sargassum. The 

seventh exclusion was done on Emerald coral found on a small coquina island in the tide 

pool furthest from the hotel. The coquina island, though in the tide pool, was close to the 

edge of the tide pool that was closest to the beach.  The first control for this was 

approximately 2.3 feet from the removal and 49 degrees, like the removal this control 

was also on a small coquina island. The second control was 171 degrees and 

approximately 9.2 feet away from the removal. The eighth exclusion was done in the tide 

pool closest the hotel. When looking up towards the beach in my line of vision is the 3
rd

 

RV from the left of the trash can. The control was approximately 6-7 normal steps away 

and 120 degrees from the removal. All removals were done by pulling off all Sargassum 

possible; the Sargassum pulled off was on or around the emerald coral chosen for 

exclusion. We pulled off the Sargassum by hand. The controls had no Sargassum 

removed; they were left untouched so that comparisons could be made between the 

specimens during future trips. On March 3
rd

 the tide started going down at 7am, and 

reached its lowest point of -2 feet at 8am. The tide was back at zero at 10am.  

 

March 18
th

 2007: Sargassum Removal Experiment 

Starting at 7:35 am all of our exclusion experiments were checked on, photos 

taken and observations written down. This was done by using the pictures and photos 

from when we did the exclusion experiment to find our sites. At each site new growth of 

Sargassum was removed by hand from the corals that had been chosen for exclusion. It 

was sunny and slightly windy out. 
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April 4
th

 2007: Sargassum Removal Experiment 

Starting at 7:56am we checked on all of our exclusion experiments, taking photos 

and writing down observations. This was done by using the pictures and photos from 

when we did the exclusion experiment to find our sites. At each site new growth of 

Sargassum was removed by hand from the corals that had been chosen for exclusion. It 

was sunny with no clouds, with a light wind. 

 

April 20
th

 2007:  Zooxanthellae Concentration Studies 

Sample Collection 

Collection time:  8:00AM-11:00AM 

Conditions:  windy and slightly overcast 

Low Tide:  -3.8 feet at 9:45AM 

 

Samples were taken from Porites californica colonies that had edges that were 

bordered by Sargassum, as well as having edges that were not bordered by Sargassum (or 

any other types of algae). Two small pieces of coral (approx. 1-2 sq. cm each) were 

randomly cut from each edge (i.e. the Sargassum-facing edge and the non-algae-facing 

edge), amounting to 4 samples from each coral colony. Samples were taken from a total 

of 14 coral colonies throughout the intertidal.  

Zooxanthellae Extraction 

Each sample was first clipped of extra debris and rinsed in filtered seawater. 

Photos were taken of the sample next to a scaled ruler, so that its surface area could later 

be calculated. We flushed the coral’s tissue out of its skeleton using a commercially sold 
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waterpik (home dental appliance). The waterpik was used to shoot a pulsating stream of 

filtered sea water at the sample, allowing the coral’s tissue and accompanying 

zooxanthellae to be washed into a beaker. We attempted to homogenize the solution 

using a mortar and pestle; however this procedure was inefficient and did not completely 

free the zooxanthellae from the coral’s tissue and mucus. After homogenization, the 

solution was poured into a number of 15mL centrifuge tubes, and centrifuged for 20min. 

Zooxanthellae pellets were then scraped from each 15mL tube, transferred to a single 

ependorf tube, and centrifuged for an additional 20min.  

Measuring Zooxanthellae Concentrations 

For each sample, 1.0mL of filtered salt water was added to the ependorf tube 

containing the previously centrifuged zooxanthellae pellet. Due to difficulties in re-

suspending the pellet, the pellet and solution were homogenized using a mortar and 

pestle. The homogenized solution was retransferred to the ependorf tube, and the 

zooxanthellae were completely suspended in the solution by using a vortex machine. 

Immediately after vortexing, the solution was transferred by pipette to a hemacytometer 

for taking algal cell counts.  

 

 



Qualitative Results 

 
Observations of the sources of green and brown coloration in Porites californica 

 

 
Above: Examining coral samples from different colored colonies under a dissecting microscope. [A] is a sample 

from a light green colored colony, [B] is a sample from a slightly brownish colored colony, and [C] is sample from 

a dark brown colored colony. Further microscope worked showed that the brown coloration observed in these 

photos is due to the corals’ symbiotic zooxanthellae. 

 

 

 

 

 

Left: This photo examines a single green polyp 

from P. californica under a compound 

microscope (400X magnification). The only type 

of algae observed were the large zooxanthellae 

(Symbiodinium spp). No evidence of green algae 

was observed. 

 

 

Endosymbionts Found on Porites 

californica 
 

Below: These are a few of the endosymbionts 

observed living in P. californica. [A] 

unidentified. [B] unidentified mollusk. [C] the 

Armatobalanus durhami barnacles, obligate 

symbionts only found on P. californica. 

 

 

A           B             C 

green polyp from P. californica – 400X magnification 

A                                              B             C 



 

 

 

Coral-Macroalgae Competition 

Observations 
 

The Effects of Sargassum Algae on 

Porites californica 

The following pages are photo-records of 

four coral colonies over a time span of one 

month. These colonies were specifically 

chosen for analysis because, initially, parts 

of the colonies were completely shaded by 

Sargassum algae.  

 
Explanation of Notation Used: Eight groups of 

colonies were chosen for study, and each group was 

arbitrarily assigned a number 1-8. In each group, the 

experimental colonies (from which Sargassum algae 

was removed) were denoted with an A (e.g. 1A is the 

experimental colony from group 1). Control conies 

were likewise denoted with a B.   

 

 

 

 

 

 

Right: Colony 1A. Before Sargassum 

removal [A], parts of this colony were 

completely covered by the algae. 

Immediately after removal [B], it could be 

seen that the shaded portion of coral had a 

very dark brown color, compared with that 

of the unshaded portion of coral. 

Approximately two weeks later [C], the 

shaded portion of coral has regained a light 

green color, similar to that of the unshaded 

coral.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

March 2
nd

 2007 

March 2
nd

 2007 

March 18
th 

2007 

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C 

 

 

 

 

 

 

 
 

 

 

 



 

 

Right: Colony 5A. 

  

[A] Before Sargassum removal.  

 

[B] Immediately after Sargassum removal. 

The top edges that were previously shaded 

by the algae are shown having a darker 

brown coloration compared with the rest of 

the colony.  

 

[C] Approximately 4 weeks after 

Sargassum removal, the previously brown 

edges have attained a light green color. 

 
 

March 3
rd

 2007 

March 3
rd

 2007 

April 4
th

 2007 

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

B 
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Right: Colony 6A.  

 

[A] Before Sargassum removal. 

 

[B] Immediately after Sargassum removal, 

showing the brown coloration of the coral 

edges that were previously shaded. 

 

[C] Four weeks later, the previously shaded 

edges are not as dark brown, and they have 

attained some light green coloration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

April 4
th

 2007 

March 3
rd

 2007 

March 3
rd

 2007 
A 
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C 

 

 

 

 

 

 

 
 

 

 

 



 

 

Right: Colony 7A.  

 

[A] Before Sargassum removal.  

 

[B] Immediately after Sargassum removal. 

The previously shaded edges are clearly 

seen with a very dark brown coloration. 

 

[C] Four weeks later, the previously shaded 

edges are not as brown, and they have 

attained a light green coloration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

March 3
rd

 2007 

March 3
rd

 2007 

April 4
th

 2007 

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C 

 

 

 

 

 

 

 
 

 

 

 



 

 

Right: Yellow coloration of shaded edges 

attained after Sargassum removal. When 

revisiting the coral colonies 2 weeks after 

the initial Sargassum removal, all of the 

above described colonies had portions of 

coral that attained a yellow coloration (the 

arrows point to examples). Although not 

shown here, colony 6A also attained some 

yellow coloration on its shaded edges, but 

its photos are less obvious.  

 

 

 

 

 

 

Below: A zoomed shot of the yellow portion 

on colony 5A. Both the polyps and the 

underlying coral tissue are yellow in coral.  

 

 
 

Colony 1A – March 3
rd

 2007 

Colony 5A – March 18
th

 2007 

Colony 7A – April 4
th

 2007 

Colony 5A – March 18
th

 2007 



 

The Effects of Red Encrusting Algae 

Below: Colony 4B provides evidence that encrusting red algae actively competes with P. californica and can 

overgrow living parts of its colony. Over a span of approximately one month, the small disc shaped piece of algae 

increased in surface area by approx. 0.19 cm
2
, and one of its edges was shown to have moved 0.19 cm outwards. 

 

 
 

 

 

 

 

The Effects of Bubble Gum Algae Shading 

Below and Next Page: Photos from four of the recorded colonies provide insights into the aftereffects of bubble 

gum algae shading. It appears that the bubble gum algae is attached to a small area of substrate (coral or not) and 

grows outwards, often shading large portions of P. californica. However, weeks after the bubble gum algae falls 

off due to natural forces, the previously shaded coral looks just as healthy as the rest of the colony. Arrows point to 

the location of bubble gum algae growth, before and after it has fallen off. 

 

 
 

 

 

 

 

 

March 3
rd

 2007 April 4
th

 2007 

Colony 1B – March 18
th

 2007 Colony 1B – April 4
th

 2007 



The effects of bubble gum algae continued: 

 

 

Colony 4A – March 18
th

 2007 Colony 4A – April 4
th

 2007 

Colony 7B – March 18
th

 2007 Colony 7B – March 18
th

 2007 

Colony 7 (extra control) – March 18
th

 2007 Colony 7 (extra control) – March 18
th

 2007 



Quantitative Results 

 
First Study: February 3

rd
, 2007 

 

Distribution of Colony Sizes and Colors  

 

This was our first study of coral size and color. The data is based on a single transect in the low-

to-mid intertidal area (please see methods for further details). 

 

 
 

 
 

 

 

Proportions of  colonies having the given coral 
colorations (%) 

24 

72 

4 

(n = 50) 

 

 

Note: The color proportions measured for 

this first study maybe be somewhat biased, 

compared with our later studies. This is 

because these observations were made at 

night, and there was less light available to 

observe the actual colors of the colonies. 

Due to this, we might have only recorded 

“Brown” colonies for those that were 

exceptionally dark in color. 
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February 3
rd

 – Continued: 
 

Proportion of Coral Colonies Associated with Different Organisms 

Organisms Associated with Emerald Corals

(n = 50)
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Second Study: February 17
th

, 2007 

 

Distribution of Colony Sizes and Colors within All Intertidal Zones (Low, Mid, Upper) 
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All Intertidal Zones 

Mean ± S.D. = 90.23 cm
2
 ± 92.50 cm

2 

 

n = 63 

Colony Color Proportions (%) 



Distribution of Colony Sizes and Colors Between Different Intertidal Zones 

 

 
 

 

 

 Coral colony sizes tend to be larger in the mid-intertidal than either the lower intertidal (one-tailed t-test, 

P<0.01) or the upper intertidal (one-tailed t-tests, P<0.07).  

 

Size (cm2) 

Lower Intertidal 

Mean ± S.D. = 58.55 cm
2
 ± 44.50 cm

2 

 

n = 26 

 

 

 

 

 

 

 

 

Mid Intertidal 

Mean ± S.D. = 130.50 cm
2
 ± 113.04 cm

2 

 

n = 25 

 

 

 

 

 

 

 

 

Upper Intertidal 

Mean ± S.D. = 75.00 cm
2
 ± 97.68 cm

2 

 

n = 12 
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Zooxanthellae Concentration Study: April 20
th

, 2007 
 

Analysis of Zooxanthellae Concentrations in  

Sargussum-bordering Coral VS non-Sargassum-bordering Coral 
 

Explanation of notation: Samples from three coral colonies were analyzed. Each of these colonies had edges that 

bordered Sargassum and edges that did not border Sargassum (or any other types of algae). Coral colonies were 

arbitrarily numbered 1-3, and four samples were taken from each colony. Two samples bordered Sargassum and 

were denoted with an A. The other two samples did not border Sargassum and were denoted with a B. Thus “2B1” 

is from colony #2, did not border Sargassum, and is sample #1.  

 

  
algal cells / sq. cm coral algal cells / mL pellet 

mL Algal pellet / 
sq. cm coral 

Sample Average S.D. Average S.D. Average 

1A1 2149100 951000 109650000 48500000 0.0196 

1A2 1988500 634000 15908000 5070000 0.125 

1B1 2230300 748000 99567000 33400000 0.0224 

1B2 1281000 161000 18700000 2350000 0.0685 

2A1 511250 129000 9450000 2390000 0.0541 

2A2 769620 391000 2580900 1310000 0.2982 

2B1 2282100 475000 2282100 4910000 0.0968 

2B2 1676900 250000 1676900 4780000 0.0523 

3A1 59150 82000 59150 485000 0.169 

3A2 1112400 398000 1112400 7030000 0.0566 

3B1 549330 279000 549330 2230000 0.125 

3B2 682320 207000 682330 2360000 0.0879 
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Below: Zooxanthellae concentrations shown over averaged samples. The p-values for two-sample 

t-tests (assuming unequal variances) are provided. None of the differences in average 

zooxanthellae concentrations are significant using a significance level of  = 0.05. It is very likely 

that the measurements for these samples are inaccurate due to difficulties in zooxanthellae 

extraction and sample homogenization (please see “Discussion” for further details). 
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P = 0.08 

P = 0.48 



Discussion 
 

Sources of Green and Brown Coloration in Porites Californica 

 When using a compound microscope to observe P. californica’s green polyps, the 

microalgae that could be observed was zooxanthellae. Thus, the coral’s green coloration 

does not appear to be caused by green algal symbionts (such as that found in certain 

anemone species). It seemed likely that we would reach this conclusion, since Porites’ 

emerald green color appears different from the green pigments found in terrestrial plants. 

The emerald green color P. californica is most likely naturally produced by the coral. 

Even if so, it still remains to be explained why Porites found in deeper depths is a dirty 

yellow color. Such a dirty yellow color was also found on the edges of previously 

shadowed coral after the removal of Sargassum. Questions for further research on this 

topic might include whether or not the presence of zooxanthellae influences the corals 

ability to produce green pigments. Are certain chemical effluents from the zooxanthellae 

used by the coral for pigment production? 

Although P. californica’s green pigment may not be directly due to algae, there 

seems to be sufficient evidence proving that its brown coloration is due to the presence of 

zooxanthellae. Comparing three coral samples of varying colors under a dissecting 

microscope shows that increased zooxanthellae concentrations may be the cause of the 

darker brown coloration observed by some coral colonies. Many P. californica colonies 

attain a darker brown color during the cold winter months. Based on our microscope 

observations, this may be due to increased zooxanthellae concentrations. If so, why 

would zooxanthellae concentrations increase during this time? Although temperature may 

play a role, the potential cause that we chose to examine was the presence of the seasonal 



Sargassum algae, which proliferates during winter months and virtually blankets the 

intertidal in Puerto Peñasco.  

Four of the coral colonies that we examined had Sargassum shadowing (i.e. 

growing over) larger portions of the colonies. When the Sargassum was removed, 

previously shadowed portions of the colonies showed a distinct brown coloration. This 

observation led us to examine the differences in zooxanthellae concentrations between 

shadowed coral and non-shadowed coral. However, the data presented is extremely 

variable and most likely inaccurate due to difficulties in extracting the zooxanthellae 

from the coral and homogenizing the samples. When trying the centrifuge the 

zooxanthellae down to a pellet, many of the zooxanthellae cells were still adhered to 

mucus and coral tissue. Since the mucus and tissue were positively buoyant, they formed 

a film at the surface of the centrifuge tube. We were not able to homogenize the mucus 

film and sample any further, and so the mucus films of many samples were discarded—in 

addition to the zooxanthellae still adhered to it. Thus, due to inaccurate sampling, we are 

not able to draw any conclusions from our zooxanthellae concentration data.  

Ecological significance and impacts of Various Macroalgae on  

Porites californica 

Sargassum is capable of overgrowing and shadowing portions of Porites 

californica colonies, and sometimes even entire colonies. Although the Sargassum was 

able to grow over the coral, it did not actually colonize or grow into the coral. Initially, 

we had wanted to examine whether the Sargassum is able to kill the coral by first 

shadowing it, and then eventually growing on or into the coral itself. If this were possible, 

however, the sheer abundance of a winter Sargassum bloom could potentially wipe out 



most of the coral colonies in the intertidal. Over the course of a month, we have observed 

that P. californica is easily able to regain its green, “healthy” color once the 

overshadowing Sargassum is removed. Thus, a more likely scenario is that Sargassum 

limits Porites’ access to light and its ability to feed. It’s possible that the coral increases 

its zooxanthellae concentration to compensate for the disruption of polyps that might 

otherwise be feeding. Another possibility is that the decreased amount sunlight received 

by the zooxanthellae, causes individual zooxanthellae cells to increase in pigment 

concentration. If such brown colored coral is indeed unhealthy, it may be vulnerable to 

colonization by other organisms, such as burrowing snails, barnacles, or tube worms. 

Although Sargassum may be unable to overgrow Porites, its shadowing effects could 

provide opportunities for other species to colonize and overgrow the colony.  

The actual shadowing effects of bubble gum algae on Porites californica were not 

observed through a removal experiment. However, we can see that coral previously 

shadowed by bubble gum algae appears healthy and green after the bubble gum algae 

falls off naturally. On the other hand, encrusting red algae is capable of over growing live 

Porites polyps, showing that it directly competes with P. californica for space. This may 

be important to note, since there is little evidence of algae actually competing with or 

overgrowing corals over time. Sometimes such claims are based on assumptions (e.g. if 

there’s a piece of algae growing on the colony, it must be directly competing with it for 

space). This can be misleading since the actual coral colony may have been unhealthy or 

vulnerable, in the first place. For example, a burrowing barnacle might create a hole in a 

coral colony, which later provides a suitable point of colonization and growth by a 

species of macroalgae such as Sargassum.   



Additional Natural History Contributions 

 In addition to providing new observational data on the interactions between 

Porites californica and various macroalgae species, our study has also supplied 

information on the coral’s size and its associated species in Puerto Peñasco. Size 

distribution studies show us that coral colony sizes tend to be larger in the mid-intertidal 

than either the lower intertidal (one-tailed t-test, P<0.01) or the upper intertidal (one-

tailed t-tests, P<0.07).  

The Porites californica colonies were often found with species growing in or 

around them, including various anemones and tube worms. The highest associations, 

however, were with macroalgae. Bubble gum algae and encrusting red algae were 

associated with 64% and 34% of the observed colonies, respectively.  

 

 

 

 



RAW DATA 

February 3
rd

, 2007 

The following data was collected from 7:00pm-9:30pm on February 3
rd

, 2007, at Station Beach, Puerto 

Peñasco, Mexico. A transect was created parallel to the beach, starting at the water line at 7:00pm (0ft. tide and 

decreasing). This was within zone 4 of the intertidal, as defined by the presence of brown carpet anemones. 

Relative to the beach, the transect started just south of the Granada del Mar hotel and proceeded northward, 

parallel to the beach. The transect was 84m long by 2m in with, and the data represent characteristics observed for 

every emerald coral within this 84x2m rectangular transect. In terms of the “Associated Organisms”: brown carpet 

anemones, bubble gum algae, and red branching algae are organisms found growing at the periphery of the coral 

colonies; tube worms are those found growing out of the coral skeleton itself; and the red encrusting algae was 

seen growing on or over parts of the coral colonies.  

  

 

          Associated/Nearby Organisms   

Coral 
colony 
number 

Length 
(cm) 

Width 
(cm) 

Size  
(sq. 
cm) 

Brown 
coral 

color? 

Brown 
Carpet 

Anemones? 

Tube 
worms? 

Bubble 
gum 

algae? 

Red 
Branching 

Algae? 

Red 
Encrusting 

Algae? 
Notes 

1 25 16 400 no yes no yes yes no 

also fan algae, one 

anemone, and holes 

possibly for tube worms 

or barnacles 

2 26 13 338 no yes no no yes no 

holes- possibly for tube 

worms 

3 26 11 286 no yes no no yes no one tube snail seen 

4 4 2 8 no no no no no no   

5 24 22 528 no no yes yes no no 

snail, octupus, and 

shrimp also seen 

6 45 29 1305 no yes no yes no yes 

fan algae and 2 

anemones also seen 

7 23 11 253 no no no yes no no 

2 anemones, leaf algae, 

and an unknown algae 

also seen 

8 19 10 190 no no no yes no yes   

9 12 4 48 no no no no no no 

The coral that was 

exposed was not bright 

green, but turning dull 

color 

10 24 10 240 no no yes yes no no 

2 anemones and an 

unknown algae were 

seen 

11 12 3 36 no yes no no no yes   

12 13.5 9 121.5 no no no yes no yes   

`13 16 9 144 no no no yes no yes 1 anemone seen 

14 10 6 60 no no no yes no yes   

15 5 4 20 no no no no no no   

16 17 5 85 no yes no yes no yes unknown algae 

17 14 7 98 no yes no yes no no   

18 26 8 208 no no no yes no yes 

shrimp, sargasm, and 

unknown algae also 

seen 

19 10 5 50 no no no yes no yes 

unknown slimy algae 

also seen 

20 3 3 9 yes no no no no no   

21 3 2 6 yes no no no no no   

22 6 4 24 no yes no yes no no   

23 4 3 12 yes no no yes no no   

24 30 14 420 no no yes yes no no 

holes- possibly for tube 

worms 

25 3 2 6 no yes no no no no   

26 8 5 40 no yes no no no no   



27 24 9 216 no yes no yes no yes 

blue touniquet and a 

hermit crab also seen 

28 10 6 60 no no no yes no yes unknown algae 

29 4.5 1.5 6.75 both no no yes no no   

30 2.5 2.5 6.25 yes no no no no no 

extremely brown in 

color  

31 3 2.5 7.5 no no no no no no unknown brown algae 

32 18 10 180 no no no yes yes no sargasm also seen 

33 6 2 12 no no no yes no no unknown algae 

34 2 1 2 no no no no no no unknown algae 

35 20 10 200 no no no yes no yes 

unknown algae and 

zooenthelle seen 

36 4 3 12 no no no yes no yes   

37 9 4 36 no yes yes yes no no   

38 1 1 1 yes no no no no yes unknown algae seen 

39 4 2 8 yes no no no no no 

unknown algae seen 

around coral 

40 8 3 24 yes no no no no no 

unknown algae seen 

around coral 

41 18 14 252 yes no no yes no no 

snail, fan algae, and 

unknown algae also 

seen 

42 10 7 70 no no no yes no no   

43 3 3 9 yes yes no yes no no   

44 3 3 9 yes yes no no no no   

45 10 5 50 no no no yes no no fan algae also seen 

46 10 2 20 yes no yes yes no no 

holes seen in coral, 

possibly from tube 

worms. unknown algae 

also seen 

47 22 12 264 no no no no no yes 

red slimy, sticky crab 

seen, unknown algae, 

and holes in coral 

48 15 10 150 no no no yes yes yes 

anemone, unknown 

algae, and holes also 

seen 

49 10 6 60 yes no no yes yes no   

50 39 21 819 both yes no yes yes yes 

holes and unknown 

algae also seen 

 

 

February 17
th

, 2007 

 The following data was collected from 8:00am-10:00am on February 17
th
, 2007, at Station Beach, Puerto 

Peñasco, Mexico. A total of three transects were used, each at a different tidal elevation. Since the distribution of 

emerald corals throughout the intertidal zone was rather sparse and depended on the particular substrate present, 

we sampled all emerald corals that could be found along our transect lines. Because of this, our data does provide 

information on the densities of emerald corals in the respective zones sampled. Rather, the transects were used to 

gain information about the demographics of the emerald coral populations at these different tidal elevations. The 

transects were located in the tide pools in front of the previously mentioned Granada del Mar hotel, and just south 

of this location. All transects ran parallel to the beach, to ensure sampling in specific tidal elevations/zones. 

Transect 1 started at 8:00am and was located at the waters edge at this time (-2.5 ft. tide; zone 4 as defined by 

presence of brown carpet anemones). Transect 2 started at 8:51am and was located 28.5m closer to the beach from 

the location of transect 1 (also zone 4 as defined by presence of brown carpet anemones). Transect 3 started at 

9:46am and was located a total of 67m closer to the beach from the location of transect 1 (zone 2/3; no brown 

carpet anemones present). For coral color: green (G), brown (B), green and brown (G/B). The barnacle clumn 

refers to the presence of Armatobalanus durhami, the small barnacles often found growing out of the coral 

skeleton.   
 

 



 
Coral 

colony 
number 

(specific to 
each 

transect) 

Transect 
# 

Zone 
# 

Size, 
LxW 
(sq. 
cm.) 

polyp 
color 

coral 
color 

Feeding? Barnacles? Notes: 

1 1 4 44 G  B n/a n/a 

3 large 

"barnacles" 

2 1 4 45 G G/B yes n/a   

3 1 4 54 G G  n/a no    

4 1 4 36 G G/B n/a no    

5 1 4 31.5 G G/B n/a no    

6 1 4 42.75 G B n/a no  

growing on: 

brown carpet, 

green turf, 

sargasm, and 

bubble gum 

7 1 4 11.25 G G/B n/a no    

8 1 4 49.5 G B n/a no    

9 1 4 81 G G/B n/a yes 

growing on: 

bubble gum 

algae; small 

crab in a hole 

in the coral 

10 1 4 54 G G/B n/a yes   

11 1 4 33.75 G G/B n/a no  

small crab in a 

hole in the 

coral 

12 1 4 40.5 G G/B n/a no  

divided in half 

by "turf-like-

sargasm"; 

growing on: 

bubble gum 

13 1 4 58.5 G B n/a n/a 

growing on: 

brown carpet, 

sargasm, 

bubble, and 

disc algae 

14 1 4 18 G B n/a n/a 

divided in half 

by "turf-like-

sargasm" 

15 1 4 13.5 G B n/a n/a   

16 1 4 108 G B n/a yes   

17 1 4 36 G G/B n/a no    

18 1 4 135 G B n/a yes   

19 1 4 117 G G n/a n/a   

20 1 4 36 G B n/a no  

coral #s 17-20 

ranged in 

overall color 

from B -> G/B 

-> pale G -> 

bright green 

21 1 4 184.5 G G/B n/a yes 

small crab in a 

hole in the 

coral 

22 1 4 49.5 G G/B n/a no    

23 1 4 36 G G/B n/a no    



24 1 4 153 G G/B n/a n/a 

A disc algae 

was covering 

part of the 

coral, and this 

part had brown 

coloration 

25 1 4 31.5 G B n/a no    

26 1 4 22.5 G B n/a yes   

1 2 4 126 G G/B n/a yes 

fleshy mollusc 

imbedded in 

the coral 

2 2 4 252 G G/B n/a yes 

fleshy mollusc 

imbedded in 

the coral 

3 2 4 13.5 G B n/a n/a   

4 2 4 207 G B n/a n/a   

5 2 4 45 G G/B n/a n/a   

6 2 4 427.5 G G n/a n/a   

7 2 4 76.5 G B n/a n/a   

8 2 4 54 G B n/a n/a   

9 2 4 130.5 G B n/a yes   

10 2 4 144 G G/B n/a yes   

11 2 4 85.5 G G/B n/a yes   

12 2 4 180 G G/B n/a yes   

13 2 4 45 G B n/a yes   

14 2 4 144 G G n/a n/a   

15 2 4 13.5 G G n/a n/a   

16 2 4 63 G B n/a n/a   

17 2 4 18 G G n/a n/a   

18 2 4 130.5 G G n/a n/a   

19 2 4 99 G G n/a yes 

corals #s 18 

and 19 looked 

to once be 

connected 

20 2 4 450 G G/B n/a n/a   

21 2 4 220.5 G G/B n/a n/a   

22 2 4 63 G B n/a n/a   

23 2 4 112.5 G G/B n/a n/a   

24 2 4 36 G G n/a n/a   

25 2 4 126 G B n/a n/a 

All corals in 

transect 2 (and 

perhaps all 

transects this 

morning) 

looked to be 

feeding. 

1 3 2/3 31.5 G B n/a n/a   

2 3 2/3 9 G B n/a n/a   

3 3 2/3 9 G B n/a n/a   

4 3 2/3 18 G B n/a n/a   

5 3 2/3 360 G G/B n/a n/a 

small crab in a 

hole in the 

coral 

6 3 2/3 126 G B n/a n/a   

7 3 2/3 31.5 G B n/a n/a   

8 3 2/3 49.5 G/B G/B n/a n/a   

9 3 2/3 45 G/B B n/a n/a   

10 3 2/3 121.5 G G/B n/a n/a   



11 3 2/3 63 G/B B n/a n/a   

12 3 2/3 36 G B n/a n/a   

Raw data for zooxanthellae cell counts 

 The data represents zooxanthellae sampled from the tissues of three Porites californica colonies. For each 

sample name, the first number is the colony number, the “A” denotes samples that were bordered by Sargassum 

macroalgae, the “B” denotes samples that were not bordered by Sargassum, and the last number denotes the 

sample number obtained from either “A” tissues or “B” tissues.   

 
Sample Number 

Grid Boxes on 
Hemacytometer 

(1 sq. mm) 
1A1 1A2 1B1 1B2 2A1 2A2 2B1 2B2 3A1 3A2 3B1 3B2 

A 1 16 27 10 14 8 8 41 28 1 11 3 7 

  3 27 28 14 20 8 4 26 29 0 6 5 7 

  7 6 19 13 17 8 2 32 21 0 17 5 7 

  9 27 29 16 20 6 2 29 26 1 16 2 5 

  Ave A 19.00 25.75 13.25 17.75 7.50 4.00 32.00 26.00 0.50 12.50 3.75 6.50 

  S.D.  10.10 4.57 2.50 2.87 1.00 2.83 6.48 3.56 0.58 5.07 1.50 1.00 

B 1 19 19 9 17 5 3 22 21 1 13 2 5 

  3 25 12 14 17 5 4 35 24 0 10 1 6 

  7 37 19 25 16 10 4 25 21 0 7 2 7 

  9 15 13 15 15 6 3 36 20 0 9 3 2 

  Ave B 25 15.75 15.75 16.25 6.5 3.5 29.5 21.5 0.25 9.75 2 5 

  S.D.  9.59 3.77 6.70 0.96 2.38 0.58 7.05 1.73 0.50 2.50 0.82 2.16 

Total Ave 21.50 20.75 14.50 17.00 7.00 3.75 30.75 23.75 0.38 11.13 2.88 5.75 

Total S.D. 9.50 6.61 4.87 2.14 1.77 1.91 6.41 3.54 0.52 3.98 1.46 1.75 

Combined Ave  21.13 15.75 5.38 27.25 5.75 4.31 

Combined S.D. 7.92 3.86 2.45 6.17 6.19 2.15 

 

 

 
Example of grid boxes on an actual hemacytometer  




