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We have all heard that living creatures need the sun to 
survive, either directly through photosynthesis or by 
consuming biomass produced by photosynthesis. But is 
this really true for all of them? Some organisms survive in 
the deep sea - where there is no sunlight - using energy 
from our planet instead of our sun in a process known as 
chemosynthesis. We wanted to know more about these 
microorganisms, especially the ones that live below the sea 

floor at deep-sea hot springs. So we examined fluids from a 
hot spring in the Pacific at in situ pressure and temperature 
and measured their productivity and rates of metabolism. 
Our study showed that sub-seafloor microorganisms were 
highly productive and fast growing. Our estimates allow us 
to assess the importance of hot springs for global cycles of 
essential elements, such as carbon and nitrogen.

Introduction

Abstract

We usually see sunlight as the source of energy for life. But 
there is no sunlight in the deep sea, so how is anything able 
to live down there? Most organisms depend on the small 
amount of food from the surface ocean which sinks down into 
the deep sea. However, some microorganisms have evolved 
to use energy from inorganic chemicals instead of energy 
from our sun. They do not need preformed organic matter 
(like we do) or sunlight (like plants and algae). Instead they 
rely on the oxidation and reduction of inorganic chemicals (a 
chemical process accompanied by the transfer of electrons 
and the release of energy) as an energy source in a process 
known as chemosynthesis. These organisms are called 
chemolithoautotrophs and, like all autotrophs, they can convert 
or “fix” inorganic carbon into cell material.
In 1977 near the Galápagos Islands, scientists made a truly 
spectacular discovery when they found deep-sea hot springs: 
openings in the Earth’s crust where hot water is being released 
into the very cold deep ocean (Figure 1). Even more surprising 
was finding so much life around these hot springs: giant tube 

worms, never before known to science, and enormous clams. 
How could these thriving animal communities exist in an area 
of deep sea that otherwise had little food and low productivity? 
The answer was chemosynthesis by microorganisms using 
energy from our planet. The hot water - or hydrothermal fluid as 
it is called - is formed deep in the ocean crust, where it picks up 
various minerals by interacting with rocks at high temperature 
and pressure. These chemicals provide the basis for the growth 
of chemolithoautotrophic bacteria. These bacteria are either 

Figure 1: Tubeworms, white 
crabs, and a pink fish gather 
at a Galápagos Rift vent site 
discovered in 1977.

(Photo by John M. Edmond, MIT, 
WHOI archive)
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We took fluid samples from a well-studied hot spring called 
Crab Spa, located at the 9ºN vent field on the East Pacific 
Rise, a mid-ocean ridge system in the Pacific Ocean (Figure 
2). We conducted 16 incubation experiments on board the 
ship at in situ pressure and temperature, which required very 
specialized equipment, like water samplers that can retain 
the pressure of the deep sea, and the development of new 
methodology. We also conducted two additional experiments at 
in situ pressure, but with an elevated temperature of 50°c to 
investigate the activities of microbes living in the sub-seafloor 
at higher temperatures. In 15 of these experiments we added 
supplements such as oxygen, nitrate, and hydrogen, or a 
combination of these compounds, to test if they would increase 
microbial activity.
We determined the composition of the microbial communities 
and measured their growth and the rates of their metabolism, 
using DNA sequencing, fluorescence in situ hybridization (FISH), 
and mass spectrometry analyses. To assess the autotrophic 
metabolism and the efficiency of new biomass production of the 
bacteria, we added sodium hydrogen carbonate (also known 
as sodium bicarbonate or baking soda). This baking soda was 
labeled with a heavy stable carbon isotope. We then used mass 
spectrometry to detect its incorporation into cell material.

Methods

Results
Sub-seafloor water:

The fluids emanating from the sub-seafloor had a 
temperature of 24°c and had a lot more microorganisms 
than the surrounding seawater at 2ºc.
The concentrations of some important chemicals needed 
for chemosynthesis (such as sulfide, hydrogen, nitrate 
and oxygen) in the water coming out of the hot spring 
were lower than expected, indicating their consumption 
below the seafloor.

Sub-seafloor microbes:
The most prevalent microorganisms in all incubations 
were autotrophic campylobacteria. But the microbial 
composition varied under different conditions.
The microbes were very active and grew fast.
Sub-seafloor microorganisms showed high productivity 
(carbon fixation or biomass production).

free living and are directly consumed by other organisms or live 
in a mutualistic symbiosis with animals. For example, the tube 
worms and clams provide chemicals to the bacteria living inside 
them, and they receive food from the organic compounds the 
bacteria produce. So you see there is a rich ecosystem based 
on chemosynthesis near these hot springs!
But how productive are these ecosystems? Scientists have been 
able to measure the growth rate and productivity of the animals 

with symbiotic bacteria living above the seafloor.
Scientists have also known for a while that microbes live 
below the ocean floor at deep-sea hot springs and that they 
contribute to the productivity of the surrounding ecosystems. 
We wanted to find out more about this sub-seafloor biosphere – 
its productivity, the growth efficiency of the microbes (meaning 
how efficiently they convert the available energy into cell 
material), and the overall quantity of their biomass.

Figure 2: Location of 
the hot spring called 
crab Spa, located at 9ºN 
on the East Pacific Rise



The deep sea is largely unknown and unexplored. 
Nevertheless it’s very important, because it’s the home of 
unique ecosystems, such as the deep-sea hot springs. The 
organisms in these ecosystems have interesting and often 
unknown adaptations to extreme conditions. Understanding 
the biochemistry lying beneath these adaptations could 
lead to biotechnological advances. Studying the deep 
sea requires scientists from different disciplines working 

together to improve our knowledge. In our research, we 
had geochemists, microbiologists and engineers working 
as a team. knowing better how these ecosystems function 
allows us to assess their role in the global ocean. This can 
also help us to make informed decisions about human 
activities in the ocean, so we can protect these ecosystems 
from threats, such as deep-sea mining. The more we learn 
about unique ecosystems, the better!   

Our data showed that the productivity of sub-
seafloor microorganisms at Crab Spa was high. These 
chemolithoautotrophs do the “heavy lifting” when it comes 
to providing carbon to the otherwise food-limited deep sea 
by transferring energy from the planet (geothermal energy) 
into cell material, fueling the deep-sea hot spring ecosystem. 
This also provides carbon to the surrounding deep ocean. We 
found this even rivaled the highly productive animal-microbe 
symbiotic relationships above the seafloor. For example, per 
square meter the tube worms are as productive as some 
rainforest ecosystems. So, we now know that the subseafloor 

biosphere is a very important component of deep-sea hot 
spring ecosystems.
Temperature and oxygen were identified as important factors 
which separated microbes growing in different niches in this 
sub-seafloor ecosystem. This explains how closely related and 
potentially competing chemolithoautotrophic bacteria are able 
to exist in the same ecosystem. Moving forward, our research 
now aims to perform similar measurements at other deep-sea 
hot springs and to assess their influence on the surrounding 
deep ocean. 
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Discussion

Carbon fixation increased when we added certain 
chemicals, especially oxygen and nitrate, which are being 
used in chemosynthesis to oxidize the reduced chemicals 
to generate energy (Figure 3).
Higher temperatures changed the composition of the 
microbial community and resulted in a lower growth 
efficiency among the bacteria.

The biomass is relatively small and the residence time is 
short, implying fast growth rates.
The growth of the microbes in the sub-seafloor is limited 
by the availability of oxidants (oxygen, nitrate).

control

hydrogen

nitrate

oxygen

higher oxygen

nitrate and hydrogen

nitrate and hydrogen at 50°C

 micrograms of carbon fixed
per liter and day

0 25 50 75 100 125

Figure 2: Bacterial 
productivity in 
incubations of hot spring 
fluids conducted at in 
situ pressure under 
different conditions. 

Which elements’ presence increases the 
productivity of the bacteria? 
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Glossary of Key Terms

Biosphere: the parts of Earth where life exists, extending from the dark environment of deep ocean trenches to high mountain tops
Carbon fixation: the process by which autotrophs take inorganic carbon (such as carbon dioxide) and use it to make organic compounds 
(proteins, sugars, and so on)
Chemosynthesis: the process by which organisms use energy from reactions involving inorganic chemicals to create organic compounds 
from inorganic carbon
Chemolithoautotroph: microorganisms, like bacteria, that can gain energy from oxidizing reduced inorganic chemicals, which is then used 
to fix carbon.
Deep-sea hot springs (or hydrothermal vents): places on the deep ocean floor where hot fluids enter the cold deep-sea ocean water, 
for example where tectonic plates spread apart
DNA sequencing: the process of determining the precise order of the building blocks of dNa
Fluorescence in situ hybridization (FISH): a molecular technique that uses fluorescent probes to detect and localize the presence of 
specific DNA/RNA sequences inside the cell by microscopy
Geothermal energy: energy from the heat of the Earth - it originates from the formation of the planet
Growth efficiency: the efficiency of conversion of ingested food or chemical energy to unit of biomass
In-situ: in its original place (i.e. not in the lab) 
Isotopic labeling: a technique used to track the passage of an isotope (an atom with the same number of protons and electrons but 
different number of neutrons)
Mass spectrometry: method for identifying the chemical constitution of a substance by means of the separation according to the differing 
mass and charge of their ions
Metabolism: the chemical processes that occur within a living organism in order to maintain life, such as converting matter into energy and 
synthesizing cellular compounds 
Mid-ocean ridge system: a set of underwater mountain ranges formed when tectonic plates pull apart (diverge or spread) due to magma 
rising up between them, forming new ocean floor 
Oxidation and reduction: the transfer of electrons between two agents. One of them loses electrons (oxidation) the other one gains them 
(reduction). Usually these reactions lead to the release of energy, which is vital to sustaining life
Photosynthesis: the process by which an organism uses energy from the sun to convert carbon dioxide from the atmosphere into plant 
tissue, i.e., biomass
Productivity: the rate of generation of biomass in an ecosystem
Mutualistic symbiosis: a relationship between two species in which they benefit one another
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Check your understanding

Where does the energy for deep-sea chemoautotrophic bacteria come from?

Why did we incubate the sub-seafloor microorganisms at high pressure?

This study focused on chemolithoautotrophs. What other types of autotrophs are there?

Microbes near deep-sea hot springs showed high productivity. What does this mean for organic 
carbon - does it increase or decrease in these ecosystems?
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