Shore Stewards News Autumn 2019
Zooming in on Marine Microorganisms
This is a two-part series on microorganisms. The first article examines five
different types of marine microorganisms and the ways in which they influence
the world in which we live. In the second article we'll explore how human activity
impacts marine microorganisms and learn what Shore Stewards can do.

By Jerilyn Ritzman, WSU Extension Island County Shore Stewards Program
Coordinator.

Diatoms present a gorgeous sight under the microscope with their transparent cell walls of glassy silica.
They also help make life possible for the rest of us, producing 20% of the world’s oxygen, more than all
terrestrial rainforests combined. Image Credit: Prof. Gordon T. Taylor, Stony Brook University, NSF Polar
Programs / Public Domain. NOAA Photo Library (link).

Introduction
Puget Sound is home to many beloved marine animals you might be familiar
with, from orca and humpback whales to otters, salmon, and the giant Pacific
octopus. Just this short list alone covers many diverse body types and lifestyles,
but these animals all have one thing in common: they’re fairly large. On the
other end of the size spectrum, however, is another set of incredibly diverse
organisms that are just as critical to Puget Sound and have much to tell us
about the health of their marine environments.

Marine microorganisms make up the foundation of the marine food web,

produce much of the oxygen we breathe, and play significant roles in the global
cycles of carbon and nitrogen. Despite this, they go largely unnoticed by most
humans (most of the time) and much less is known about them than many
larger creatures. This first part of a two-part series will highlight five common
types of marine microorganisms, describe some of their unique characteristics,
and attempt to illustrate how these species, although largely invisible to the
naked eye, have collectively helped shape the world as we know it. The
following issue will address how human influence is impacting marine
microorganisms and what this might mean for Puget Sound and our own future.

Five Prominent Types of Marine Microorganisms
Coccolithophores
If you’ve ever visited or seen images of the White Cliffs of Dover along the
southern coast of the United Kingdom, you can begin to appreciate the
influence that marine microorganisms have on the world. The white, chalky cliffs
are made predominantly from the dried out “skeletons” of coccolithophores,
which accumulated when the area was submerged under a shallow sea about
70 million years ago. In some places, the chalk (originally mud) accumulated up
to 500 meters deep, made up of organisms each less than a millimeter across!

The White Cliffs of Dover provide a
striking example of how marine
microorganisms can have profound
effects on their environments. The
cliffs are made of chalk that was
originally the shells of microscopic
coccolithophores. Image Credit:
Immanuel Giel / CC-BY-SA-3.0.

Wikimedia Commons (link).

Coccolithophores build protective
shells around themselves out of
calcium carbonate coccoliths, which
look like microscopic shields. These
plates can reflect light and give
coccolithophore blooms a turquoise
tint in water. Image Credit: Alison R.
Taylor (University of North Carolina
Wilmington Microscopy Facility) /
CC-BY-2.5. Wikimedia Commons
(link).
Coccolithophores are a type of phytoplankton – free-floating aquatic
photosynthetic organisms. Each coccolithophore is a single cell, but they build
beautifully intricate protective shells around themselves out of tiny plates of
calcium carbonate, called coccoliths. These coccoliths are what accumulated
on the prehistoric ocean floor to make the chalk of the White Cliffs of Dover.
This process is still going on around the world today to such a great degree, in
fact, that sinking coccoliths account for 50% of the world’s inorganic carbon
pump – removing carbon from surface waters and sequestering it in deeper
waters or the ocean floor. In this way, the lifecycle of coccolithophores forms
one part of the global carbon cycle, which can, in turn, influence the trajectory of
future climates.

Diatoms
Like coccolithophores, diatoms are also single-celled algae – photosynthetic
aquatic organisms that structurally differ from plants – and make up another
major subgroup of phytoplankton. Diatoms are one of the most species-rich
groups of all eukaryotes (plants, animals, fungi, and protists) with an estimated
100,000 to 200,000 species. Diatoms can be identified under the microscope by
their beautiful cell walls made of transparent, glassy silica. Also like
coccolithophores, these shells sink to the bottom of the ocean after death. This
process sometimes creates large formations of powdery “diatomaceous earth”.
Diatomaceous earth has a wide variety of uses, including water filtration,
cleaning up toxic spills (due to its high absorbency), and as an insecticide.

Diatoms come in a variety of shapes
and sizes, with an estimated 100,000
to 200,000 species. Image Credit:
User:Wipeter / Wikimedia Commons
/ CC-BY-SA-3.0 / GFDL / Free Art
License.

Back in the ocean, diatoms are prolific photosynthesizers, providing 20% of the
world’s oxygen each year, more than all the world’s rainforests combined. As
such, they are a significant component of many of Earth’s climate systems.
They account for 40% of marine primary production (organic matter created
through photo- or chemosynthesis) due to their high growth rate and the fact

that every diatom cell can photosynthesize, unlike, for example, most cells in
trees. They form the foundation of the food web of many marine ecosystems.

Cyanobacteria (“Blue-Green Algae”)
Cyanobacteria – also known as “blue-green algae” – are the oldest member of
this group by far. Not only that, they’re one of the oldest forms of life on Earth
that we know of, with fossils nearly 3.5 billion years old! It’s believed that
cyanobacteria were the first organisms to develop photosynthesis: the process
through which sunlight is used to convert carbon dioxide and water into sugar
and oxygen. We owe our current atmosphere to the hard work of cyanobacteria
billions of years ago, who transformed it from one consisting primarily of carbon
dioxide, ammonia, and methane into one with sufficient oxygen to support more
complex life. In addition, cyanobacteria are also the ancestors of chloroplasts,
which are the structures that perform photosynthesis within the cells of modern
plants and other algae.
Certain types of microbes, including
cyanobacteria, can form domed
structures called stromatolites. Their
fossilized remains show how the
structures are built gradually in
concentric layers, and they have
provided evidence for some of the
earliest life on Earth. Image Credit:
James St. John / CC-BY-2.0.
Wikimedia Commons (link).

Free-living cyanobacteria are still widespread in today’s oceans. In a few places
though, they form rocky domed structures called stromatolites in shallow water.
Mats of cyanobacteria can trap sediments from the water, which gradually
solidify into successive layers as the bacteria move further up to stay in the sun.
Modern stromatolites are only found at a few unique sites and typically only
grow about a foot or two in diameter, but in the distant past they were more
common and could grow up to the size of a house. The durability of
stromatolites in the fossil record has provided evidence of what may be some of
the earliest life on Earth.

Dinoflagellates
Dinoflagellaetes are considered plankton but are actually able to swim on their
own thanks to two whip-like appendages called flagella. Many dinoflagellates
photosynthesize, but about half of the species eat other creatures (usually other
plankton), with many “mixotrophic” species capable of doing both.
Dinoflagellates are well-known for their bioluminescence, with certain species
responsible for spectacular nighttime light displays when concentrations are
high and the water is churned by boats, waves, or strong currents. It’s
hypothesized that flashing brightly can help dinoflagellates survive by startling
predators, such as small zooplankton – plankton that cannot photosynthesize –
or by attracting even larger predators that consume those feeding on the
dinoflagellates.
Dinoflagellates are considered
plankton, but are capable of motion
on their own thanks to their whip-like
flagella. Image Credit: User:Shazz /
Wikimedia Commons / CC-BY-SA-

3.0 / GFDL. Wikimedia Commons
(link).
One subgroup of dinoflagellates, known as zooxanthellae, perform a critical role
in many coral reefs. The zooxanthellae live within the coral structures,
performing photosynthesis and supplying the living coral with oxygen and
nutrients. In return, the coral provide the zooxanthellae with a safe and stable
environment and the compounds needed to perform photosynthesis. This type
of mutually beneficial relationship is known as mutualism, and this particular
relationship has been key to the productivity of corals around the world.

Foraminifera (“Forams”)
Foraminifera, or “forams” for short, are another group of marine
microorganisms. Forams are also single-celled, but they create intricate shells,
called “tests”, around themselves, either out of calcium carbonate or by
cementing together other particles such as sand grains. Forams consume other
microscopic organisms for food rather than photosynthesizing, but some can
“farm” algae within their tests as a food source. Foraminifera come in many
diverse species, including floating planktonic ones and bottom-dwelling benthic
ones. The relative abundance of different species, along with the condition of
their tests, can indicate the environmental conditions in which they lived. This,
combined with the fact that forams exist in the fossil record since roughly 500
million years ago, makes them excellent tools for dating rock layers and
investigating past climates, and their fossils can even aid in oil exploration by
shedding light on the conditions in which the rock units around them were
formed.

Microfossils like those pictured here, including radiolaria (small clear spheres)
and foraminifera (small white shells and larger white and brown shells), can
help in identifying rock layers, studying past and current environmental
conditions, and even in oil exploration. Image Credit: Hannes Grobe 20:52, 12
November 2006 (UTC), Alfred Wegener Institute for Polar and Marine
Research, Bremerhaven, Germany / CC-BY-SA-3.0 / CC-BY-2.5 / GFDL.
Wikimedia Commons (link).

Fun Fact: Believe it or not, jellyfish are considered large zooplankton. They rely
primarily on ocean currents to carry them through the water.

A New Challenge for Marine Microorganisms
These are only some of the immense variety of marine microorganisms, which
also include microscopic crustaceans, green algae, and the beautifully intricate

radiolarians. If you would like to learn about more types of fascinating marine
microbes, a great place to start is this article hosted by the Smithsonian
Institution.
Marine microorganisms form a critical part of Puget Sound’s ecosystem. Marine
microbes have been producing oxygen, helping regulate cycles of chemicals
and nutrients, and providing the foundation of the food web for millions of years,
but now they’re facing a relatively new challenge: humans!
We’ll delve into how human activity impacts marine microorganisms and learn
what Shore Stewards can do, in the second part of our two-part series, coming
soon.

References
Alverson, Andrew. 2014. “The Air You're Breathing? A Diatom Made That.” Live
Science, June 11, 2014. https://www.livescience.com/46250-teasing-apart-thediatom-genome.html.

Benoiston, Anne-Sophie, Federico M. Ibarbalz, Lucie Bittner, Lionel Guidi,
Oliver Jahn, Stephanie Dutkiewicz, and Chris Bowler. 2017. “The evolution of
diatoms and their biogeochemical functions.” Philosophical Transactions of the
Royal Society B: Biological Sciences 372 (1728).
https://doi.org/10.1098/rstb.2016.0397.
Buick, Roger. 2008. “When did oxygenic photosynthesis evolve?” Philosophical
Transactions of the Royal Society B: Biological Sciences 363 (1504): 27312743. https://doi.org/10.1098/rstb.2008.0041.
Diatomaceous. n.d. “History Of Diatoms.” Accessed October 21, 2019.

https://diatomaceous.org/history-of-diatomaceous-earth/.
Dover Museum. n.d. “White Cliffs of Dover.” Accessed August 14, 2019.
https://www.dovermuseum.co.uk/Information-Resources/Articles-Factsheets/White-Cliffs-of-Dover.aspx.
Dunagan, Christopher. 2019. “Hood Canal blooms again, as biologists assess
role of armored plankton.” Kitsap Sun – Puget Sound Blogs, July 13, 2019.
https://pugetsoundblogs.com/waterways/2019/07/13/hood-canal-blooms-againas-biologists-assess-role-of-armored-plankton/.
European Science Foundation. 2012. “Marine microorganisms hold the key to
life on Earth.” ScienceDaily, July 24, 2012.
https://www.sciencedaily.com/releases/2012/07/120724104308.htm.
The Florida State University. 2004. “Molecular Expressions Photo Gallery:
Radiolarians.” Last modified February 4, 2004.
https://micro.magnet.fsu.edu/micro/gallery/radiolarians/radiolarians.html.

Government of Western Australia, Department of Mines, Industry Regulation
and Safety. n.d. “Stromatolites and other early life.” Accessed October 28,
2019. http://www.dmp.wa.gov.au/Stromatolites-and-other-evidence-1666.aspx.
Hall, Danielle. 2019. “Marine Microbes.” Smithsonian Ocean – Smithsonian
Institution, July 2019. https://ocean.si.edu/ocean-life/microbes/marine-microbes.
Kasting, James F., and Janet L. Siefert. 2002. “Life and the Evolution of Earth's
Atmosphere.” Science 296 (5570): 1066-1068.
https://doi.org/10.1126/science.1071184.

Logan, Brian W. 1961. “Cryptozoon and Associate Stromatolites from the
Recent, Shark Bay, Western Australia.” The Journal of Geology 69 (5): 517533. https://doi.org/10.1086/626769.
Mann, David G. 1999. “The species concept in diatoms.” Phycologia 38 (6):
437-495. https://doi.org/10.2216/i0031-8884-38-6-437.1.
Mann, David G. 2010. “Diatoms.” The Tree of Life Web Project. Last modified
February 7, 2010. http://tolweb.org/Diatoms/21810/2010.02.07.

(NASA) National Aeronautics and Space Administration Earth Observatory.
2010. “What are Phytoplankton?” Last modified July 13, 2010.
https://earthobservatory.nasa.gov/features/Phytoplankton.

Nesbitt, Elizabeth A., Ruth A. Martin, David E. Martin, and Jude Apple. 2015.
“Rapid deterioration of sediment surface habitats in Bellingham Bay,
Washington State, as indicated by benthic foraminifera.” Marine Pollution
Bulletin 97 (1-2): 273-284. https://doi.org/10.1016/j.marpolbul.2015.06.006.
(NOAA) National Oceanic and Atmospheric Administration. 2017. “NOAA
National Ocean Service Education: Corals.” Last modified July 6, 2017.
https://oceanservice.noaa.gov/education/kits/corals/coral02_zooxanthellae.html.
O'Neill, Brian J. 1996. “Using Microfossils in Petroleum Exploration.” The
Paleontological Society Papers 2 (Learning from the Fossil Record): 237-246.
https://doi.org/10.1017/S1089332600003314.
Scripps Institution of Oceanography. n.d. “Dinoflagellates and Red Tides | Latz
Laboratory.” Accessed October 27, 2019.
https://scripps.ucsd.edu/labs/mlatz/bioluminescence/dinoflagellates-and-red-

tides/.
Tyrrell, Kelly April. 2017. “Oldest fossils ever found show life on Earth began
before 3.5 billion years ago.” University of Wisconsin-Madison News, December
18, 2017. https://news.wisc.edu/oldest-fossils-found-show-life-began-before-35-billion-years-ago/.
Tyrrell, T., and J.R. Young. 2008. “Coccolithophores.” In Encyclopedia of Ocean
Sciences (Second Edition), edited by John H. Steele, 606-614. Academic
Press. Elsevier. https://doi.org/10.1016/B978-012374473-9.00662-7.
University College London. “Foraminifera.” Accessed October 27, 2019.
https://www.ucl.ac.uk/GeolSci/micropal/foram.html.
Valiadi, Martha, and Debora Iglesias-Rodriguez. 2013. “Understanding
Bioluminescence in Dinoflagellates—How Far Have We Come?”
Microorganisms 1 (1): 3-25. https://doi.org/10.3390/microorganisms1010003.
Wetmore, Karen. 1996. “Foram Facts An Introduction to Foraminifera.” The
Paleontological Society Papers 2 (Learning from the Fossil Record): 227-230.
https://doi.org/10.1017/S1089332600003296.

Copyright © *|2016|* *|WSU Extension|*, All rights reserved.

If you have comments or questions about a story, please contact us.
For archived editions visit us at: www.shoresteward.wsu.edu

Shore Stewards, Washington State University, Pullman, WA

WSU Extension programs and employment are available to all without discrimination. Evidence of
noncompliance may be reported through your local WSU Extension office.

Want to change how you receive these emails?
You can update your preferences or unsubscribe from this list

