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 Abstract.   Anthropogenic CO2 emissions have been linked to ocean acidification and 
global warming. Calcareous organisms are affected by these changes. Calcifying macro 
algae like Padina boryana and Halimeda serve an important role in the building of reef 
complexes. I examined and enterpreted the differences in dissolved oxygen for both 
Padina boryana and Halimeda when exposed to an elevated thermal environment, and 
when exposed to seawater with elevated pCO2. Results showed that both of these 
calcified algae are sensitive to the changes in temperature and chemistry of the seawater 
they live in. Along the shallow shores, among the coral boomies, and along the back reefs 
of Moorea, both Padina boryana and Halimeda can be seen growing. This project hoped to 
determine if trends existed among the shore to the drop off. Results showed that the 
distribution of Padina boryana and Halimeda could not be correlated with their distance 
from shore.  
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INTRODUCTION 

 
 Today atmospheric CO2 is about 400ppm 
(NOAA), and according to the 
Intergovernmental Panel on Climate Change 
(IPCC) "business-as-usual" model, 
atmospheric CO2 is projected to reach double 
that value by the end of the century. Global 
temperature is to rise at least 2  Celsius by the 
year 2050. These values exceed those of the 
last 420,000 years, during which most extant 
marine organisms evolved (Hoegh-Guldberg 
et al., 2007). The ocean makes up some 70% of 
Earth’s surface, and is in constant contact with 
the atmosphere. Carbon dioxide interacts with 
the surface ocean, lowering the pH of the 
seawater through a series of chemical 
reactions involving the carbonate family 
(Emerson & Hedges, 2011). The production of 
hydrogen ion [H+] associated with these 
chemical reactions, due to ocean warming, is 
part of a process called ocean acidification 
(NOAA). The pH of seawater has decreased 
about 0.1 units since the pre-industrial times, 
and is projected to drop another 0.2-0.4 units 
by the year 2100 (IPCC, 2014). Evidence 
suggests that changes in the seawater 
chemistry have significant consequences for 
marine taxa (Guinette & Fabry, 2008).  
 Coral reefs are valuable and diverse 
ecosystems, which are at an increased risk of 
bleaching and mortality due to global 
warming and ocean acidification (Wilkinson, 
2004; Hoegh-Guldberg et al., 2007). Coral reef 

communities are very productive (Hatcher, 
1988). Like the reef building coral, the 
calcifying algae that cement the reef together 
are necessary to the creation of large and 
morphologically complex reef structures 
(Hoegh-Guldberg et al., 2007). Calcification 
rates of marine organisms are predicted to 
decrease, as the ocean continues to uptake CO2 

(Kleypas & Langdon, 2006).  Studies have 
shown that warming amplified the negative 
effects of high pCO2 on algae health, and lead 
to an increased mortality (Diaz-Pulido, 2012). 
Algal assemblages characterized by fast 
growth and cell-wall calcification, are likely to 
be ecological loser in the future ocean 
(Comeau et al., 2014). Consequently, the 
species of calcifying algae found in shallow 
tropical marine habitats show less recruitment 
and growth under acidified conditions, which 
could lead to large changes in the benthic 
community structures (Kuffner, 2008).  
 Padina is the only calcareous genus of the 
Phaeophyceae. A member of the Dictyotales, 
its distribution in warm and shallow seas is 
wide. Calcium carbonate is deposited as 
concentric zones of Aragonite on the surface 
of the thalli, and gives little support to the 
plants (Miyata, Okazaki & Furuya, 1977). 
Studies suggest that there is an intimate 
relationship between the initiation of 
calcification and photosynthesis, as the 
aragonite deposition initiates in the 
intercellular space of the thallus (Okazaki 
,2007).  



 Moorea, French Polynesia is a windward 
island located in the South Pacific, and is 
home to a host of endemic and envasive 
organisms. The Moorea biocode project aims 
to construct a library for every plant, animal, 
and fungi on the island (Biocode). According 
the Biocode, only two species of Padina exist 
on Moorea. Padina boryana is the more 
abundant of the two, and can be seen 
throughout the reef complex (Payri, 2000). 
Padina melemele is the smaller and less 
abundant of the two and is found exclusively 
on the outer slope (Payri et al., 2008). It is 
important to note that a third species of 
Padina is found on Tahiti, which is only about 
20 km from Moorea (Payri et al., 2000). This 
species, Padina pavonica, is one that has 
persisted on the southern coast of England 
since the middle of the Little Ice Age, and is 
distributed along the shores of nearly every 
continent, and island chains around the world 
(Herbert et al., 2016). 
 The objectives of the present project were 
to determine if Padina boryana has a 
preferential location along a transect from the 
shore to the dropoff, and how the respiration 
and photosynthesis life cycle of Padina boryana 
will change as the atmospheric CO2 continues 
to rise. I addressed the first objective by 
setting up three replicate transects. I 
addressed the second set of objectives by 
looking at the respiration and photosynthesis 
of Padina boryana under elevated thermal and 
ocean acidified conditions.   
   

METHODS 
 

 The University of California, Berkeley 
Gump Station is a research facility located in 
the South Pacific within the Society Islands, on 
the island of Moorea. This station has been 
hosting researchers year-round for more than 
25 years. The shores of Moorea are covered in 
Padina boryana, which grows in upper 
sublittoral zones, and is widely distributed 
within the Indo-West Pacific waters (Hanelt & 
Nultsch, 1994). This brown macro-algae can be 
easily identified by its concentric deposition of 
aragonite along its thallus (Okazaki et al., 
1986). Padina boryana is often referred to as 
“pig’s ear”, or “Ear-like” (Payri et al., 2000).  
The objectives of this project were addressed 
with a laboratory, and a field component. 
 

Study site 
 
 On the Island of Moorea within Cook’s 
Bay, three transects locations were selected 

along the shore (FIG. 1.). The shallow shores 
in front of the Gump station served as the 
collection site for the individuals used in the 
laboratory experiment. Thus, this was chosen 
as the main site of interest. The other two sites 
were chosen based on accessibility and 
approximate distance from the Gump Station, 
one to the North and to the South. 
 

Field study 
 
 Three transects from the shore to a 
distance of 29 meters were set up within 
Cook’s Bay. A transect tape was used to 
determine the distances from shore at the 29 
meter mark flagging tape and a buoy were 
floated on the surface of the water.  
 Starting from the shoreline, I snorkeled 
along the transect until an individual of one of 
the focal species was encountered (Padina 
boryana, Halimeda). Each time an individual 
was encountered, I measured their distance 
from shore, water depth, substrate type and 
approximate size. Also, I noted if any fish 
were observed consuming the focal individual 
and, when this occurred, the type of fish. I 
then continued swimming along the transect 
until I encountered the next focal individual, 
and then I repeated the above measurements. 
This process was continued until I had 
covered the full 29 meters. 

 
Laboratory study 

 
 Using a wet lab table, samples for each of 
the focal species (Padina boryana, & 
Halimeda) were assigned to control (ambient), 
OA, or a temperature treatment. The control 
(ambient) water reflected ambient pH and 
temperature conditions. The OA water was 
acquired from the LTER researchers and 

 
 FIG. 1.  Sites sampled in this study. 
Moorea, French Polynesia, a focused view of 
Cook’s Bay, and the three transect locations.  



placed into 1-liter bottles, which were sealed. 
The pH of the OA water is 7.7 and is at 1000 
micro atmospheres CO2. Individuals placed in 
the OA water were sealed with two Parafilm. 
The temperature treatments used the same 
water source at the control, the sealed 
chambers were then placed into containers 
(Either 1, 2, or 3) and the water within these 
containers was kept between 29.0 and 32.0, for 
the entirety of the experiment. The 
temperature treatments the trials, were held 
for an additional 15-20 minutes to allow for 
the water within the cups to equilibrate with 
the elevated surrounding temperature.  
 For each trial, there was one ambient light 
and one dark sample. The experiment then 
proceeds as follows: A single individual of a 
given species was placed within a standard 
sized chamber, filled to a standard volume. 
The dissolved oxygen of the seawater within 
the chamber is recorded, and then the 
chamber was sealed with Parafilm. The lid, 
which has a small opening just large enough 
for the end of the dissolved oxygen probe to 
be inserted, was then placed over the Parafilm 
to secure the chambers oxygen content as 
separate from that of its environment. The 
experiments were offset by a few minutes to 
allow for the sealed chambers to be placed 
within the table (ambient, or OA), or 
treatment containers (thermal elevation). The 
DO of each chamber was recorded after the six 
hour incubation, this was measured via a 
small slit was made in the Parafilm.  
 After the dissolved oxygen was recorded 
and the difference in DO was determined, the 
individual was removed, placed in a foil boat, 
and baked at 350 Degrees Fahrenheit for 24 
hours. After the samples were dried, they 
were weighted and disposed of. Table 1 shows 
the total number of usable data points. 

Statistical Analysis  
 
 For the field study the three transects were 
compared by determining if there was a trend 
between the distribution of Padina boryana 
and the distance from shore. This was done by 
binning the data by meter and comparing the 
number of individuals within each meter. All 
of the  transect data was entered into the 
statistical program R, where it was used to 
make Figure 2, which shows the distribution 
of both Halimeda and Padina boryana. 
 For the laboratory study, t tests were ran 
to compare the net photosynthesis data 
between the ambient and temperature 
treatments, and the ambient and OA 
treatments, this was done for both species. The 
statistical program R was used to analyze this 
data. The predetermined alpha value was 0.5. 
 

 
 

 

 
TABLE 1.  The numbers in this table reflect the number of data points collected for each species 

and for both treatments.  Information of greatest interest is in bold type. 
 

Treatment Species Ambient OA Temperature 

Light Padina boryana 41 14 31 
Dark Padina boryana 36 13 31 

Light Halimeda* 7 8 27 

Dark Halimeda* 7 8 27 
Light Control 3 2 6 
Dark Control 1 2 4 

  
Note:  Halimeda* is in reference to both Halimeda discoidea and Halimeda macrolaba, which were 
grouped together for all purposes of this project. 

 
  

FIG. 2.  The distribution of Padina boryana (P) and 
Halimeda (H). 



RESULTS 
 

Field study 
 
No correlation was seen between the 

distribution of Padina boryana and its distance 
from shore. It may be important to note that 
the south transect reached the drop off at a 
distance of 24 meters from shore, beyond this 
point it was assumed that there were no 
Padina boryana or Halimeda present since it was 
too deep.  

 
Laboratory study 

 
 Table 2 shows the R squared values and 
the P values. Based on the alpha value that 
was predetermined all of the results from the t 
tests are considered statistically significant 
except for the test comparing the net 
photosynthesis of the ambient and 
temperature treatments for the Halimeda 
species.  

 

DISCUSSION 
 

Study site 
 

 According to the Biocode there are two 
species of Padina on Moorea. These species are 
Padina boryana and Padina melemele. The Padina 
melemele was not observed in any portion of 
this study. The Padina boryana exists in two 
morphs on Moorea, the turf morph and the 
foliose morph.  Due to my own limits as a 
researcher I was unable to consistently 
identify the turf morph and had to remove it 
from my project. Many previous class papers 
misidentified the Padina they observed and 
studied. This is known based on the 
comprehensive Biocode database not having 
the species that were subject to these studies. 
  

 During our class trip to Tahiti I collected 
several samples of Padina from the shores near 
the Arahoho blowhole. I brought them back to 
the laboratory in an effort to determine if they 
would be distinguishably different from those 
seen on Moorea.  Images can be seen in 
Appendix A  
  

Field study 
 

 The transect data that was collected and 
presented, represent and interesting and 
perplexing question. The three transect which 
were all within the same bay, and had similar 
bottoms displayed three very different 
distributions. This could be a sign that these 
two organisms don’t have show preference to 
a certain distance from shore. It would be 
interesting to see if there is any trend that 
exists between these two species along the 
shore of Cook’s Bay.  
 

Laboratory study 
 

 The laboratory study shows a depression 
in net photosynthesis in both the species and 
both of the treatments. This is likely a product 
of an increase in respiration. Figure 3 shows 
the two species under each of the treatments.  
 Due to the challenges of comparing two 
individuals of different size and age it would 
have benefitted this study to have a more 
reliable light source. Due to the variability in 
weather I was only able to run one trial a day. 
The incubation of six hours made it quite 
challenging to collect a large number of data 
points. Having a constant light source would 
have benefitted this project in many ways. 
With a constant light source more trials could 
have been ran in a day. In order to standardize 
this the experiment was started at 0600, but 
with a light source this experiment could be 
started at any time. 
 Future studies on both of these macro 
algae could help to determine in changes in 
sea level and sea surface temperature change 
the distribution over longer time scales. It 
would also be interesting to compare the 
results from this study to those of the turf 
morph, which is also prevalent on the island 
of Moorea.  
  
 
 
 
 
 
 

TABLE 2.  The values from the T-test  
 

Species Amb/ Temp Amb/OA 

Padina boryana 
R2=0.3137 

P=1.236e-08 
R2=0.3399 

P=1.798e-06 

Halimeda* 
R2=0.07308   

P=0.1314 
R2=0.5823   

P=0.0005662 
   

 Note:  Halimeda* is in reference to both 
Halimeda discoidea and Halimeda macrolaba, which 
were grouped together for all purposes of this 
project. 



 
ACKNOWLEDGMENTS 

 
 I thank professor Stephanie Carlson for 
her guidance and support in starting a new 
project late in the semester, professor Vince 
Resh for believing in my science, professors 
Brent Mishler, and Jonathon Stillman for 
helping me to explore the many scientific 
wonders of Moorea. I thank the graduate 
student instructors Caleb Caswell-Levy, 
Suzanne Kelson and Audrey Haynes for 
countless hours of assistance. LTER: Jesse 
Bergman and Steve Doo for OA water. Annie 
K. Rosen, thank you, without your help none 
of this would have been possible. Thanks to 
Sachi Ihara, Sophie Babka, and Brent 
Humeston for various forms of assistance. I 
would also like to thank the Moorea Class of 
2017.  
 

LITERATURE CITED 
 
Comeau S. , Edmunds P. J. , Spindel N. 

B. , Carpenter R. C. , (2014), Fast coral reef 
calcifiers are more sensitive to ocean 
acidification in short-term laboratory 
incubations, Limnology and 
Oceanography, 59, doi: 
10.4319/lo.2014.59.3.1081. 

Diaz-Pulido, G., Anthony, K. R. N., Kline, D. 
I., Dove, S. and Hoegh-Guldberg, O. 
(2012), INTERACTIONS BETWEEN 
OCEAN ACIDIFICATION AND 
WARMING ON THE MORTALITY AND 
DISSOLUTION OF CORALLINE ALGAE1. 

Journal of Phycology, 48: 32–39. 
doi:10.1111/j.1529-8817.2011.01084.x 

Emerson, S & Hedges J. Chemical 
Oceanography and the Marine Carbon 
Cycle. Cambridge University Press, 2011.  

Hanelt, D., J. Li and W. Nultsch 1994 Tidal 
dependence of photoinhibition of 
photosynthesis in marine macrophytes of 
the South China Sea. Botanica Acta 
107(2):66-72 

Hatcher, B. G. 1988. Coral reef primary 
productivity: A beggar’s banquet.Trends in 
Ecology and Evolution 3:106–111. 

Herbert, Roger J. H., et al. “The calcareous 
brown alga Padina pavonica in southern 
Britain: population change and tenacity 
over 300 years.” Marine Biology, vol. 163, 
no. 3, Oct. 2016, doi:10.1007/s00227-015-
2805-7. 

Hoegh-Guldberg O, Mumby PJ, Hooten AJ et 
al. (2007) Coral reefs under rapid climate 
change and ocean 
acidification. Science, 318, 1737–1742. 

Intergovernmental Panel on Climate 
Change (2007) Climate Change 2007: 
Synthesis Report (Intergovernmental Panel 
on Climate Change, Valencia, Spain), 
pp 26–73. 

Kleypas JA, Langdon C (2006) Coral reefs and 
changing seawater chemistry. In: Coral 
Reefs and Climate Change: Science and 
Management. AGU Monograph Series, 
Coastal and Estuarine Studies, Vol 61, 
(eds PhinneyJT, Hoegh-
GuldbergO, KleypasJ, SkirvingW, Strong

 
FIG. 3.  The X Axis represents the three treatments. The Y Axis represents the Net Photosynthesis. The boxes 
show the inter quartile range. Horizontal lines within the boxes represent the median of the spread. While 
the vertical lines represent the minimum and maximum.  The dots represent data points that are outliers. 



A), pp. 73–110. Am. Geophys. Union, 
Washington, DC  

Kuffner I., Andersson A., et al. (2008) 
Decreased abundance of crustose coralline 
algae due to ocean acidification. Nature 
Geoscience, 114-117. doi:10.1038/ngeo100. 

Okazaki, M., Pentecost, A., Tanaka, Y., & 
Miyata, M. (1986). A study of calcium 
carbonate deposition in the 
genusPadina(Phaeophyceae, Dictyotales). 
British Phycological Journal, 21(2), 217–
224. 
https://doi.org/10.1080/000716186006502
51 

Payri, Claude, et al. “Biocode 
Database.” Biocode Database, 2008, 
biocode.berkeley.edu/. 

Payri, C., N'Yeurt, A.D.R. & Orempuller, J. 
(2000). Algae of French Polynesia. Algues de 
Polynésie française. pp. 320. Tahiti: Au Vent 
des Iles Editions. 

Payri, Claude (2000). “Algae.” Algae of Moorea, 
ucjeps.berkeley.edu/moorea/algae.html. 

Wilkinson C (2004) Status of Coral Reefs of the 
World: 2004 Summary. Australian Institute 
of Marine Science, Townsville, Australia. 

 

 
APPENDIX A

 
 

 
 IMG. 1.  This is a photograph of a couple Padina collected from beach near the Arahoho blowhole in 
Tahiti, French Polynesia. 

 
 IMG. 2. This is a microscope image of the Padina collected from beach near 
the Arahoho blowhole in Tahiti, French Polynesia.  


