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Have You Wondered?

1. What factors determine where marine organisms live?

2. How the physical environment affects marine 

organisms?

3. How the growth of marine populations is regulated?

4. What determines the characteristics of marine 

communities?

5. How energy flow affects the function of an ecosystem?
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2 Fundamentals of Ecology

◼ 2.1 The Study of Ecology

◼ 2.2 Ecology and the Physical Environment

◼ 2.3 Populations

◼ 2.4 Communities

◼ 2.5 Ecosystem: Basic Units of the Biosphere

◼ 2.6 The Biosphere
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2.1 The study of Ecology

◼ The term ecology is derived from the Greek word oikos, 
meaning “home,” in reference to nature’s household and the 
economy of nature. The science of ecology deals with the 
interactions of organisms with each other and with their 
environment and how these interactions affect survival and 
reproduction. 
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2.1 The study of Ecology

◼ The organisms that inhabit the seas are integrated 
components of a living network that encompasses the globe.

◼ Organisms are parts of ecosystems, systems composed of 
living organisms and their nonliving environment.

◼ All of the earth’s ecosystems taken together compose the 
biosphere. 

◼ The structure of the biosphere is determined by the basic 
principles of life: the capture of energy, the cycling of 
nutrients, survival and reproduction, and the process of 
evolution that has shaped the natural world. 
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2.2 Ecology and the Physical Environ

◼ Environment--all the external factors acting on the organism

◼ Abiotic factors

◼ Biotic factors The biotic environment is the living 
portion of an organism’s environment.

The abiotic environment is the physical, 
or nonliving, environment in which an 
organism lives.

Homeostasis is the internal balance 
that living organisms must maintain to 
survive.

GLOSSARY
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HABITAT: Where an organism lives

Figure 2-1 THE CORAL REEF HABITAT. Large habitats, such as the coral reef, can contain many smaller 

microhabitats. Microhabitats in the coral reef include the crevices in the coral, the sediments surrounding the 

coral stands, and even the tissues of the organisms themselves.

◼ Habitat

◼ Microhabitat
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Maintaining homeostasis

◼ This internal balancing of factors that occurs in the face of 
changes in the external environment is called homeostasis,
and the means of maintaining homeostasis is vital to the life 
of all organisms

◼ Ultimately, the ability of organisms to survive in their natural 
environment depends on their genes and the evolutionary 
adaptations they have acquired to deal with changing 
environmental conditions.
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◼ Optimal Range 

◼ Zones of stress

◼ Zones of intolerance

Figure 2-2 OPTIMAL RANGES. An organism survives and reproduces best when 

environmental factors affecting it fall within an optimal range. Although organisms 

can live outside of their optimal ranges, they expend more energy maintaining 

homeostasis, leaving less energy available for reproduction
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Physical Environment

◼ Sunlight

◼ The largest group of photosynthetic organisms in marine 
environments are phytoplankton, the mostly microscopic, 
plantlike organisms and bacteria that float in ocean currents. 
Phytoplankton, together with seaweeds and plants, are the 
primary sources of nutrients and energy for marine animals. 
The distribution of these leading food producers is 
determined by the available sunlight and nutrients.

◼ Phytoplankton can migrate vertically.
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Sunlight

(Courtesy of Kyle Carothers, Ocean Explorer, NOAA.)
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Sunlight

(a) Bay Islands (Honduras) coral reef at 2 m depth. (b) Bay Islands (Honduras) coral 

reef at 20 m depth. (Photographs Martin Speight.)
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Physical Environment

◼ Temperature
◼ Ectotherms

◼ Endotherms
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Temperature
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The thermocline is a zone in the ocean 
characterized by a rapid change in 
temperature with increasing depth.
(温跃层)

The halocline is a zone in the ocean 
that is characterized by a rapid change 
in salinity with depth.
(盐度跃层)

The pycnocline is a zone in the ocean 
that is characterized by a rapid change 
in density with depth.
(密度跃层)

GLOSSARY



College of Marine Sciences,   Shanghai Ocean University



College of Marine Sciences,   Shanghai Ocean University

Temperature
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SST
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Physical Environment

◼ Salinity
Salinity is measure of the concentration of dissolved 
inorganic salts in the water. 

◼ Osmosis
The movement of water across a membrane in response to 
differences in solute concentration is called osmosis which 
refers to the movement of water across a semipermeable 
barrier from an area of low solute concentration to an area of 
high solute concentration.
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Salinity
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Defining and measuring salinity

◼ Salinity is directly proportional to the amount of chlorine in 
seawater, and chlorine can be measured accurately by a 
simple chemical analysis, salinity, S, was redefined using 
chlorinity, Cl, as

S=1.80655 chlorinity

◼ where chlorinity is defined as the mass of silver required to 
precipitate completely the halogens in 0.3285234 kg of the 
seawater sample.

◼ PSU (Practical salinity units) or PSS (Practical salinity scales)
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Defining and measuring salinity

◼ Conductivity

◼ refractometers
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Salt wedge
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Salinity tolerance

◼ 8ppt or 30 ppt-stenohaline (狭盐性)
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Salinity tolerance

◼ Euryhaline (广盐性)
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Physical Environment

Video/20 Second Story of Osmosis - Freshwater Fish.mp4
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Osmoregulation of fishes
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Physical Environment

◼ The pressure at sea level is 760 mm Hg, or 1 atmosphere (14.7 
pounds per square inch). Because water is so much denser 
than air, for every 10 meters (33 feet) below sea level in the 
ocean, the pressure increases by 1 atmosphere. For instance, 
the pressure at an average ocean depth of 3,700 meters is 370 
atmospheres (2.7 tons per square inch). A wig head lowered 
to a depth of 4,000 meters, where the pressure is 400  
atmospheres, is compressed to approximately one third of its 
original size
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Physical Environment
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Depth, pressure, and topography

Similar species are partitioning the 

depth resource resulting in the 

avoidance of interspecific competition
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Depth
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Oxygen

◼ Constant at the surface

◼ Decrease to 1000m



College of Marine Sciences,   Shanghai Ocean University

Nutrients

◼ Organisms need a variety of organic and inorganic materials to 
metabolize, grow and reproduce. The chemical composition of 
salt water provides several of the nutrients required by marine 
organisms. Nitrogen and phosphorous are required by all 
photosynthesizing plants or plant-like organisms. Other minerals 
such as calcium are essential for the synthesis of mollusk shells 
and coral skeletons. Although nutrients are essential for life, 
excessively high levels of nutrients in sea water can cause 
eutrophication. This process of nutrient enrichment can lead to 
vast algal blooms which eventually die and start to decompose. 
The decomposition may deplete the availably dissolved oxygen 
in the water, killing fish and other organisms.
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Nutrients

◼ Metabolic Requirements

Tip:

Cooler, less salty water 

of the open sea contains 

more oxygen than the 

warm, saline water in a 

tide pool
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Elements

◼ 生命过程所必须元素：
H, B, C, N, O, F, Na, Mg, Si, P, S, Cl, K, Ca, V, Mn, Fe, Co, Zn, 
Br, I, etc.

◼ 对生命可能需要的元素：
Al, Ti, As, Sn, Pb, Ge, Se, etc.

◼ 不需要的元素
He, Li, Be, Ne, Ar, Sc, Cr, Ga, Kr, Rb, Sr, Y, Zr, Nb, Tc, Rn, Rd, 
Ag, Cd, In, Sb, Te, Xe, Cs, Ba, La, Hf, Ta, W, Re, Os, Ir, Pt, Au, 
Hg, Tl, Bi, Po, At, Rn, Fr, Ac, Th, Pa, U, etc.
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Tides

◼ Spring tide and neap tide
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Thermohaline circulation
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Thermohaline circulation
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Climate change

◼ Two of the most important aspects of climate change are 
increases in sea level, and changes to the infamous El Niño.
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Climate change
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ENSO
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Acidification
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CO2 and Ocean pH
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Summary

◼ Clearly there are numerous physical factors and conditions 
that influence life in the sea. Depth, temperature, salinity, 
turbidity, velocity, pressure and so on, all combine to produce 
a myriad of physical and chemical habitats which provide a 
huge number of combinations and permutations. The oceans 
are not at all the bland, homogeneous expanse that we might 
think, and with this in mind, it should be no surprise that the 
diversity of life in the sea is as rich and varied as the physical 
conditions in which it lives. This is Biodiversity.
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Marine Biodiversity
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Marine Biodiversity-Past
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Marine Biodiversity
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Population

◼ A population is a group of individuals of the same species 
that occupy a specified area.

◼ Members of a population interact with each other and are 
able to breed with each other. They rely on the same 
resources and are influenced by the same environmental 
factors.

◼ In nature, populations are separated from one another by 
barriers that prevent organisms from interacting or breeding.

◼ The population, rather than the individual, is the basic unit 
that many ecologists study.
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Range and Size

◼ Geographical boundaries.

◼ Population size.
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Distribution of Organism

◼ Population density

◼ Dispersion: Clumped, uniform and random

Caused by variations in 

the organism’s physical 

environment.

The results of 

competition.

Occurs when there is a lack of strong 

interactions among individuals and is not 

common in the marine environment
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Change in Population Size

◼ Reproduction and death

◼ Generation time

◼ Survivorship:  Type I, II, III curve.

◼ Life history: birth, reproduction and death.

◼ Clutch Size

◼ Number of Reproduction Events

◼ Age at First Reproduction
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Change in Population Size
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Population Regulation

◼ Density-dependent factor

◼ Density-independent factor

◼ r-strategists

◼ K-strategists

◼ The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a 
continuum between these two extremes.

Shark reproduce video
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Population Growth

◼ Recruitment

◼ Larval settlement

◼ J-shaped curve
(Exponential or logarithmic growth)

◼ S-shaped curve
(Logistic growth)

◼ Carrying capacity
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Population Regulation

◼ Density-dependent factor

◼ Density-independent factor

◼ r-strategists

◼ K-strategists

◼ The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a 
continuum between these two extremes.

Shark reproduce video
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r-and K-Selected species
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Population Regulation

◼ Density-dependent factor

◼ Density-independent factor

◼ r-strategists

◼ K-strategists

◼ The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a 
continuum between these two extremes.

Shark reproduce video
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Shark reproduce



College of Marine Sciences,   Shanghai Ocean University



College of Marine Sciences,   Shanghai Ocean University

In Summary

◼ In ecological terms, a population is a group of the same species that 
occupies a specific area.

◼ Factors that affect reproduction and mortality rate such as survivorship 
and life histories have a significant effect on the size of populations. 
Populations grow when more organisms are added through reproduction 
and immigration than are lost through death and emigration. Initially, 
populations grow quickly, a process known as exponential growth. Such 
growth cannot be maintained indefinitely. 

◼ Characteristics of the environment, such as space and available food, limit 
the number of organisms an area can support. This limit is called the 
carrying capacity of the environment. The carrying capacity is set by 
density-dependent factors that decrease reproduction or increase 
mortality rate as a population grows. 

◼ Population growth can also be limited by density-independent factors.
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Community

◼ A biological community is composed of populations of 
different species that occupy one habitat at the same time. 

◼ The species that make up a community are linked to some 
degree by competitive relationships, predator-prey 
relationships, and symbiotic relationships.

A community is an assembly of populations of different species that occupy 
the same habitat at the same time.

Niche refers to an organism’s role in the environment.

GLOSSARY
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Community
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Niche

◼ What an organism does in its environment is its niche.

◼ A full description of an organism’s niche would include the 
range of environmental and biological factors that affect its 
ability to survive and reproduce.
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Niche

◼ The niche of an organism is often described as its role in the 
community. It refers to the environmental conditions and 
resources that define the requirements of an organism. The 
broadest niche that an organism can occupy (defined mostly 
by resource availability and tolerance to abiotic factors) is 
called its fundamental niche. In reality, organisms often 
occupy a smaller subset of their fundamental niche because 
of biological interactions with other species such as 
competition and predation. This subset is called the realized 
niche. 
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Isotopic niche
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Competition

◼ When organisms require the same limited resource, such as 
food, living space, or mates, competition occurs.

◼ Competition occur between different species – interspecific 

◼ Competition occur between members of a single species –
intraspecific competition

Figure 2-13 COMPETITION.

Competition among butterflyfishes is limited by the shape of their 

mouths, which determines where they can find food and the types of

food they can eat. This saddled butterflyfish (Chaetodon ulietensis) has 

a blunt mouth that restricts it to feeding on the surface of corals.
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Connell’s Barnacles
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Symbiosis: Living Together

◼ Mutualism

◼ Commensalism

◼ Parasitism

Symbiosis is an intimate living 
arrangement between two different 
species.

GLOSSARY

Video/Jonathan Bird's Blue World- Basking sharks and Lampreys.mp4
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Symbiosis
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In Summary

◼ A community is composed of populations of organisms that 
occupy the same habitat at the same time. The role an 
organism plays in its environment, in a sense its “profession,” 
is its niche. The broadest niche an organism can occupy is its 
fundamental niche. Interactions with other organisms and 
the physical environment, however, limit it to a smaller part 
of the niche called its realized niche. The biological 
environment of an organism includes interactions with other 
species, such as competition, predator–prey relationships, 
and symbioses. The major categories of symbiotic 
relationships are mutualism, commensalism, and parasitism.
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Ecosystem

◼ Energy flow through Ecosystems

All living organisms require energy to live, grow and 
reproduce. The source of the energy for practically all life on 
earth is the sun. Organisms that are capable of 
photosynthesis convert the radiant energy of the sun into the 
chemical energy of food molecules. The molecules in turn 
serve as a sources of nutrition for not only photosynthesizers
but also the organisms that feed on them. As each organism 
in turn feeds on another, energy is funneled through levels of 
the ecosystem.
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Producer

◼ Some organisms contain special pigment molecules, such as 
chlorophyll, that capture the sun’s energy. 

◼ In marine environment, the primary photosynthetic 
organisms are phytoplankton, seaweeds, and plants. They 
were called autotrophs or producers.
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Primary productivity

◼ Primary productivity refers to the rate at which energy-rich 
food molecules (organic compounds) are being produced 
from inorganic materials.

An autotroph is an organism that is capable of producing its own food; also 
known as a producer.

Primary productivity  refers to the rate at which energy-rich food molecules 
(organic compounds) are being produced from inorganic materials.

GLOSSARY
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Consumers

◼ Heterotrophs

◼ First-order consumers (primary consumers)

◼ Second-order consumers (secondary consumers)

◼ Omnivores: consumers that feed on both producers and 
other consumers

◼ Detritivores are organisms that feed on detritus, organic 
matters such as animal wastes and bits of decaying tissues.

◼ Decomposers are organisms that break down the tissue of 
dead organisms and help to recycle nutrients.
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Food Chains

◼ In every ecosystem, producers and consumers are linked by 
feeding relationships called food chains.
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Other Energy Pathways

◼ The phytoplankton may release some of their photosynthetic 
products into the surrounding seawater. These organic 
molecules that are lost or released into the water column are 
referred to as dissolved organic matter (DOM).

◼ Detritus represents an enormous supply of energy for marine 
organisms. The major sources of detritus are decaying plant 
and algal matter that is not consumed by grazing herbivores, 
animal wastes, and bits and pieces of animal tissue.
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Food for the Deep

◼ In the deep ocean, marine snow is a continuous shower of 
mostly organic detritus falling from the upper layers of 
the water column, plus some inorganic sand and dust.

◼ 1% or less of digestible biomass that in the sunlit upper 
surface goes down to the bottom. 
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Food for the Deep

Many of the deep sea organism have to adapt to extreme food 
shortage. They have very low population density and many 
other adaptations like longevity and very slow growth that 
these deep sea organisms need to survive

高体金眼鲷
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Marine Food Chains & Webs

◼ Producers and consumers are linked 
by feeding relationships called food 
chains.
Energy flow through Predator-prey interaction.

◼ Trophic level
is a position in a food chain or food web that 
indicates an organism’s feeding relationships.

Pics from http://ian.umces.edu/
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Pics from http://ian.umces.edu/
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Pics from http://ian.umces.edu/
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Food webs

◼ Lindeman (1942) introduced the “energy-efficiency 
hypothesis”- the fraction of energy entering one trophic level 
that passes to the next higher level is low (~5-20%,with a 
mean of 10%)

Pics from http://ian.umces.edu/

Lindeman’s Law During the transfer of energy from organic food from one trophic level to the next, 

only about 10% of the energy from organic matter is stored as flesh. The remaining is lost during 

transfer, broken down in respiration, or lost to incomplete digestion by higher trophic levels

GLOSSARY

Ecological Efficiency
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Whale and basking sharks
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Coastal food chain
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Oceanic Food Webs

◼ Food webs in the oceans vary systematically in food chain 
efficiency, number of trophic levels, primary production

Food Chain 

Type

Primary 

Productivity

gCm-2y-1

Trophic 

Levels

Food 

Chain 

Efficiency

Potential

Fish 

Production

mgCm-2y-1

Open Ocean 50 5 10 0.5

Continental 100 3 15 340

Upwelling 300 1.2 20 36,000
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Question??

◼ Why do aquatic ecosystems have inverted biomass pyramid?

Pics from http://ian.umces.edu/
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Mourier et al., 2016
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Microplastics



College of Marine Sciences,   Shanghai Ocean University

Wieczorek et al., 2018
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“The key message for us is that our 
pollution has now reached even the most 
remote areas and that the plastics may 
impact key ecological players such as 
deep-sea fish,” said Wieczorek.
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Keystone species

◼ This ochre sea star limits the size of the mussel population in this community. 
This prevents the mussels from crowding out other species of rock dwellers.

◼ Paine RT(1995) ”A keystone species is a species that has a disproportionately 
large effect on its environment relative to its abundance”.

Karleskint et al (2009)



College of Marine Sciences,   Shanghai Ocean University

Paine’s keystone experiment

◼ Predators can allow coexistence of competing prey

Predator

Competitors

Paine RT (1966; 1974)
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Removal experiment

◼ Mussels are dominant competitors

◼ Competitive exclusion of barnacles

Starfish removed Mussels

Barnacles

Time

%

Of

Intertidal

Zone

Paine RT (1966; 1974)

If we remove the top predator of the Ocean, what will happen??
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Paine’s keystone experiment
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Sea Star
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What controls Food Web?

◼ Traditionally, food webs have been thought of as obeying a 
kind of supply-side economics: higher productivity of 
phytoplankton yields higher productivity of zooplankton and 
on up the chain. Control of food web structure and 
population dynamics by primary producers us called bottom-
up control.

◼ On the other hand, there is evidence that top predators exert 
control over food web structure and population dynamics. 
This kind of control is called top-down control.

◼ Control of food web structure and population dynamics by 
middle trophic levels is called wasp-waist control.
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What controls Food Web?

Bottom-up control of a food web occurs 
when physical and chemical and human 
factors drive the growth of autotrophs. 
In turn, autotrophs supply energy and 
matter to higher trophic levels. As 
phytoplankton go, the whole food web 
goes.
Such as increasing N, P input
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What controls Food Web?

Top-down control of a food web occurs 
when physical, chemical and human 
factors control the abundance of top 
predators. As the top predators 
decrease, there is a domino effects as  
lower trophic levels alternatively 
increase or decrease. As the top 
predators go, so goes the food web.
Such as DDT events, fishing top 
predators.
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What controls Food Web?

Wasp-waist control of a food web occurs 
when physical, chemical and human 
factors regulate middle trophic levels. 
Control of the abundances of organisms 
at middle trophic levels controls the 
trophic levels above and below.

Such as Climate change on sardine 
fishery.
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Acanthaster planci
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Problems

◼ Eutrophication

◼ Loss of predators

法螺贝Charonia tritonis 油彩蜡膜虾Hymenocera picta 花斑拟鳞鲀Balistoides conspicillum
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Are they important to the Ocean?

R. Turner J. Small

S. Jennings D. Thomas
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Sharks are important to human

Apex Predators

Meso Predators

Resource Species

Trophic
Cascade

Ecology Letters, 13: 1055-1071 (2010)

Trophic cascades 

occur when 

predators in a food 

web suppress the 

abundance or alter 

the behavior of their 

prey, thereby 

releasing the next 

lower trophic level 

from predation

GLOSSARY
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Trends in Ecology and Evolution, 23: 202-210 (2008)
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◼ Vetter et al. (2008) used data from just about every research 
technique available to study interactions between the mako 
and Humboldt squid populations in the California current.

(PANS, 2008)
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◼ Heithaus et al (2008). 
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Hydrologic Cycle
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Carbon Cycle

1. Atmosphere (0.03%)

2. Oceans

3. Carbonate rock and petroleum

1. Respiration

2. Decomposition

3. Volcanic eruption

4. Combustion of fossil fuel
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Carbon Cycle
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Nitrogen Cycle

◼ Protein and Nucleic acids

◼ Ammonia, amino acids or nitrates

◼ Atmosphere and water bodies

◼ Plants can absorb ammonia and nitrates

◼ Blue green algae and certain bacteria can fix atmospheric 
nitrogen into nitrates.---Nitrogen Fixation
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Nitrogen Fixation

Atmospheric nitrogen fixation

1. During lightening due to high temperature, the atmospheric 
nitrogen reacts with oxygen and form nitrous oxide (N2O), 
nitric oxide(NO) and nitrogen peroxide (NO2).

2. These compounds dissolve in rain water to form Nitric acid.

3. They react with alkalies and form nitrates.

4. Plants easily absorb nitrates.
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Nitrogen Fixation

Biological fixation

◼ Certain bacteria and blue green algae can fix atmospheric 
nitrogen directly into ammonia.

◼ Nitrogen fixing bacteria are of two types

1. Free living

2. Symbiotic- Root of Leguminous plant



College of Marine Sciences,   Shanghai Ocean University

Nitrogen Cycle

◼ Nitrification
Conversion of ammonia into nitrates and nitrites is brought 
about by the nitrifying bacteria.

◼ Denitrification
Bacteria Pseudomonas and Bacillus denitrificants convert 
nitrate to free nitrogen. This process is called denitrification.
Denitrification take place under special conditions in both 
terrestrial and marine ecosystems. In general , it occurs 
where oxygen is depleted and bacteria respire nitrates as a 
substitute terminal electron accepter.
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Nitrogen Cycle

◼ Ammonia (NH3), ammonium (NH4
+), nitrite (NO2

-), and 
nitrate (NO3

-)
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Nitrogen Cycle
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Phosphorus Cycle

◼ No phosphorus in atmosphere

◼ Phosphorus needed to make:
----ATP
----DNA
----lipids
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Phosphorus Cycle

1. Phosphorus released from the weathering of rocks

2. Producers absorb phosphorus through their roots

3. Phosphorus moves up the food chain as animals eat 
producers

4. Decomposers obtain phosphorus as they feed on dead 
remains

5. Human Contribution
Fertilizers and run off with rain
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The Biosphere

Ecologists frequently divide the marine 
environment into two major divisions: the 
pelagic division, composed of the ocean’s 
water (the water column), and the benthic 
division, the ocean bottom. These 
divisions can be subdivided into zones on 
the basis of three  characteristics: distance 
from land, light availability, and depth.
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In Summary

◼ Nutrients are constantly recycled from one generation to the 
next through biogeochemical cycles. The energy for most 
life on earth comes from sunlight. Producers capture the 
energy of sunlight in the chemical bonds of organic 
molecules. The rate at which these energy-rich molecules 
are formed is called primary production. Consumer 
organisms rely on these  molecules as a source of food. In 
every ecosystem, producers and consumers are linked by 
feeding relationships called food chains. The ten percent rule 
of ecology states that the average amount of energy passed 
from one trophic level to the next is approximately 10%. 
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1. Stomach content analysis

Stomach content of a beached cetecean 

collected by the French Beaching 

National Network (RNE).

Observation with a stereomicroscope of a 

copepod stomach content from a sardine 

(Sardina pilchardus) caught in the Gulf of 

Biscay continental shelf.
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1. Stomach content analysis
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Omnivorous Sharks?

The bonnethead shark (Sphyrna tiburo)
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2. Stable isotope analysis
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Periodic table of elements
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Isotope
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Isotope
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Isotope

◼ Scientists on our planet Earth recognize or suspect the 
existence of approximately 120 elements and 3100 
accompanying isotopic forms or nuclides.
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Isotopes and Their Elements

◼ Isotopes are forms of the same element that differ in number
of neutrons in the nucleus.

◼ The word “isotope” comes from consideration of the periodic
table of the elements, and means that isotopes of an element
all occupy the same (iso) place (topos) in the table.

◼ Frederick Soddy first introduced the term “isotope” in a 
formal way during a speech to the British Royal Society on 
Feb 27, 1913. He won the 1921 Nobel Prize in Chemistry for 
“his investigations into the origin and nature of isotopes”.
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Francis W. Aston



Fig. 1.1. An extra neutron in the 13C 

isotope makes the nucleus more 

massive or “heavier” than the 12C 

isotope, but does not affect most 

chemistry that is related to reactions in 

the electron shell.



Fig. 1.2. An abbreviated periodic table of the elements. Elements have more than one isotope variety that differ 

in the number of neutrons. Stable isotopes of the circled HCNOS elements (hydrogen, carbon, nitrogen, oxygen 

and sulfur) are emphasized in this book. Details about isotopes for many of these elements are available at the 

website http://wwwrcamnl.wr.usgs.gov/isoig/period/. 

http://wwwrcamnl.wr.usgs.gov/isoig/period/
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Fig. 1.3. You are what you eat - stable isotopes 

in a 50 kg human who is composed of mostly of 

light isotopes with a small amount of heavy 

isotopes. People are mostly water, so hydrogen 

and oxygen isotopes dominate at >35kg. Next 

come C isotopes at >11 kg, then N isotopes. S 

isotopes are missing – they should be here at 

about 220g for the light isotope 32S and 10g for 

the heavy isotope 34S. Have you had your 

isotopes today? (from Wada and Hattori, 1990; 

reproduced with permission of CRC Press 

LLC). 



Fig. 1.4. focuses on the 

five elements 

(hydrogen, carbon, 

nitrogen, oxygen and 

sulfur) and their 13 

stable isotopes.



Fig. 1.5. Stable isotopes are 

especially valuable for studying the 

origins and cycling of organic matter 

in the biosphere. Ecologists also use 

radioisotopes (especially 3H, 14C, and 
32P) to study cycling rates and to 

determine ages. Where possible, 

stable isotopes that pose no health 

risk are increasingly substituted for 

the radioisotopes. 



Fig. 1.6. The extra neutron does make a very slight difference in some reactions; having an extra 

neutron usually results in slower reactions. This reaction difference is fractionation.



Fig. 1.9. Isotopes cycle via fractionation and mixing, with fractionation splitting apart mixtures to form 

source materials. These sources recombine via mixing to complete the cycle.
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Stable isotope
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What Stable isotope can do?

土壤
农业环境

(古环境) 海洋
水文地理

大气
气候变化

生态
生物地球化学

地质 食品掺假

兴奋剂检测

石油化工

临床生物学

法医鉴定
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The Vostok ice core record of hydrogen isotopes, temperature and greenhouse 

gas concentrations in the last 420,000 years (Petit et al., 1999 in Nature)
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C3 vs C4
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C3 vs C4

在这个反应中，二氧化碳生成两个三碳的化合物，这就是C3植物的由来。
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C3 vs C4

如图所示，在上面的细胞内，二氧
化碳首先被转变为一个四碳的化合
物（C4名称的由来），这个化合物

被转运到下面的细胞内，再施放二
氧化碳，加入到开尔文循环中。
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C3 vs C4
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C3 vs C4

◼ C3植物利用1,5-磷酸核酮糖羧化酶（Rubisco）固定CO2，
形成了两个三碳化合物（3-磷酸甘油酸），参与有机物合
成。大气中的二氧化碳的碳同位素的值为-8‰，Rubisco酶
在固定二氧化碳时会优先选择轻的同位素，即12C，从而引
起同位素的分馏，C3植物的碳同位素的值的范围是（-
34‰~-22‰）。

◼ C4植物利用磷酸烯醇式丙酮酸羧化酶（PEPC）固定HCO3-，

生成磷酸和草酰乙酸，在不同酶的作用下，草酰乙酸生成
了不同的四碳化合物（苹果酸或天冬氨酸），HCO3-的碳
同位素的值为+7‰~+11‰，PEPC固定12C和13C的速率是差
不多的，所以C4植物的碳同位素值的范围是（-17‰～-
11‰）。
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General Introduction

◼ It focuses on fundamental principles of mixing and
fractionation that govern isotope circulation in the biosphere,
and aims to help you understand and use these principles.
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Pelagic pathway Benthic pathway
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Heithaus et al., 2013
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Nature Paper
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Are they equal?
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Shark vertebrae sampling
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Example
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◼ The upside-down jellyfish depends on algae in its body for 
certain nutrients. The algae are protected by the jellyfish and 
supplied with nutrients. This relationship would be an 
example of

A. Mutualism

B. Commensalism

C. Parasitism
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◼ According to the ten percent rule, how many kilograms of 
phytoplankton would be needed to produce 10 kilograms of 
fish that were second-order consumers?

A. 1 kilogram

B. 10 kilograms

C. 100 kilograms

D. 1000 kilograms

E. 10000kilograms
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◼ The ultimate source of energy for most life in the ocean is 

A. Photosynthesis

B. The sun

C. Thermal vents

D. Predation

E. Phytoplankton
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◼ The most important primary producers in marine ecosystems 
are 

A. Seaweeds

B. Plants

C. Phytoplankton

D. Detritivores

E. Filter feeders
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◼ Oysters and other broadcast spawners produce large 
numbers of offspring, of which very few survive. However, 
those that do survive usually exhibit a low mortality rate as 
adults. The type of survivorship curve that best fits this life 
cycle would be

A. A type I curve

B. A type II curve

C. A type III curve
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◼ The dispersion pattern that frequently results when there is 
competition among species is 

A. Clumping

B. Uniform

C. Random
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◼ A sample of 50 tuna is captured, tagged, and released back 
into the population. Four weeks later, another sample 50 
tuna is taken and 10 of them have tags. Based on this 
information, we would estimate the size of the tuna 
population in this range to be 

A. 100 tuna

B. 200 tuna

C. 250 tuna

D. 500 tuna

E. 1000 tuna
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Key Terms

◼ 1. abiotic environment

◼ 2. autotroph

◼ 3. biotic environment

◼ 4. community

◼ 5. detritus

◼ 6. homeostasis

◼ 7. niche

◼ 8. osmosis

◼ 9. population

◼ 10. primary productivity

◼ 11. symbiosis

◼ 12. trophic level

◼ 13. food web
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