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Utilization of heterotrophic and
autotrophic bacteria in aquaculture
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By William J. McGraw, Ph.D.

Both are complementary in breaking down waste products into
simpler, nontoxic compounds

Above: Intensive shrimp culture in lined ponds with signi�cant
mechanical aeration is an example of a heterotrophic system. (Photo
courtesy of OceanBoy Farms, Florida, USA). Right: Indoor shrimp
raceways at the Harbor Branch Oceanographic Institution in Florida,
USA are autotrophic systems. Note bio�lter and plastic media.
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Bacteria have critical roles in all aquaculture systems, and an adequate understanding of the differences between
autotrophic and heterotrophic bacteria is important for the effective design and management of many aquaculture
operations.

Varied traits, complementary roles
There are important differences between autotrophic and heterotrophic bacteria (Table 1). Heterotrophic bacteria
obtain carbon and energy for growth from naturally occurring organic compounds, while autotrophs use carbon
dioxide as their main source of carbon. Autotrophs obtain energy from light (photoautotrophs) or the oxidation of
inorganic compounds such as ammonia (chemoautotrophs).

McGraw, Differences between autotrophic and heterotrophic
bacteria, Table 1

 

Heterotrophs can survive a wider variety of environmental conditions than autotrophs, and have been prominent
components of probiotic treatments in aquaculture. Autotrophs have been reported to survive weeks without an input
of nutrients, while heterotrophs decrease in numbers very rapidly without food.

During periods of stress – such as limited food sources and low dissolved oxygen – autotrophs can survive through
inactivity while heterotrophs form durable, long-lasting spores. Both spores and inactive autotrophic cells are
activated when the right environmental conditions are encountered.

Autotrophic and heterotrophic bacteria exist in a complementary relationship. Heterotrophic bacteria produce carbon
dioxide as an end product, which provides a carbon source for autotrophs, which in turn create biomass that will be
eventually consumed by heterotrophs.

Heterotrophs as sources of nutrition
Nutrients from uneaten feed and excretion from culture animals in ponds can be e�ciently recycled into valuable
biomass by bacteria. Heterotrophic bacteria are important dietary components of detritivores such as shrimp, tilapia
and carp.

Detritivores consume plant and animal remains or waste, sequentially reducing the particle sizes so that bacteria and
fungi can break them down to their constituent chemical parts for recycling. About 10 percent of the available energy
is passed on from one trophic level to the next, so organisms lower on the food chain, like detritivores, actually need
less energy to grow.

Manure

Source of nutrition Inorganic Organic

Time to establish effective populations Weeks Hours

Survival of bacteria during stress Inactive cells Spore formation

E�ciency at nitri�cation Excellent Poor

Source of food for culture animals Poor Excellent

Characteristic Autotrophs Heterotrophs

Table 1. Differences between autotrophic and heterotrophic bacteria.
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Fish yields as high as 8,000 kilograms per hectare per year are achievable with manure fertilization alone. The manure
itself is not nutritious, but rather a source of organic matter and substrate that allows the proliferation of
heterotrophic bacteria and protozoa. Aggregates of organic matter and microorganisms are then ingested as food for
�sh such as tilapia and carp.

Rates of 2-4 kg of manure added to ponds can produce 1 kg of �sh. As much as 10 percent of the biomass of shrimp
in ponds can be provided through consumption of bacterial �ocs. Manure added at 1,840 kilograms per hectare per
week to small shrimp ponds stocked at 5 to 20 shrimp per square meter can produce a mean growth rate of 0.65 to
1.02 grams per week without the addition of supplemental feed.

Promoting heterotrophs
Encouraging the mass proliferation of heterotrophic bacteria as a food source in aerated, lined ponds is a viable
option for intensive shrimp production. Production systems are currently using this new strategy by manipulating the
carbon/nitrogen ratio of culture water through the addition of low-protein feeds or molasses. This promotes the
formation of bacterial aggregates that are consumed by shrimp.

Heterotrophic systems tend to be more stable than typical phytoplankton-dominated pond systems, which rely on
solar energy to grow. Sunlight can be limiting in ponds due to autoshading by dense plankton. This can lead to an
eventual “crash,” which often results in the death of the target species unless intense aeration is provided.

Autotrophs in bio�lters
Although both types of bacteria can nitrify inorganic ions (NH , NO , NO ), heterotrophic bacteria are far less likely to
conduct nitri�cation in aquaculture systems due to their reliance on organic matter as a major source of energy. The
addition of carbon to increase the carbon/nitrogen ratio in nitrogen-rich aquaculture water can reduce toxic ammonia
levels in as little as a few hours through the exponential growth of heterotrophic bacteria. However, unless this excess
bacterial biomass is consumed, it will decompose and release organic matter back into the culture environment.

Therefore, autotrophic nitri�ers are depended upon in recirculating systems to oxidize toxic ammonia to less-toxic
nitrate. Unfortunately, autotrophs grow much more slowly than heterotrophs, and building up nitrifying bacteria in
bio�lters often takes weeks. However, compared to heterotrophs, much less autotrophic biomass is needed for the
same rate of nitri�cation.

Heterotrophs in RAS
Heterotrophic bacteria are often considered a nuisance in bio�lters used in recirculating aquaculture systems (RAS)
because they outcompete autotrophic nitri�ers for oxygen when excessive organic matter is present. Separate
components employed in closed systems remove organic matter to discourage the build-up of heterotrophic bacteria.

Filtration and waste
Mechanical �ltration can be accomplished through sedimentation tanks and microscreens that remove particulate
organic matter, while devices such as protein skimmers remove dissolved organic matter through foam fractionation.
The major portion of nitrogen waste remaining is then in an inorganic form readily used by nitrifying bacteria.

Filter media
While nitri�ers can survive and grow without attachment to a solid surface, �lter media with the maximum amount of
surface area is known to promote the greatest density of nitri�ers. The bacteria can then thrive and proliferate
through aggregations on solid surfaces and the formation of bio�lm.

Inorganic ions are attracted to the surface of bio�lm and solid-surface �lter media, promoting greater nitri�cation and
improved water quality. Nitri�cation rates are known to vary with environmental conditions. A usable surface area of
bacteria of 0.2 square meters per grams of feed offered has been reported as a guideline.

Conclusion
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Knowledge of the differences between autotrophic and heterotrophic bacteria is essential for the effective utilization
of each type in aquaculture. One important use of autotrophic bacteria is nitri�cation in bio�lters for recirculating
systems. Heterotrophs break down organic matter and can be manipulated as a potential food source for detritivores,
because of their fast growth and nutritional value.

Both bacteria types are complementary in breaking down waste products into simpler, nontoxic compounds.
Heterotrophs are reliant on organic matter for nutrition, while autotrophs utilize inorganic ions.

(Editor’s Note: This article was originally published in the December 2002 print edition of the Global Aquaculture
Advocate.)
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