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This science communication project entailed students and scientists translating their abstracts 
into articles that could be easily understood by the general public. Our approach was to provide 
science communication training, practice, peer-review, and a carrot: the opportunity to 
contribute to a resume-building article on science communication.  
 
Eight graduate students and early-career researchers from the Center for Microbial 
Oceanography: Research and Education (C-MORE) were recruited to participate. Each was 
asked to translate a recent science abstract into an ~800-1000 word article that would be 
accessible to non-specialists having some college education. Erin Loury, a science 
communication professional, peer-reviewed the translations and provided feedback to authors. 
 
This portfolio contains eight communication articles (in alphabetical order), with the associated 
abstract at the end of each article. We hope you enjoy reading these as much as we enjoyed 
creating them. If you have any questions or comments, please contact the article’s 
corresponding author (Elisha M. Wood-Charlson, elishawc@hawaii.edu).  
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Image caption (previous page): Colorful characters can help draw the reader into the story. This 
illustration, by the artist Jane A. D’Orto, portrays the diverse “personalities” of marine phytoplankton (from 
left to right): Fragilariopsis cylindrus (a “chilly” polar diatom preparing for the Antarctic winter), 
Protoperidinium divergens (a dinoflagellate with a hearty appetite), Prochlorococcus sp. (a 
cyanobacterium known for its numerous temperaments), Pseudo-nitzschia multiseries (an “evil” toxin-
producing diatom), Thalassiosira pseudonana (an “angelic” model diatom that tends to be a show-
stopper), and Emiliania huxleyi (a coccolithophore paying tribute to England as the White Cliffs of Dover 
were formed by these marine phytoplankton). 



The microbial thunderdome – competing for space in a changing (micro) world.     
Author: Lydia Baker, Graduate Student in Oceanography at UH Manoa 
 
Even though the thought might give you the creeps, bacteria are capable of conquering and 

colonizing nearly every environment on Earth. They clamor for a free nook on a grain of soil, 

race through both fresh and salt water in search of nutrients, and battle it out in bedrock miles 

underground, in acid mines, or in radioactive wastes. Bacteria may also colonize living surfaces 

– including you. These bacteria can be helpful and provide much needed nutrients, or they can 

make you sick. Both kinds of bacteria can live on the same organism at the same time, 

competing for valuable real estate as they prop-up or bring down their host. 

The complexities of this microbial thunderdome are starting to be understood as they play out 

on the surfaces of very important marine microorganisms, called diatoms. Diatoms are 

exquisite, glass-covered, plant-like, single-celled microbes that act like the trees of the ocean, 

converting carbon dioxide into sugars through photosynthesis. As miniscule as they are, 

diatoms can host their own colonies of even tinier bacteria, which can have a big effect on the 

diatom’s health. Bacteria can help the diatom absorb more nutrients to grow larger and 

healthier, or they can eat the diatom’s outside protective covering and cause the cell to dissolve 

and die. These interactions can be happening at the same time on the same cell, in a battle 

between the helpful and harmful bacteria for the survival of their host and themselves.  

A key feature of the surrounding environment that could influence the bacterial winners is the 

availability of nutrients and wheather the diatom population is growing. For example, diatoms 

that are not getting enough phosphorus, a vital nutrient for the construction of DNA, may not be 

able to support healthy colonies of bacteria. Such compromised interactions can lead to some 

bacteria detaching or dying, which opens up space for other bacteria to attach. Whether the 

diatom population is growing or declining can also change when a different bacterial community 

sets up shop, which in turn can result in the decline or death of the diatom.  

 

Explorations by myself and my advisor Paul Kemp the University of Hawai‘i, Mānoa looked at 

how interactions between different bacteria attached to a diatom and between bacteria and their 

diatom host changed. What would happen if they were given small or large amounts of nutrients 

as the diatom population went from growing quickly to declining? Until now, studies on how 

nutrient concentrations affect diatom-bacterial interactions have only used diatoms from 

seawater with lots of nutrients--mostly because diatoms are easier to grow in these conditions. 

My research on diatom-bacterial interactions uses diatoms from low-nutrient seawater, which 



makes up most of the world’s oceans, is the first of its kind. It will also be the first to examine 

whether bacterial populations change after the diatom population declines because of 

environmental factors, such as the amount of light and nutrients, as well as biological factors, 

such as the addition of a diatom-specific virus. Our goal was to identify which of these factors 

might tip the scales for the helpful bacteria to win over those that would destroy their host.  

 

To explore these questions, we isolated diatoms (Chaetoceros spp.) and their attached bacteria 

from Kaneohe Bay in Oahu, Hawaii. Some diatoms were grown with an overabundance of 

nutrients, while others were grown with very few nutrients (~100 times less). As the diatom 

populations grew and declined, we looked at how the diatoms used the nutrients over time. We 

started when the diatom population first started growing, followed it through phase of growing 

quickly, then slowly, and finally when the population started to decline. We even added a virus 

and tracked nutrient usage while the diatom population was being decimated by the virus. We 

also counted the number of bacteria on a diatom host cell using a microscope, and identified the 

type of bacteria present using DNA sequencing.  

 

From this intense experiment, we found that bacteria were always attached to diatoms: growing 

and declining, with and without nutrients, while they are healthy and in the presence of a virus. 

Throughout the experiment, a single type of bacteria (from the family Alteromonadaceae) was 

the most dominant kind of attached bacteria. Alteromonadaceae is a very diverse family that 

has both helpful and harmful bacteria (at least from a diatom’s perspective!). Potentially helpful 

bacteria we found were Marinobacter, which can provide vitamins and other essential nutrients 

for their diatom host. However, we also found potentially harmful bacteria called Alteromonas, 

which can eat a diatom’s organic covering and expose it to the elements, and eventually cause 

the diatom’s death.  

 

Although these two specific types made up the majority of the bacteria in our experiment, we 

also found many other bacteria attached to diatoms. The relative number of each kind of 

bacteria changed throughout the experiment, but not in a predictable way. The kind of bacteria 

living on a host cell can change drastically over the course of only a few days. What could 

cause this? Using statistics and computer modelling, we discovered that environmental 

conditions we thought might influence the type of bacteria attaching to diatoms—such as the 

presence of a virus—were probably not responsible for these changes. The changes in the 

attached bacteria were most likely caused by the nutrient concentrations and the growth and 



decline of the diatom population.  This means that future studies in low nutrient systems may 

provide different results. This also means that whether a diatom population is growing or 

declining can affect the type of bacteria that can colonize them. Using computer modelling, we 

also found that bacteria were interacting. The bacteria themselves could play a big role in 

determining which other bacteria can survive on diatoms through competing for space, 

sabotaging each other, and even fighting to the death. We are excited to look into these 

possibilities in our further research peering into the microbial thunderdome. 

 
Original Abstract: Presented at Ocean Sciences Meeting 2014, Honolulu, HI 
 
ARE DIATOM-BACTERIAL ASSOCIATIONS STABLE AND PREDICTABLE? 
Baker, L.J., Kemp, P.K. 
The strength and stability of diatom-bacterial interactions have long been hypothesized to be 
dependent on the health of the diatom, the availability of nutrients, and the diatom growth state. 
We explored changes in diatom-attached bacterial diversity as a diatom population experienced 
growth and decline in a Chaetoceros/bacteria/virus model system, in which nutrient 
concentrations were varied and a diatom-specific virus was employed to terminate diatom 
growth. A single bacterial taxon (Alteromonadaceae) dominated the bacterial community 
throughout the experiment. Although the estimated total bacteria per diatom did not correlate 
with nutrient concentrations or diatom life stage, less prevalent bacterial populations did appear 
to respond to these factors. We observed differences in the prevalence of the less dominant 
bacterial assemblages after the first four days, during declining diatom population growth, and 
following the addition of a diatom-specific virus. It appears likely that bacterial diversity on a host 
cell is not static, and that conditions such as the nutrient environment and host cell life stage 
also may be important in nature. 
 



Iron and Antarctic phytoplankton: A study of Beauty and the gooey Beast 

Author: Sara J. Bender, Postdoctoral Fellow at Woods Hole Oceanographic Institution 

 

Microscopic marine organisms, known as phytoplankton, help sustain the planet by producing 

oxygen through photosynthesis in a similar manner to plants on land. But, as the tiny drifters of 

the sea, phytoplankton are at the whim of ocean processes that include vigorous mixing, 

fluctuating light intensities, and water temperature extremes that can switch phytoplankton from 

frozen to fried in minutes. This tumultuous environment makes growth challenging because 

necessary nutrients may be here one day and gone the next. In these watery communities, 

phytoplankton neighbors are pitted against one another in a fight for a piece of the nutrient pie.  

 

To survive over time, marine phytoplankton have adjusted how they take up and process 

nutrients. These diverse metabolic strategies help determine the makeup of the phytoplankton 

community throughout the year. As the environment changes, such as water running from land 

delivers a tasty parcel of iron into the sea, a new neighbor may take over the spotlight from 

another prominent community member in a phenomenon known as species succession. 

  

As part of my research at the Woods Hole Oceanographic Institution, my colleagues and I were 

curious about how species succession plays out between two Antarctic phytoplankton 

neighbors: Chaetoceros sp. and Phaeocystis antarctica. Chaetoceros are a type of single-celled 

marine algae called diatoms, which are best known for their beautiful glass-like shells made of 

silica. In contrast, Phaeocystis are famous for their ability to transform from single-cells into 

massive, intricate colonies of sticky goo made from carbohydrates. While beautiful in their own 

right, these colonies often have a rotten egg smell caused by the production of organic sulfur. 

As neighbors in a diverse phytoplankton community in the Antarctic, Beauty (Chaetoceros) and 

the Beast (Phaeocystis) are occasionally put in competition with one another – the 

phytoplankton equivalent of an ultimate food-eating competition, minus the hot dogs and media 

attention. This fierce contest often revolves around iron, a delicious micronutrient that is scarce 

in the waters surrounding Antarctica, which may prevent phytoplankton from growing in 

otherwise hospitable ocean regions for much of the year.  

 

One process that may control iron availability in Antarctic waters is sea ice, which expands to a 

size greater than the entire continent of South America in winter, then contracts to roughly the 

size of Brazil in summer. When the majority of sea ice forms in the fall months, it sucks up iron 

from seawater like a sponge, storing it over the winter. At the beginning of the Antarctic spring, 



seasonal melting of the ice wrings out the iron, increasing the amount of iron in the surrounding 

seawater by up to one hundred times. Iron may also be delivered from sediments running off of 

land or from cold nutrient-rich water that is mixed up from the deep ocean. The iron influx is 

hypothesized to cause a massive increase in phytoplankton community members. This 

population explosion, called a bloom, begins with a handful of individual cells smaller than the 

width of a human hair, and rapidly turns into billions of individual cells. Blooms of Chaetoceros, 

Phaeocystis, and numerous other phytoplankton species can even be seen from satellites, 

painting the edge of the Antarctic continent with brown and green swirls for miles and miles.  

 

In studying the battle between Beauty (Chaetoceros) and the stinky Beast (Phaeocystis), my lab 

mates and I wanted to know who would clinch the ultimate-eating competition spotlight and why. 

We grew Chaetoceros and Phaeocystis separately in a 4o C incubator (to mimic frigid Antarctic 

temperatures) with a soup of nutrients and six different concentrations of iron (to mimic a variety 

of seawater iron levels). We then measured which of our contestants grew the fastest and which 

were the biggest. After months of careful culturing, we compared Beauty to the Beast and 

crowned a winner. 

 

While Chaetoceros grew much slower under low iron conditions, Phaeocystis grew the same 

under all the iron concentrations. Interestingly, in Phaeocystis, we observed a shift from the 

single-celled life-stage under low iron to the sticky colonies under higher iron concentrations. 

The low-iron cultures contained only single cells, while the high-iron cultures mainly contained 

colonies of multiple cells. An ESPN broadcast of this ultimate (iron) eating competition would 

likely crown the Beast Phaeocystis as the champion for its faster growth rates under low iron. 

And, given the elaborate colonies that formed under the higher iron conditions, Phaeocystis 

would probably earn more sponsorships by stealing the show from Beauty. 

 

But, what about the behind-the-camera action that broadcasts of ultimate-eating competitions 

do not always capture? Like any respectable panel of judges, we wanted to know about the 

hidden strategies Beauty and the Beast use to handle nutrients, and if any of these strategies 

gave them a competitive edge. Measuring how fast each contender grew allowed us to interpret 

how each type of phytoplankton dealt with iron availability. However, we were also interested in 

learning more from an individual cell’s perspective. What does extra iron mean to an individual 

cell? To answer this question, we turned to the proteins of the cells. Proteins carry out all critical 

processes in a cell, from growth to nutrient uptake, so looking at changes in the number of 

proteins in the cells of our “contestants” provides a first-hand plankton perspective of how they 



respond to their environment. Protein analyses essentially give us specifics on the secret 

strategies employed to win the nutrient-competition. 

 

To pull tiny proteins from tiny organisms, we first had to blast open the cells, then purify the 

proteins from other cellular bits, and finally, run the proteins through a mass spectrometer. Mass 

spectrometers are able to separate molecules based on their size and structure and are used in 

crime labs to identify fingerprint residues, on the Mars Curiosity Rover to look for signs of life on 

the red planet, and in our own oceanography lab to classify proteins. We were able to 

successfully collect and identify hundreds of Chaetoceros and Phaeocystis proteins. Lo and 

behold, Beauty and the Beast responded quite differently from each other at the protein-level.  

 

For both players, the number and type of proteins changed under different iron concentrations. 

Chaetoceros grown at low iron concentrations showed signs of stress, including a decreased 

ability to photosynthesize and build new proteins. While this response was not found in the 

Phaeocystis proteins, we did identify several proteins that may be involved in the Beast’s 

strategy to form colonies, which could also help it deal with different iron concentrations. Some 

of these proteins are similar in composition to the ones that glue marine mussels to rocks, 

docks, and boats. In Phaeocystis, these proteins might help the large, gooey colonies glom 

together or grab iron. Our newly discovered sticky connection between the microscopic Beast 

and a massive mussel (28,000 times its size!) represents an exciting new direction to explore.  

 

These intriguing proteins highlight different strategies used by Beauty and the Beast to acquire 

iron. But, while we may have crowned a champion phytoplankton in the laboratory, the fierce 

competition between Beauty and the Beast rages on in the ocean. Our next investigation will 

compare the protein pools of the silica Beauty (Chaetoceros) and the stinky Beast (Phaeocystis) 

in the waters of Antarctica, where additional members of the active phytoplankton community, 

including other glass-encased diatoms, hungry predators, and troublesome viruses, add to the 

intrigue and complexity of this environment. A sound understanding of phytoplankton 

competition for nutrient resources, first in the lab and then in nature, will allow us to assess the 

well-being of these magnificent organisms, the condition of the ecosystems that they call home, 

and the overall health and productivity of our most valuable resource, the oceans. 

 

 

 

 



Original Abstract: Presented at Gordon Research Conference, Marine Microbes 2012 
Antarctic phytoplankton exhibit intra- and inter- species metabolic differences in 
response to iron-limited growth  
Sara Bender, Dawn Moran, Matt McIlvin, Andrew Allen, and Mak Saito 
 
Seasonal sea ice melt in the Ross Sea, Antarctica delivers iron to the phytoplankton community 
at levels that exceed ambient seawater concentrations by two orders of magnitude. Spring iron 
delivery is hypothesized to increase phytoplankton growth. To date, little is known about the 
underlying metabolic mechanisms in Antarctic phytoplankton that govern bloom formation in 
response to iron. The transcriptomic and proteomic responses of four Antarctic phytoplankton 
species – two strains of the haptophyte, Phaeocystis antarctica, and two diatoms, Chaetoceros 
sp. and Nitzschia sp. – were compared under acclimated growth on six iron concentrations to 
assess intra- and inter-species strategies for growth. Both diatoms increased their growth rates 
as iron concentrations increased, and the two P. antarctica strains grew at similar rates 
independent of iron availability. Interestingly, P. antarctica cultures also exhibited a putative 
iron-dependent life-cycle transition; a greater abundance of P. antarctica multi-cellular colonies 
were observed under high iron, where as single-cells were more abundant at lower iron 
concentrations. Transcriptomes and proteomes collected from each culture and treatment 
revealed differing metabolic strategies for coping with a low iron environment within and across 
species. Putative biomarkers of iron stress were also identified and included, for example, 
flavodoxin and plastocyanin. Findings highlight intra- and inter- species differences in growth on 
low iron and provide evidence for the underlying metabolic differences that drive phytoplankton 
species succession in Antarctica. 
 



Polyphosphates, phytoplankton, and picky eating 
Author: Julia Diaz, Postdoctoral Fellow at Woods Hole Oceanographic Institution 
 
Deciding where to eat for lunch is a challenge when trying to please all the different taste buds 

in my family. As it turns out, some of the ocean’s smallest inhabitants, the phytoplankton, can be 

picky eaters too. “Phyto” means plant and “plankton” means drifter, so just as the name 

suggests, phytoplankton are drifting microscopic plants. My favorite type of phytoplankton are 

the diatoms. Diatoms are beautiful, single-celled organisms that live in glass shells. There are 

many different species of diatoms, and together they represent one of the most abundant 

groups of phytoplankton in the ocean. 

 

All life in the sea depends on diatoms and other types of phytoplankton. With energy from the 

sun, phytoplankton absorb carbon dioxide from the atmosphere and transform it into complex 

sugars and proteins that feed the entire ocean. As a result of this photosynthetic process, 

phytoplankton also make the oxygen that we breathe. Thus, phytoplankton play a vital role 

determining the health and diversity of all life on Earth, as well as influencing global climate by 

regulating carbon dioxide levels in the atmosphere. 

 

Phytoplankton don’t selflessly go around making the planet habitable for other life forms, 

however. They need to eat too. So where do phytoplankton get their nutrition? As a microbial 

oceanographer, that’s exactly the question I study. Think of the periodic table from your 

chemistry class – we phytoplankton scientists like to define nutrition in terms of individual 

chemical elements. For example, the element phosphorus is a nutrient required by all forms of 

life. We get it every day from the food we eat. Our bodies break the food down and incorporate 

the phosphorus into our bones, our DNA, and the structural constituents that make up our cells. 

 

As a group, phytoplankton, like people, can obtain phosphorus by eating all kinds of different 

foods. But also just like people, individual phytoplankton can be picky. Depending on the type of 

phosphorus being served in a particular patch of ocean, some types of phytoplankton may 

choose to live there and others may choose not to. For example, congealed fruit sounds like a 

delicious dessert to my grandma, but my little nephew refuses to eat it. That’s how all the kids 

get weeded out at Grandma’s favorite restaurant and why all her peers flock to it. The menu 

determines the clientele. According to some of my recent research, that’s exactly what happens 

with phytoplankton in the ocean too. 

 



Different parts of the ocean serve up different types of phosphorus. The yummiest type of 

phosphorus that all phytoplankton can agree on is phosphate. Phosphate is a simple molecule 

consisting of one phosphorus atom bound to four oxygen atoms. When a bunch of phosphate 

molecules join together, they form a new molecule called polyphosphate. My research has 

recently shown that, unlike phosphate, polyphosphate is not as delicious to all phytoplankton. In 

fact, they either love it or they hate it. Much like someone’s palette determines which restaurant 

he or she goes to for dinner, whether a species of phytoplankton loves or hates polyphosphate 

may determine which ocean region it lives in. 

 

I originally discovered this biopolar regard for polyphosphate among different phytoplankton 

species in the laboratory. Some days, I go to sea on research expeditions, but most days I’m in 

the lab experimenting with different phytoplankton species. When I discovered that 

phytoplankton were picky eaters, I was conducting an experiment where the only type of 

phosphorus I fed them was polyphosphate. After being fed, most species bloomed in a matter of 

days, turning the colorless seawater to a rich mahogany or vibrant chartreuse with their 

photosynthetic pigments. This result indicated that these species had an appetite for 

polyphosphate. However, the pallid appearance of two phytoplankton species indicated that 

they would not (or could not) eat polyphosphate like the others.  

 

 The species that refused polyphosphate are diatom “cousins”: Thalassiosira weissflogii and 

Thalassiosira pseudonana. However, my results also showed that another close relative, 

Thalassiosira oceanica, actually thrived on polyphosphate. T. pseudonana and T. weissflogii are 

from coastal environments where polyphosphate isn’t a main course on the menu. On the other 

hand, T. oceanica is from the Sargasso Sea, an open ocean zone with much higher 

polyphosphate levels. So you can see how different preferences for polyphosphate may 

determine where different diatoms turn up in the oceans, just like foodies may travel to Italy or 

France for the cuisine, or, on the flipside, just like vegetarians may avoid steakhouses. 

 

Although all phytoplankton make the world a hospitable place by manufacturing food and 

oxygen and regulating the global climate by absorbing atmospheric carbon dioxide, not all 

species do these things equally well. And that’s why we care about controversial nutrients like 

polyphosphate, because wherever the ocean serves it up, some phytoplankton may turn the 

other way and head for something tastier at the restaurant across town (or across oceans, as 



the case may be). In this way, polyphosphate helps determine the vitality and identity of marine 

phytoplankton communities that, in turn, support the life and climate of our planet. 

 

But the story doesn’t end there. According to my research, it turns out that many phytoplankton, 

including T. pseudonana, actually make their own polyphosphate with the help of an enzyme 

called VTC4. It may seem paradoxical that T. pseudonana cells can make polyphosphate on 

their own, but can’t eat it when I feed it to them. But, hypothetically speaking, these 

phytoplankton could be like a lactose intolerant mother. The mother can’t digest milk because 

she lacks the proper enzyme, but she is nonetheless capable of producing milk for her baby. 

Similarly, phytoplankton like T. pseudonana may lack the enzyme to digest polyphosphate, 

despite having the enzyme necessary to make it. It is thought that phytoplankton make 

polyphosphate in order to store phosphorus for “a rainy day.” For example, if phytoplankton 

can’t find any phosphorus in their surroundings, they will get it from their internal polyphosphate 

reserves, rather than starving. In my next project, I plan on figuring out how and why 

phytoplankton make polyphosphate. 

 
Original Abstract: Presented at Joint Aquatic Sciences Meeting 2014, Portland, OR 
 
PRODUCTION AND UTILIZATION OF POLYPHOSPHATE BY MARINE PHYTOPLANKTON 
Diaz, J. M., Dyhrman, S. T. 
Inorganic polyphosphate (polyP) plays a critical role in a wide range of cellular processes, form 
phosphorus storage to metal chelation. Despite the potential importance of polyP, relatively little 
is known about polyP cycling in eukaryotic marine phytoplankton. Using genome and 
transcriptome surveys, we show that a polyP polymerase is present in a wide range of taxa, 
which suggests conservation of polyP metabolism and also represents a target for future 
molecular characterization of polyP cycling in the ocean. Additionally, phytoplankton from 
different functional groups were screened for the ability to grow on a suite of polyP chain lengths 
as a sole P source. Organisms displayed a variable capacity to utilize exogenous polyP, 
suggesting that polyP may influence phytoplankton community composition in marine 
environments. 
 



More CO2 than they can use: Climate change might not help nitrogen-fixers fertilize 
Hawaiian waters 
Author: Mary Rose Gradoville, Graduate Student in Oceanography at Oregon State U 
 
Though nitrogen is the most abundant gas in our atmosphere, the scarcity of usable nitrogen 

slows the growth of plants and phytoplankton in most ecosystems on earth. This is because the 

major form of nitrogen in the atmosphere, called dinitrogen gas (N2), contains a triple bond 

between the nitrogen atoms that is very difficult to break. Plants and algae at the base of food 

chains depend on a special group of microorganisms, termed ‘nitrogen-fixers,’ that undertake 

the energetically expensive process of converting N2 gas into ammonia, a form of nitrogen that 

is easier to use. These N2-fixers act as natural fertilizers in water and on land and form a key 

link in the nitrogen cycle. Organic gardeners take advantage of this fertilization process by 

cultivating legumes, such as peas and lentils, which harbor N2-fixing bacteria within their roots. 

In the twentieth century, the invention of industrial N2 fixation led to an increase in global crop 

production, allowing the world’s farmland to support a larger human population.   

 

But in the blue open-ocean gyres that comprise the largest ecosystems on earth, microbes still 

turn the wheels of the nitrogen cycle. Here, the main N2-fixers are microscopic phytoplankton 

called cyanobacteria, which fuel N2 fixation using energy captured from photosynthesis, 

consuming carbon dioxide (CO2) and producing oxygen through the process. As global oceans 

absorb excess anthropogenic carbon emissions, the ocean’s chemistry is shifting through a 

process termed ocean acidification. This CO2 absorption makes seawater more corrosive for 

shelled organisms, but it also makes more CO2 available for marine photosynthesis. Since most 

cyanobacteria currently need to use energy to acquire and concentrate CO2, scientists have 

suggested that the increased availability of CO2 expected in coming centuries may allow 

cyanobacterial N2-fixers to be more efficient, leaving more energy available for growth and N2 

fixation. Therefore, ocean acidification could theoretically lead to increased N2 fixation rates in 

cyanobacteria, which could fertilize future oceans and increase the productivity of phytoplankton 

that remove CO2 from the atmosphere. In other words, scientists have proposed that N2-fixers 

could help the ocean consume human carbon emissions, partially offsetting atmospheric climate 

change. However, it turns out that this might not actually be the case for all N2-fixing 

communities.  

 

 

 



In the lab, certain species of a cyanobacterial 

N2-fixer called Trichodesmium (IMS101 and 

GBRLTRLI101, names for specific laboratory 

isolates) do increase carbon and N2-fixation 

rates when exposed to higher CO2 levels. 

However, myself and other researchers from 

Oregon State University and the University of 

Hawai‘i wondered whether natural 

populations would respond the same way as 

these cyanobacterial ‘lab-rats,’ and tested the 

effects of elevated CO2 levels on N2 fixation 

rates by Trichodesmium populations in the 

North Pacific Subtropical Gyre. We ran CO2-

manipulation experiments on the deck of a 

rocking ship, using natural Trichodesmium 

colonies collected during three research 

cruises to Station ALOHA, a field site about 

100 km north of the Hawaiian island of Oahu. 

Unlike many bacteria, Trichodesmium cells 

grow into filaments that attach to one another to form small colonies (~1 mm in diameter) that 

can be seen with the naked eye, resembling puffy spheres (“puffs”) or interwoven locks of hair 

(“tufts”) (Figure 1). For our experiments, we collected Trichodesmium by gently pulling a net 

through surface ocean waters. After recovering the net, we sorted through the gathered 

plankton and used a small loop to separate Trichodesmium colonies from other plankton in the 

water. Carefully, we transferred the delicate colonies to containers of filtered seawater 

containing different concentrations of CO2 and let them incubate in specialized chambers on the 

ship’s deck for ~12 hours. During this time, we measured carbon and N2 fixation rates through 

the uptake of labeled CO2 and N2 gas.  

 

Unlike previous laboratory studies, we found that elevating CO2 did not increase rates of carbon 

or N2 fixation by Trichodesmium colonies. Since these communities live in the ocean’s 

equivalent of a desert, we also tried stimulating Trichodesmium with additions of other essential 

nutrients that are naturally scarce in surface open-ocean waters (phosphate and iron), but found 

that even in these artificially high-nutrient conditions, the Trichodesmium community did not 
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Figure 1. (A) One Trichodesmium colony in a 
drop of seawater on a microscope slide. (B) 
Plankton gathered in a surface net tow, including 
two Trichodesmium puffs and other 
phytoplankton and zooplankton specimen. (C) 
Trichodesmium puff colony. (D) Trichodesmium 
tuft colony. Arrows in (A) and (C) point to one 
colony. 
	  



increase carbon or N2 fixation at elevated CO2 levels. Surprised at the seemingly contradictory 

results between our open ocean experiments and previous laboratory studies, we decided to 

drill down for a closer look at our study organisms on the molecular level. We sequenced four 

different genes from the Trichodesmium colonies, and the DNA sequences we generated 

revealed a complex community of Trichodesmium species and other associated 

microorganisms within the colonies. The most abundant Trichodesmium sequences from our 

samples were related to Trichodesmium H9-4, a species that, unlike IMS101 (the lab-rat of 

Trichodesmium), does not increase carbon and N2 fixation rates with elevated CO2 levels in the 

laboratory. But Trichodesmium were not alone: our sequences showed that many other types of 

microorganisms were inhabiting the colonies.  

 

Scientists have long known that Trichodesmium colonies are diversity hotspots, home to tiny 

villages of microorganisms and macroscopic plankton. However, we were surprised to discover 

that in our samples a large fraction of the associated organisms also had the capacity for N2 and 

carbon fixation, similar to Trichodesmium. Though we tried to target only Trichodesmium 

species in our study, we ended up measuring N2 and carbon fixation by the entire microbial 

consortium, and it was much more diverse than we had expected. We therefore concluded that 

elevated CO2 levels did not enhance the rates of carbon or N2 fixation by the Trichodesmium 

colony communities as a whole. 

 

Unfortunately, as with most things in life, there appears to be no simple answer when predicting 

how marine N2-fixing communities will respond to ocean acidification. While elevated CO2 levels 

stimulate some N2-fixers (e.g. Trichodesmium IMS101) in the laboratory, recent work by other 

research groups has demonstrated that this effect is only seen in certain species under certain 

nutrient conditions. We tested natural ocean samples and found that the Trichodesmium 

community at Station ALOHA was not stimulated by elevated CO2, even after a nutrient boost. 

We believe our results were driven by the dominant species and overall diversity we found 

within our environmental samples. This is because the response to CO2 additions was due to 

the combined activity of the Trichodesmium and their cohabitants, and our samples were 

dominated by a species (Trichodesmium H9-4) that is already using as much CO2 as it can. Our 

study suggests that before we can predict how N2 fixation might change in future oceans, we 

need to better understand the diversity of N2-fixing communities. Describing this diversity – both 

in terms of physiology and biogeography – will be key to predicting whether increasing CO2 

concentrations will help N2 fixers fertilize our oceans in the coming centuries.  
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DIVERSITY TRUMPS ACIDIFICATION: NO CO2 ENHANCEMENT OF N2 FIXATION BY THE 
TRICHODESMIUM COMMUNITY AT STATION ALOHA 
Gradoville, M.R.; White, A.E.; Böttjer, D.; Church, M.J.; Letelier, R.M. 
 
Several recent laboratory studies have shown that elevated pCO2 enhances N2 fixation by 
isolates of Trichodesmium and Crocosphaera, suggesting that future climate change may 
increase global N2 fixation rates. However, it is unclear whether the evidence for a pCO2 

enhancement of N2 fixation by laboratory isolates can be used to predict the response of diverse 
diazotrophic communities under natural environmental conditions. To address this problem, we 
conducted eleven independent CO2 manipulation experiments in the North Pacific using 
Trichodesmium colonies collected at Station ALOHA. Our results indicate that elevated pCO2 
has no significant effect on N2 or C fixation rates by Trichodesmium at Station ALOHA. At the 
time of our sampling, differences between pCO2 treatments were not modulated by phosphorus 
amendments, iron amendments, or shading. Molecular analyses of the colonies revealed a 
highly diverse community of Trichodesmium and other N2-fixing colony-associated organisms. 
We suggest that this diversity can explain the lack of an observed CO2 enhancement of N2 or C 
fixation rates, as different species are known to have different specific affinities for CO2.  
 



Better Together: An Ocean Love Story 
Author: Jason A. Hilton, Graduate Student in Oceanography at UC Santa Cruz 
 
In an area where two massive bodies of water combine, two ocean microbes join forces to thrive 

in the resulting mixed environment. Massive 

amounts of nutrient-filled freshwater 

constantly flow out of the Amazon River and 

collide with the salty Atlantic Ocean, which is 

so low in nutrients that it is often referred to 

as the 'desert of the ocean.' Like an all-you-

can-eat buffet, the Amazon nutrients satiate 

the appetite of the nutrient-starved microbes 

in the ocean. Larger microbes are able to 

soak up much of the nutrients near the river 

mouth, and quickly use that nourishment to replicate and grow in number. Smaller microbes are 

at a distinct disadvantage because they have less physical capacity to take up the nutrients, so 

they are not able to increase their populations as quickly. These organisms are pushed to the 

outer edge of the nutrient buffet, into waters that have already been picked through, and they 

must find ways to be more self-sufficient on the margins. 

One group of single-celled algae has done just that, and thrives in the outer edge of the nutrient 

buffet by housing cyanobacteria inside their cell walls, forming a symbiosis, or a long-term 

association between different organisms. Cyanobacteria are mostly photosynthetic and are 

thought to, billions of years ago, be the first oxygen producers, which drastically changed the 

Earth's atmosphere, creating the environment suitable for life as we know it today. The algae, 

however, are not interested in cyanobacteria for photosynthesis, but instead because they 

supply nitrogen. These particular cyanobacteria have the rare ability to convert, or fix, the 

atmospheric form of nitrogen, N2 gas, into a form that can be utilized in biological pathways. The 

algae benefit by receiving some of this nitrogen from the cyanobacteria. Thus, the algae can sit 

back and live off their cyanobacterial partners and the nutrient buffet leftovers, rather than fight 

larger microbes for nutrition near the river output. This survival strategy proves to be quite 

successful, as the symbioses can be especially abundant in the outer edge of the Amazon River 

buffet, and are found in tropical and subtropical oceanic waters around the globe. These 

symbioses are of much scientific interest because of their prominence in the oceans, as well as 

their recently found connection to a carbon cycle that could help buffer our planet from the 



effects of global climate change. However, very little is known about these unique associations 

other than the nitrogen exchange. 

To uncover the secrets to this couple's successful relationship, we set out to investigate the 

partner-to-partner interactions further. We analyzed RNA of the cyanobacteria living with algae 

in the mixing waters of the Amazon River and the Atlantic Ocean. RNA is the active genetic 

material that directs the production of proteins needed for different cellular functions. Thus, the 

amount of RNA produced is related to the amount of activity of particular processes, and can 

help identify which processes are vital to this relationship beyond nitrogen sharing. 

We found that RNA involved in nitrogen fixation was very abundant, highlighting the importance 

of nitrogen in the symbioses, as we expected. We also expected the observed high abundance 

of RNA involved in photosynthesis, because cyanobacteria are essentially microscopic plants, 

and photosynthesis is the fundamental process that plants use to turn the sun's energy into 

sugars while also producing oxygen. However, once we dug a little deeper, the abundance of 

RNA associated with photosynthesis was not what it seemed. 

Photosynthesis can be broken down into several individual processes, which depend on various 

proteins. The light-capturing, oxygen-producing process is the first and typically the most active 

pathway in photosynthesis, and the RNA responsible for proteins in this process is usually the 

most abundant. However, we observed little RNA associated with this primary pathway of 

photosynthesis in the symbiotic cyanobacteria. Most photosynthesis RNA was instead related to 

proteins involved in the stages after the primary pathway. These proteins cannot perform 

photosynthesis without the activity of the primary pathway, but they are still able to generate 

energy for the cyanobacteria. The cyanobacteria likely use this energy for nitrogen fixation to 

keep their algal partners happy and healthy with ample nitrogen. Instead of performing 

photosynthesis, the cyanobacteria are essentially rerouting their energy pathways to focus on 

nitrogen fixation. This drastic alteration to photosynthesis, one of the most central cellular 

processes, shows an incredible synchronicity between the two partners, and this sacrifice by the 

cyanobacteria is likely what makes the relationships so successful in the environment. 

We have seen that symbiosis can be a successful strategy at the margins of the Amazon 

nutrient buffet. Now, with a better understanding of the mechanisms of this strategy, we can 

start to connect such symbioses from this region, and in all oceans, to carbon cycling and other 

global processes. At the organism level, the revelations from the Amazon River plume indicate 

that these particular cyanobacteria have become symbionts specialized in supplying nitrogen. 



This cyanobacteria-algal partnership likely formed millions of years ago. They have evolved 

together and are now efficient, well-oiled, N2-fixing machines that are able to dominate a unique 

environment. 
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Free-living and symbiotic N2-fixing cyanobacteria transcription profiles in the Amazon 
River Plume 
Jason A. Hilton, Brandon M. Satinsky, Byron Crump, Mary Doherty, Rachel A. Foster, John 
Paul, H. James Tripp, Tracy A. Villareal, Jonathan P. Zehr, Mary Ann Moran 
  
Nitrogen fixation is an important source of nitrogen for oceanic waters. The Amazon River 
brings nutrient-rich freshwater into the oligotrophic Atlantic Ocean, supporting diverse microbial 
communities, that include populations of nitrogen-fixing cyanobacteria. Free-living 
Trichodesmium and diatom-associated Richelia are often present and abundant. The Amazon 
plume waters were sampled for metagenomic and metatranscriptomic analysis, and analyzed 
for diazotrophic cyanobacteria transcripts in order to compare their gene expression profiles. 
Trichodesmium and Richelia transcripts were at higher abundances at the stations further away 
from the mouth of the river, yet still within in the plume. Among the differences between the 
organisms, we found Richelia nitrogen fixation transcripts to be relatively higher, but carbon 
fixation and photosynthesis transcripts lower than those of Trichodesmium. Interestingly we also 
found a high abundance of a short transcript that was identified as an anti-sense RNA transcript 
with high similarity to an NADH dehydrogenase subunit of Richelia, symbiont of Hemiaulus sp., 
suggesting a possible regulation mechanism. This data set offers a unique comparative analysis 
of diazotrophic activity and highlights the roles of key organisms in oceanic nutrient cycling. 
 
This research has been published in ISME J (doi:10.1038/ismej.2014.240) 

http://www.nature.com/ismej/journal/vaop/ncurrent/abs/ismej2014240a.html


Antarctica’s tiniest predators  
Author: Jaclyn A Mueller, Graduate Student in Oceanography at UH Manoa 
 
Imagine winter in Antarctica, the cold and quiet waters dark as night below a thick layer 

of winter sea ice, where living things are few and far between. Microscopic algae called 

phytoplankton, which represent the base of the entire food web in the Antarctic, drift in a 

so-called state of hibernation, unable to produce any food without the sun. Also lurking in 

the blackness are viruses, tiny predators capable of infecting and destroying the 

phytoplankton, that for now lie stagnant in the water column - suspended in a sea of 

darkness.  

  

Then comes the summertime…  

 

The austral summer in the Antarctic occurs during the months of December through 

February. After a long, extremely cold and harsh winter, the sun finally returns, bringing 

the Southern Ocean back to life. During this time, sunlight can penetrate the upper layer 

of the ocean for 24 hours a day. These gently warmed surface waters and plentiful sun 

creates an ideal environment for phytoplankton to bloom in massive numbers – along 

with the tiniest predators that infect them. 

 

Phytoplankton use sunlight and carbon dioxide to make their own food through the 

process of photosynthesis. During the austral summer, they thrive in large communities, 

which creates a perfect breeding ground for tiny predators. Viruses are extremely small; 

yet infect nearly every living organism on the planet. Marine viruses escape inside their 

hosts for both protection and survival during these high levels of sunlight, because solar 

radiation can damage the viruses and can cause them to decay before they can 

reproduce. Viruses are capable of infecting and killing phytoplankton cells, much like 

viruses that infect human cells. RNA viruses, which contain RNA as their genetic 

material, commonly infect phytoplankton, causing lysis, or breaking down, of these host 

cells. When an RNA virus infects a phytoplankton, it takes over the cell’s machinery to 

produce thousands of copies of itself, until the cell is so jam-packed with viruses it lyses, 

or explodes, and releases the new virus into the water.  

 

Viruses are typically very specific and only infect one type or a few kinds of hosts, which 

can change phytoplankton community dynamics. Increases in phytoplankton numbers 



during the peak of the bloom increases the potential for contact between viruses and 

their hosts. Contact with a specific host is all a virus needs to initiate infection and 

replication, causing virus production to skyrocket. This mass infection results in a major 

“die off” of those particular phytoplankton hosts, and a new group of phytoplankton will 

likely take over. We continuously see these boom-and-bust cycles of different 

phytoplankton in the Antarctic, with a seasonal succession from diatoms in the early 

spring to flagellates in the late summer. Diatoms are a group of phytoplankton that 

contain an ornate glass-like silica shell with no mobility, while flagellates have limited 

mobility due to their flagella, allowing them to move up and down the water column in 

search of nutrients and sunlight. However, no one to date has looked specifically at the 

influence the RNA virus community could have on these phytoplankton transitions. 

 

In 2010, the Marine Viral Ecology Lab (MarVEL) at the University of Hawai‘i at Mānoa 

sought to change this. Dr. Grieg Steward and a research team of viral ecologists headed 

down to Palmer Station, Antarctica, throughout the summer bloom of phytoplankton from 

November 2010 – April 2011. Even in the summertime, sea and air temperatures only 

reach 1-2°C, requiring the team to wear bright orange inflatable and insulated suits to 

protect us from the cold – and from an accidental “man overboard” while sampling. 

Pending weather conditions, we sampled seawater twice a week with 1.5 gallon bottles 

that we lowered with a hand-cranked winch from the side of an inflatable raft.  

 

As predicted, we found that viruses were extremely abundant, reaching numbers as high 

as tens of millions per teaspoon of seawater (equivalent to ~20 gallon milk jugs full of 

sand!). In order to count only the small RNA viruses in the community, which are too 

small to see with standard microscopes, we had to count their genomes. These 

phytoplankton infectors represented up to 68% of the total viruses in Antarctic seawater, 

indicating a new phenomenon in Antarctic marine viral ecology!  

 

RNA viruses likely play a major role in controlling the phytoplankton communities in 

these regions. Phytoplankton are the base of the food web, supporting nearly all of the 

larger animals in the Antarctic. Diatoms in particular are important food for krill, the tiny, 

pink, shrimp-like organisms that in turn are the major food source for penguins, seals, 

and whales. Therefore, if viruses play a major role in the plankton life cycle, we need to 

learn more about these tiny, infectious predators. We now are trying to identify which 



phytoplankton hosts these important RNA viruses infect and how the boom and bust 

dynamics between virus and host may impact the entire phytoplankton community. With 

a rapidly changing climate in the Antarctic, the impacts of the virus community on 

phytoplankton may also change, so the more we understand about these interactions, 

the better. Declines in phytoplankton could put the entire ecosystem of the Antarctic at 

risk, and viruses may be the major player in control of this delicate balance. 

 
Original Abstract: Presented at Ocean Sciences Meeting 2014, Honolulu, HI 
 
TRACKING PHYTOPLANKTON-INFECTING RNA VIRAL ABUNDANCE ALONG THE 
ANTARCTIC PENINSULA 
J.A. Mueller, A.I. Culley, G.F. Steward 
 
Recent data suggest that RNA viruses may be more abundant in seawater than 
previously appreciated, and they are a likely an important source of mortality for 
eukaryotic phytoplankton. In this study, we investigated the diversity of RNA virus 
communities along the Antarctic Peninsula using a metagenomic approach and found 
that most polar RNA viruses have positive-sense, single-stranded RNA (+ssRNA) 
genomes most closely related to eukaryote-infecting viruses in the order Picornavirales. 
We were able to assemble novel RNA viral genomes and RNA-dependent RNA 
polymerase genes from which we designed primers to track the abundance of these 
dominant phylotypes through quantitative PCR. One of the dominant virus phylotypes 
appears to represent up to 46% of the RNA viral community, based on reads recruited to 
this genome. This study allows us to determine the temporal variability in abundance of 
these viruses relative to their predicted hosts and provide insight to the contribution of 
viruses to phytoplankton mortality in this system.  
 



Effects of climate change stressors on sea urchin babies 
Author: Jacqueline Padilla-Gamino, Assistant Professor at Cal State Univ, Dominguez 
Hills 
 
Sea urchins – small, spiny creatures that live in oceans all over the world – have many different 

colors (purple, blue, red, and green) but all have round shells covered with spines. These hard 

shells are made primarily of calcium carbonate. In many countries, sea urchins are commonly 

eaten, and are considered a delicacy in some cuisines. Sea urchins also play a key role in 

several marine environments. As grazers, they can control the abundance of many species of 

seaweeds, which influences the ecology of organisms that depend on these seaweeds. 

Recently, scientists discovered that young urchins (called larvae) do not grow as much when they 

are exposed to water with high concentrations of carbon dioxide (CO2). This has important 

implications for larval survival, since smaller individuals can be more easily preyed upon, and also 

have lower feeding rates because their bodies have less surface area. Sea urchin larvae look like 

little pyramids with two extended arms and feed by capturing particles using ciliated bands (“little 

hairs”) surrounding their bodies. So, the smaller the larva, the fewer bands of hairs it has for 

feeding. 

But how can CO2 in the environment affect the growth of sea urchin babies (larvae)? 

Heat-trapping (greenhouse) gases like CO2 have been added to the atmosphere by burning fossil 

fuels and this has caused the atmosphere and oceans to warm. In addition, CO2 can also enter to 

the ocean, which causes a series of chemical reactions that can lead to waters becoming more 

acidic. This is a problem, especially for animals like urchins that build shells or skeletons out of 

calcium carbonate, because they depend on a particular balance of water chemistry. Acidic 

waters have less calcium carbonate minerals, which are the building blocks for shell and skeleton 

production. 

 

Both, higher temperatures and ocean acidification can impact organisms in many ways. 

Currently, we do not have a good understanding of how organisms will adapt to the future ocean. 

How will multiple stressors (warming and ocean acidification) interact? How might that interaction 

affect how sea urchin larvae function and survive in their new surroundings? While experiments 

might look at only a single stressor (e.g. temperature or acidification alone), interactions between 

multiple stressors could influence the physiological effects of one or the other stressors. 

Conducting experiments that incorporate multiple stressors are important to better understand 

conditions that organisms like urchins will experience in the ocean. 



 

For my research, I explored how temperature and ocean acidification affect the physiology and 

development of purple sea urchin larvae. I wanted to know how much extra energy urchins had to 

expend in order to tolerate high temperatures and CO2 levels. I decided to focus on urchin babies 

because earlier life stages of marine organisms have been shown to be more vulnerable to the 

effects of ocean acidification. In order to get urchin babies, I encouraged adult urchins to release 

eggs and sperm and then fertilized the eggs in vitro (very similar to human fertility treatments). 

 

My research discovered that larvae exposed to water with high CO2 levels (more acidic) had less 

shell growth. This was regardless of whether the elevated CO2 was accompanied by an increase 

in temperature or not, which means that ocean acidification is the major driver for differences in 

skeletal growth. However, metabolism in sea urchin babies drastically changed when both 

stressors were present. We found a decrease in metabolism for sea urchin babies grown at high 

temperatures in acidic water (high CO2). Lower metabolic rates may allow larvae to tolerate 

stress in the short-term, but this only provides temporary protection. In the long term, metabolic 

depression could have important consequences for growth and development because these 

urchins are essentially in the process of shutting down. These findings are very important 

because they show how multiple stressors can interact (or not) to affect the health of an 

organism. Just like when we go to the doctor and get multiple tests checked to get a snapshot of 

how well our body is functioning. 

Information about the overall health of an urchin is very useful. We can use it to predict how they 

may respond under different climate change scenarios, and in turn, how marine communities will 

be affected. Sea urchins, as well as other marine organisms with exoskeletons, not only play 

important ecological roles (ex: grazers), but they are also economically important. Many people 

worldwide depend on them for their livelihood. Thus, it is critical that we continue these studies to 

understand how urchins and other different marine species might adapt to a changing ocean.  
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Temperature and CO2 additively regulate physiology, morphology and genomic responses 
of larval sea urchins, Strongylocentrotus purpuratus.  
Jacqueline L. Padilla-Gamiño, Morgan W. Kelly, Tyler G. Evans and Gretchen E. Hofmann 
 
Ocean warming and ocean acidification, both consequences of anthropogenic production of CO2, 
will combine to influence the physiological performance of many species in the marine 
environment. In this study, we used an integrative approach to forecast the impact of future ocean 
conditions on larval purple sea urchins (Strongylocentrotus purpuratus) from the northeast Pacific 
Ocean. In laboratory experiments that simulated ocean warming and ocean acidification, we 
examined larval development, skeletal growth, metabolism and patterns of gene expression using 
an orthogonal comparison of two temperature (13°C and 18°C) and pCO2 (400 and 1100 µatm) 
conditions. Simultaneous exposure to increased temperature and pCO2 significantly reduced 
larval metabolism and triggered a widespread down regulation of histone encoding genes. pCO2 
but not temperature impaired skeletal growth and reduced the expression of a major spicule 
matrix protein, suggesting that skeletal growth will not be further inhibited by ocean warming. 
Importantly, shifts in skeletal growth were not associated with developmental delay. Collectively, 
our results indicate that global change variables will have additive effects that exceed thresholds 
for optimized physiological performance in this keystone marine species. 
 



The sea and a cup of tea. 
Author: Donn Viviani, Graduate Student in Oceanography at UH Manoa 

What do cups of tea have to do with oceanographic research? The answer lies in the food web. 

Land food webs are based on plants, which use the process of photosynthesis to turn carbon 

dioxide (CO2) from the air into organic plant material, like roots or leaves. In the oceans, single-

celled organisms called phytoplankton perform most of the photosynthesis. Unlike terrestrial 

plants, however, phytoplankton don’t really make large specialized structures like leaves. 

Phytoplankton use photosynthesis to produce two kinds of organic material: particulate material 

(essentially, more phytoplankton cells through reproduction), and dissolved material, or high-

energy organic compounds that end up floating in seawater, similar to the sugar in soda or the 

tea in, well, tea.  

 

This dissolved material is too small for most organisms within the food web to eat (fish can’t 

drink seawater like we drink soda!), except for the bacteria that live in the ocean. These bacteria 

consume the dissolved high-energy carbon and “exhale” it as CO2, just like we do. As 

oceanographers, we were curious about how much of the ocean’s photosynthesis ends up in 

the “dissolved” category because we want to know how much particulate material is available to 

power the food web and how much is dissolved and only available to bacteria. We also wanted 

to know if seasons were as important for phytoplankton growth as they are to land plant growth. 

We expected these processes to have a strong seasonal signal, and we were quite surprised to 

discover that they did not!       

You might wonder how all that dissolved material gets out of phytoplankton cells in the first 

place. It may help to think of terrestrial plants as a Lego set, where new pieces are added by 

using carbon and energy from photosynthesis, and animals can remove these pieces through 

grazing. However, things are much messier in the ocean, which brings us back to our cup of 

tea. Tea is created when compounds like tannins leach out of particulate material (tea leaves) 

and into the surrounding hot water as dissolved material. Phytoplankton are the leaves in a tea 

bag: they produce particulate and dissolved material through photosynthesis, and the dissolved 

material is released into the seawater. Phytoplankton also "donate” their sun-made energy to 

the food chain when their predators (little aquatic grazers that can range in size from single cells 

to shrimp-like krill) munch them up. These grazers are typically not tidy eaters – think of a baby 

with food smeared all over his mouth. Oceanographers call this “sloppy feeding”, where the 

particulate material that doesn’t make it into the grazer’s body becomes dissolved material. If we 

don’t know how much of this high-energy carbon is turned into particulate versus dissolved 



material, we don’t know how much particulate material is available for the food chain and how 

much dissolved material is left floating in the ocean.    

Small oceanic grazers with horrible table manners can catch and eat phytoplankton (and their 

associated carbon) as easily as we pick up a teacup, but they are too large to simply drink the 

“tea”, that high-energy dissolved material. However, the millions of bacteria living in every drop 

of seawater are just the right size to scoop up this dissolved material. Once inside bacterial 

cells, it is big enough for grazers to catch and eat. This is a benefit to bigger animals because 

the dissolved material, which they can’t “eat”, has re-entered the food web. Ultimately, dissolved 

material can even end up on your dinner plate because fish eat the little grazers that feed on 

bacteria.  

It’s important to know how much particulate versus dissolved material phytoplankton produce 

because these two forms of carbon take different pathways through the food web. Energy and 

carbon move up the food web from phytoplankton cells (particulate material) to grazers, to fish 

much more efficiently than when they pass from phytoplankton to dissolved material, to 

bacteria, to grazers, to fish. The food web loses some carbon and energy at every step, 

because of processes like exhaling CO2. Not only are there more steps in the dissolved material 

food chain, bacteria are also not very efficient. They quickly use up most of the dissolved high-

energy carbon and release it back into the environment as CO2, Bacteria really influence how 

carbon in the ocean fluctuates between gaseous CO2 and living material!  

If seasons are really important for terrestrial plants, why shouldn’t production of particulate 

material by phytoplankton be determined by the seasons? For example, American Northeastern 

forests are green in summer, red and yellow in fall, and brown bare trunks in winter. As 

oceanographers, we expect ocean particulate material (i.e. number of phytoplankton cells) 

production to also follow seasonal patterns. Multiple oceanic studies have witnessed particulate 

photosynthetic production increasing in spring and/or summer, and decreasing in winter, similar 

to the way plants bloom and die back on land. And, in the North Pacific Subtropical Gyre 

(NPSG, a huge ocean ecosystem more than twice the size of the United States, stretching from 

just north of the Equator to the latitude of mid-California), the Hawaii Ocean Time-series (HOT) 

program’s 25-year record of phytoplankton particulate material production shows clear seasonal 

patterns. Seasonal production of dissolved material (the tea released into the sea) was less well 

understood, but we expected it to also be seasonal. 



I spent years traveling to the HOT program site in the NPSG sixty miles north of Honolulu, 

navigating seas that ranged from smooth as glass to violent and vomit inducing. I got up before 

dawn to fill bottles with seawater and put the bottles back into the ocean on floating buoys, to be 

re-collected after sunset. Those precious samples were carefully processed to answer some of 

my questions. As we expected, phytoplankton produce more particulate material in summer 

than in winter. However, dissolved material (~1/4 of the total material produced) and growth of 

bacteria showed no seasonal pattern, which was surprising. We expected the release of 

dissolved material and growth of the ocean’s bacteria to grow in concert with the phytoplankton 

that make up the base of the food web.. We now have a new and exciting mystery on our 

hands: why doesn’t dissolved material production appear to change seasonally, like particulate 

material production does? I better fix myself a cup of tea and get right to work! 

 
Original Abstract: Presented at Ocean Sciences Meeting 2014, Honolulu, HI 

DISSOLVED ORGANIC MATTER PRODUCTION AND MICROBIAL GROWTH AT STATION 
ALOHA  
Donn A. Viviani, Matthew J. Church  
 
Oceans are estimated to be responsible for up to half of global primary production. Much of our 
understanding of temporal variability in ocean biogeochemical cycling comes from ongoing time-
series observations, including the Hawaii Ocean Time-series (HOT). Twenty-five years of 
carbon fixation measurements, assessed by 14C bicarbonate assimilation, have provided 
improved understanding of carbon cycling in the North Pacific Subtropical Gyre. This 
presentation will describe 5 years of near-monthly measurements of rates of particulate and 
dissolved primary production at this time-series site, providing new insight into seasonal 
variability associated with primary production. Over the time series, dissolved productivity 
averaged approximately 25% of total (dissolved+particulate) production. Despite a well-resolved 
seasonal pattern in particulate production, dissolved productivity did not demonstrate the same 
seasonality. Coincident measurements of heterotrophic bacterial production suggested that 
bacterial production did not temporally co-vary with changes in primary production. These 
results highlight the complexity of processes likely contributing to production and consumption 
of dissolved organic matter in this habitat.  
 




