Review material for Marine Biology Students at Clover Park High School
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Organisms use energy to organize matter and o gather and store
potential (chemical) energy. Within the organism, matter exists
in a low-entropy (organized) state. However, lfe gets energy
‘externally—almost allof it directly or indirectly from the sun. The
increased organization is local and temporary, and requires more
energy to create than it etains,

A good example of this is protein synthesis within your
muscles. It takes about 4500 kilocalories (calories are an energy
‘measure explained in Chapter 9) for your body to produce 0.45
kilograms (1 pound) of muscle tissue. However, 045 kilograms of
‘muscle tissue itself only has about 650 kilocalories of tored chemi-
cal energy. About 85% of the energy required (o organize protein
into complex muscle tissue is ultimately lost s heat n creating the
tissue.

“This i a third way fre differs from lie. Fire consumes energy,
but it does ot create temporary order within itself. In fact, fire is
the opposite. It s the release of energy and the disorganization of
‘matter.Itis entropy in action.

1. What atibutes make e difer from nonife! 3. The second law of thermodynamics says that with
(Choose ai that 20piy) the passage of time, disorge Inceases.
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How Matter and Energy Enter Living Systems

Find the answers as you read.
1. Whatae aueptyand
ety

Autotrophy and Heterotrophy

Wit are autotrophy and heterotrophy?
2. What s ot resprattnt

Al living things obtan the matier and energy they need from | b

external sources. Terrestrial organisms and most marine organisms

gt their energy dircctly or indircctly from the sun. Energy in the | & Wil poiyntresst

form of sunlight combines with inorganic compounds to become | . i does

energy-rich organic compounds. These compounds provide energy oo i o espiaton?

when living systems break them down during cellular respiration, | g, wrats demehess?

which you'll lear more about shortly. How S smier o nd i
Chapter 3 explains that there are organisms called autotrophs. et fom phokosihess?

that oblain energy from the sun or chemical processes. Aufoirophy
s the process of self-feeding by creating energy-rich compounds
called carbohydrates. Plants are autotrophs. They can feed them-
selves by converting the eneray from sunlight and inorganic com-
‘pounds (matter) into carbohydrates.

Organisms that rely on other organisms for sources of energy
and matter are called heterotrophs. Many organisms, including
virtually all animals, cannot produce their own carbohydrates.
These heterotrophs get their energy and matter by consuming
other organisms. This is called heterfrophy (from the Greek fferos
‘meaning ofher and froplikos meaning nourishment). You are a het-
erotroph, of course. Therefore, you get the energy-rich compounds
that supply your body with energy by consuming other organ-
isms. You also get most of the mater that makes up your body the
same way:

Cellular Respiration
Wists el rspiciion?

Whether an organisr i an autotroph or a heterotroph, it must con-
Vert carbohydrates into usable energy. To do this, most organisms
use oxygen to engage in cellular rspiration. Cellular respiration s
the process of relcasing encrgy from carbohydrates to perform the
functions o lfe. (Note that cclular respiraion difers from respra-
on commonly used. to mean beathing ) The chemical process for
this energy release may be writin:

CH,0, +60,———> 600, + 6H,0 + energy
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[=2]
Glucose + Oz
i ( ) o B
¢ ©oo
HO + CO,

‘That is, sugar (glucose, a simple carbohydrate) plus oxygen
convert to carbon dioxide, water, and energy. This chemical reac-
tion is why you need oxygen to live and why you exhale carbon
dioxide. Itis part of the process of converting the food you eatinto
the energy your body uses.
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Photosynthesis
Wiat i« primary producer?

Wiat i photosynthesis?

st pmalenis el el i

Because they create energy-rich compounds, autotrophs are also
known as primary prodicers. They are the conduits through which
the biosphere gets almost all its energy. The biosphere is the outer
part of the Earth—land, water, and atmosphere—where all organ-
isms live. Primary producers haress only about one two-thou-
sandth of the light reaching Earth, yet this light powers life.

Organisms with chlorophyll account for the vast majority of
primary producers. Chlorophyll is a compound found in specific
plants, bacteria, and other microorganisms. It allows these organ-
isms to capture sunlight energy to produce carbohydrates from
inorganic material. These include simple carbohydrates called sug-
ars (saccharides), such as glucose. Complex carbohydrates are long
sugar chains called polysaccharides, commonly called starches.

“The process of using light energy to create carbohydrates from
inorganic compounds is called photosynihesis (from the Greek
photo meaning light, and sy + tithenai meaning to place fogether).
Carbohydrates consist of carbon, hydrogen, and oxygen. During
photosynthesis, organisms use light energy to disassemble carbon
dioxide and water molecules, rebuilding them into carbohydrates.
Because carbon dioxide and water have more oxygen than is need-
ed to make carbohydrates, the process also releases oxygen.

Note that even organisms with chlorophyll respire. They create
carbohydrates through photosynthesis, then use the carbohydrates
for the energy they need in the processes of life. If you look at
photosynthesis, you can see that it is a complementary process to
cellular respiration:

6CO, + 6H,0 + light energy. >CH,0, +60,

Thus, during photosynthesis, autotrophs use carbon dioxide,
water,and sun energy to create high-energy carbohydrates. During
cellular respiration, they consume oxygen and release low-energy
carbon dioxide. Through photosynthesis and cellular respiration,
carbon, oxygen, and water recycle continuously from inorganic to
organic form and back.

Cellular respiration as described above is acrobic respiration,
meaning respiration that uses oxygen. Some organisms exist in
environments without oxygen through anaerobic respiration.
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Anaerobic respiration releases energy for the processes of life
through chemical reactions that do not require oxygen. Anaerobic
respiration is not s efficient as aerobic respiration.

‘Without primary production—the photosynthesis in plants,
bacteria, and other microorganisms all over the world—you
would not have the oxygen you need for cellular respiration.
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You would also not have the carbohydrates you need for energy.
Humans, along with all other heterotrophs, rely on photosynthe-
sizing plants, bacteria, and other microorganisms for life. This
dependency is one reason why the health of the natural environ-
ment is a crucial issue. If pollution, deforestation, and other nega-
tive effects of humanity kill 2 substantial portion of the primary
producers, it would compromise the ability for all other life to
exist—including you.

Energy captured by photosynthesis powers life processes,
including growth, repair, movement, and reproduction. The sun's
energy moves from one organism to the next as heterotrophs con-
sume autotrophs or other heterotrophs. Ultimately, the carbohy-
drates break down as they give up energy to life processes, turning
into waste heat (entropy). The waste heat eventually emanates
back into space.

Chemosynthesis

What is chemosynthesis? How
is it similar o and different from

photosynthesis?

Ve ey i
b ey s s
Carbonydrates. But, noe al he
i s o
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et ey
g i
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Chemosynthesis is similar to photosynthesis because it produces | ASuprising discovery.
carbohydrates. Both chemosynthesis and photosynthesis are forms | DSceedan n e e
S i T 1 pci e o ey e | SR,
B o e N e ot et | et e
S okl 1 s s e ey
Chemosymihess difes from phorosynhesis because i does | Pes(cemiaam 7o

not use sunlight as an energy source. Instead, it uses chemical | dscweroiyuema
ert communtes s o

energy within inorganic compounds. I¥'s not as efficient as pho-
tosynthesis, and whereas the waste product of photasynthesis is | furemrocy

oxygen, the waste products of chemosynthesis are different. ey iy

‘Although the existence of chemosynhesis has been known for
some time, in 177, scientists diving in the submersible Alcin dis-
covered communities living around volcanic springs (hydrother-
mal vents) in the deep ocean. These communities live well below
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the reach of sunlight and rely on chemical energy from minerals
in the hot spring water. This was an important discovery of a
major biological community relying on chemosynthesis. In addi-
tion, there are “cold seep” chemosynthetic communites, where
primitive single-<ell organisms use methane from seeps on the sea
bottom, This process traps 2 lot of potential carbon dioxide, which
s an issue with respect o climate change
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The Ocean’s Primary Productivity D
S0 far in this chapter, you've leamed how energy enters living | rnd the answers as you read
systems. In the marine environment, two variables affect theavail- | & ot U ET
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other i the flow of energy. Let’s start with quantity—the total oo e 11
energy primary producers bring into the ocean—becauise this dic- | . s s TWrasa
tates how much life can existthere. We'll look atthe flow of energy P

in the next section. s i -
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sich, usable form. Specifically, both processes take casbon from | > 1%
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mentof primary productivity i grams of carbon per square meter e
of surface area per year. This is abbreviated as gC/m?/yr. Using egonsiae e mast
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Primary production is an important issue in food production,
both on land and in the sea. Because primary production brings
energy and matter into the biosphere, it is one factor that deter-
mines how much food an environment produces. Based on the
figures, then, you might think that land-based food production
would be the most efficient. However, marine and terrestral sys-
tems differ with respect to the biomass of the primary producers.
Biomass is the mass of living tissue. The biomass at  given timeis
called the standing crop. Scientists express both terms as mass.
Typically, the standing crop in the ocean is one to two billion
metric tons. On land, the standing crop is 600 to 1,000 billion metric:
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tons. This is a huge difference in the average standing crops. So,
how is it possible that the total primary production from marine
ecosystems is only a bit less than that of terrestrial ecosystems?

‘The answer is that the marine ecosystem cycles its energy
and nutrients much more rapidly. Hundreds of generations of
‘phytoplankion (the sea’s most important primary producers—more
about these organisms shortly) will grow, be consumed, and pass
their energy up through the trophic pyramid during the lifetime
of a single land plant. The rate of this photosynthesis-respiration
cycle is called fumover. Marine turnover is much shorter than
terrestrial tumover. The shorter the turnover time, the faster the
standing crop passes energy into the ecosystem.

In discussing primary productivity, scientists differentiate
between gross primary productivity and net primary productivity.
Gross primary productivity is the measure of il the organic
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‘material produced in an area by autotrophs. The primary produc-
ers use some of the energy for their own life processes and convert
the rest into biomass (issue and other organic material). Net pri-
‘mary producivity is the quantiy of energy remaining ater auto-
trophs have satished their respiratory nceds.

Net Primary Productivity  Totl Plant Biomass  Turnover
Ecosystem _(Onebillion metic tonlyess _(Onebilon gamo__(yers
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Plankton

Wiat s plankton? Wit s the diference between phytoplankton and
zooplankton?

Wit organisms are rspomsiie for mostofthe primsary producton i thesex?
What isa diatom?

Wiat isa dinoflagellate?

Waat isa coceolithophore?

Wit s picoplankton? What is its role in primary productivity?
Waat are cyanobacteria?

No discussion of primary productivity is complete without a look
at plankton because many are vital marine autotrophs. You may
already have an idea of what plankton is from Chapter 3. You've
also leamned the basic definitions of phytoplankton and zooplank-
ton. Chapter 3also discussed the neuston as the plankton subroup
that floats at the surface.

Plankton drift or swim weakly in the ocean and are at the
mercy of currents, tides, and other water motion. I¥'s important
to know that plankton are not a species, but include many species
from virtually every major group of organisms found in the sea.
Most are very small, but some, such as the jellyfish, grow several
‘meters long. Some organisms start life as planktonic larvae and
then leave the plankton community as they grow large enough to
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swim as nektonic organisms or attach themselves to the bottom as
benthic organisms.

‘The term “plankton,” therefore, doesn't describe a kind of
organism, but a group of organisms with a common lfestyle and

‘habitat. Plankton include autotrophs and heterotrophs, as well as
predators and grazers.

You already know that plankton consists of phytoplankton
and zooplankton. Phytoplankton are primary producers because
they photosynthesize. Zooplankion are primary and secondary
consumers that feed on phytoplankton and other heterotrophic
plankton.

‘The most important primary producers in the sea are phyto-
‘plankton. Phytoplankton account for betuween 92% and 96% of the
‘oceans” primary productivity. Marine plants, kelp, and other mul-
ticellular photosynthesizing organisms account for only 2% o 5%,
with the remainder from deep ocean chemosynthesis. Biologists

are still trying to determine how much chemosynthesis contributes
to primary production, which may be much higher than they cur-
rently think.

Because phytoplankton are responsible for more than 92% of
‘marine primary production, lets focus on four of the most impor-
tant kinds.

‘Diatoms are the most efficient photosynthesizers known. They
convert more than half the light energy they absorb into carbohy-
drate chemical energy. There are thousands of known species, in-
cluding bottom-dwelling (benthic) and planktonic species.

Frsue
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Diatoms are the most dominant and productive of the phyto-
plankton. They are photosynthetic organisms characterized by a
rigid cell wall made of silica. This cell wall, called a frustule, adrmits
light much like glass. This is an ideal cell material for a photosyn-
thesizer.

‘The second most abundant phytoplankton are the dinofagel-
lates. Dinoflagellates are (in most species) characterized by one o
two whip-like flagella, which they move to change orientation or o
swim vertically in the water. Most, but notall species of dinoflagel-
Iates are autotrophs. Besides planktonic species, other dinoflagel-
Iate species live within coral polyps and are the most significant
primary producers in the coral reef community. Because they can
reproduce rapidly, dinoflagellates are the principal organisms
responsible for plankton blooms,

Coccolithophores are single-cell autotrophs characterized by
shells of calcium carbonate. The shells are called coccolihs.
Coceolithophores live in brightly it, shallow water and in the
tropics. It's hypothesized that their translucent coccoliths protect
them by screening the light. Areas with high coccolithophore
concentrations may appear milky or chalky.

Microbial Plankton Ecology - Microbial plankton ecology
is now one of the most important topics in marine biology.
Besides the larger phytoplankton, scientists are concentrating
studies on extremely tiny marine bacteria, archaca and viruses.
Oceanographers have found that each liter of seawater contains
approximately 5 billion bacteria and archaea cells, and many
more viruses. There are 100 million times more bacteria in the
ocean than stars in the known universe, and there are a thousand
times more viruses than bacteria. The total mass of bacteria in the
ocean is thought to exceed the combined mass of zooplankton
and fishes. Further, if marine viruses were stretched end to end
they would span 10 million light years. In context, the total mass
of carbon in viruses is equivalent to the mass of carbon in 75 mil-
lion blue whales.

Traditionally, marine biologists considered tropical regions
relatively unproductive. This view has now changed with an
understanding of the role of picoplankion — extremely tiny (micro-
bial) plankton with sizes between 0.2 and 2 micrometers. This com-
‘munity may account for as much as 79% of the photosynthesis in
tropical waters and other marine habitats.

‘Many picoplankton are cyanobacteria, which are bacteria with
chlorophyll Recent research suggests that picoplankton play a sig-
nificant role in producing oxygen and taking up carbon dioxide. The
cyanobacteria are the most common type of bacteria in the ocean.

e on an Ocean Planet
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Limits on Marine Primary Productivity

Wit is a limiting factor?

How do nutrient availability and other variables in tropica, polar,
and temperate ocean regions affect primary productivity? What ocean
regions have the most primary productivity?

How doeslight availablity affct primary production?

Wiat is compensation depth? Why s it significant o primary
production in the ocean?

Just from looking around on land, i¥'s obvious that organisms are
more common in some places than in others. The same s true in the.
ocean. Different areas have differing limiting factors. Limiting factors
are physiological or biological necessities that restrict survival. Too
much or too lttle of a limiting factor wil reduce the population of
an organism.

Most autotrophs require water, carbon dioxide, inorganic nutri-
ents, and sunlight. In the ocean, water and carbon dioxide are

‘Cora reet producawy.
ot a efcent ecmysers

it
e | e bt T o s

coysens whe ey onpyis | and phosphorus compounds, on the other hand, can be limiting

serkions el ey bt | factors. Sunlight can be a limiting factor due to season, depth, or
aleesoy PR | water clarity

g fat evwithn e coa eral factors can limit the availability of inorganic nutrient
] Several factors can limit the availabilty of inorg; trients,

i e | A plankion bloom can deplete the nutrients available in a region.
sty e sapicay | Plankton blooms are periods of very fast growth of numbers of
cearvesamurd o s a particular plankton species. The bloom deprives other species,
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the plankton, and themselves of nutrients by consuming them too
rapidly.

In extreme cases, plankton blooms consume all the oxygen and
release toxic by-productsin such amounts that ish and other organ-
isms cannot survive. Often the general public calls such events “red
tdes” However, not all of these events are red, nor are they assoc-
ated with tides. Marine scientists call them Harmfil Algal Blooms, or
'HABs. Chapter 18 goes into more detail about these.

‘Plankton blooms occur naturally, but they may also be caused
when pollution suppliesa nutrient that s normally limited. Nutrient-
rich pollution removes nutrients as a limiting factor, allowing the
plankton to overpopulate.

'Depth can limit nutrients. Dead organisms that would normally
provide nutrients can sink below depths that sunlight can reach,
making their nutrients unavailable to photosynthesizers. This cre-
atesa limiting factor until normal water motion brings the nutrients
back to shallower water. However, water temperature can interfere
with normal mixing. Waters of different temperatures resist mixing
because they have different densities, which sets up a thermocline.
“This thermocline often traps nutrients in cold, deep water. Tropical
waters tend to have low productivity because although there’s
ample sunlight and carbon dioxide, the warm upper water layer
traps nutrients in the cold layers that are too deep for photosynthe-
sizing autotrophs. To learn more about water layers in the ocean,
see Chapter .

On the other hand, in the Arctic and Antarctc, there's little
temperature difference between shallow and deep water, allow-
ing nutrients o cycle to shallower water more easily. In temper-
ate regions, coastal areas tend to have more primary productiv-
ity because there are more nutrients from rain run-off and
because shallow water keeps them from sinking
below the productive zone. Water movement
also brings up nutrients from decp water.
Chapter 8 provides more information
about this process.

Besides depth, location can affect pro-
ductivity. Coral reefs are an important
exception to the low productivity of tro
cal waters. Coral reefs are the most efficient
ecosystems on Earth. Unlike most marine eco-
Systems, which rely on phytoplankton as their pri- =
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‘mary autotrophs, coral reefs ely on dinoflagellates. g son

that live within coral tissue. This i 2 topic you can  Bissertes Biev1e0

learn more about in Chapter 5. T N ——
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Although coral eefs are very effcient ecosystems, they make up
Jess than 1% ofthe ocean's surface area. And,the coral ref ecycles its:
nutrents eficiently, with very litle loss o the open sea.

“The regions extending westward from northern South America
and northern Africa are also an exception to the relatively low pro-
ductivity typical of tropical waters. These regions receive nutrients
and cooler water from currents upweling from deeper i the ocean.
This isa topic you can lear more about in Chapter 11

Some of the highest productivity takes place in the Antarctic
Convergence Zone. Productivity can be well over 200gC/m?/year.
Long summer days, water movement bringing nutrients o shallow
water, and mineral runoff, cause explosive productivity. However,
the short summer season makes this high productiviy short lived.
Interestingly, the Arctc doesn't have comparable productivty inter-
vals because the Arciclacks 2 landmass comparable to the Antarctic.
Without the landmass, there are fewer minerals in Arctic waters.

In temperate regions, productivity fluctuates with the scasons.
During the summer, a warm-water upper layer traps nutrients in
docper water, but this layer disappears in the winter. Water motion
from winter storms allows deep water nutrients o return to shal-
lower vater. During the spring, longer daylight hours combine with
these nutrients for explosive phytoplankton growth.

Because of nutrient availabilty, th greatest total primary produc-
tivity occurs in near-shore temperate egions and southern subpolar
waters. Typical productiviy i the temperate zone i 1206C/m/yr.

Besides nutrients, another factor that can affet primary pro-
ductiviy is light. The example of the Antarctic Convergence Zone
demonstrate this facor. Although the zone has optimum nutrient
availabilty, seasonal sunlight limits ifs productivity. The amount of
daylight affects photosynthesis and primary productiviy.

Depth also affects photosynthesis and. primary productivity.
‘Chapter9 covers more about how water absorbs light, bt the decper
the water, the less light s available. Suspended partcis and the
light's angle limit how much light penctrates water. Even in very
clear water, ltle photosynthesis takes place below 100 meters (328
et Too much light can be an isue, too. Phatonlittion takes place
when too much light overwhelms an autotroph. Therefor, some
autotrophs cannot photosynthesize when the water is too shallow.
Different phytoplankion specics have different optimal depths. As
light conditions change, the advantage shits from specis to specis.

Autotmphs produce carbohydrates and oxygen during photo-
synthesis, but as you recal, they also respire. They use the carbohy-
drates they produce, as well as some oxygen, for celular respiration.
The less light there i, the less photosynthesis occurs,reducing carbo-
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hydrate production. As you go deeper therefore, autotrophs produce
less carbohydrate

At some point, the amount of carbohydrates produced eactly
equals the amount required by the autotrophs or cellular respiraton.
This point of zero net primary production i called the compensation
depth. The autotrophs lack sufficient energy to reproduce (in mean-
ingful amounts), o there’s o food source to pass energy up the food
web. The compensation depth i typically the depth at witich about
1% ofthe surface light penetrates.

“The compensation depth varies with water clarity,surface distur-
bances, and sun angle. I phytoplankion remain below the compensa-
tion depth for more than a few days,they will de as they consume
the available carbohydrate more quickly than they create it. This
situation occurs during red tide and harmul lgal Blooms. Red tide
and algal blooms can abrupty block light from penetrating more
than a few meters. When conditions don't change within a couple
of days, the loss of light begins Killng decper phytoplankton.
“This causes local primary productivity to fal, removing the food
source for the ecosystem.
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Figure 4208
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Energy Flow Through the Biosphere PStuby QuesTiOns
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erotrophs. The hierarchy of what-eats-what can be illustrated with
a trophic pyramid, which is simply a representation of how energy
transfers from one level of arganisms to the next as they consume
each other.

Primary producers (mainly photosynthesizers) make up the
pyramid base. As discussed previously, in the ocean, the phyto-
plankton are the most important primary producers.

‘The first level of heterotrophs eat the primary producers and
photosynthesizing bacteria, These organisms are called primary
consumers. Herbivore s a term given to those first level heterotrophs
(animals) that exclusively eat plants.
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In the ocean, most phytoplankton are so small that the most
important primary consumers are the zooplankton. Zooplankton
are marine planktonic animals that eat phytoplankton or other
heterotrophic plankton.

The next level includes the secondary consumers, which eat
the primary consumers. In the ocean, secondary consumers feed
primarily on zooplankton. There are additional levels of consum-
ers above the secondary level. Each level in the pyramid eats the
organisms of the level below it
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Energy Loss Through Trophic Levels
W B il iy o s il

Each level in the pyramid has significantly less biomass than the
level below. This is important because energy is lost to entropy as
each level uses energy in ts life processes. The loss of energy from
one level to the next is substantial. Only about 10% of the energy
from ane level transfers to the next. For this reason, each level is
only abouta tenth the size of the level below. At each level, 90% of
the energy is lost o entropy.

As you can se, food fishes like tunas tend be quite high on the
‘pyramid. Because they are high on the pyramid, there’s a signifi-
cant energy loss between tunas and primary producers.

It takes approximately 10,000 kilograms of primary producers
to create every kilogram of tuna. This isn'tjust a biological curios-
ity It s  significant economic and environmental issue influencing
"how human society feeds tself.

Consider a land-based example. If you eat a vegetable, you're
eating a primary producer with only one level of energy loss.
Cattle are primary consumers, so eating beef has two levels of
energy loss. Tuna has five levels of energy loss. It takes a stagger-
ingly high level of primary production to get a given amount of
tuna versus vegetable o beef. As we face the issue of feeding the
swelling human population, determining the most energy-efficient
‘means of food production becomes increasingly more critical. This
is an issue revisited in Chapter 17 concerning the topic of aquacul-
ture — farming the sea. But, as you'll learn shortly, trophic levels
aren't the only factors involved with this issue.

Food Webs
What s a food web?

‘The problem with a trophic pyramid is that it s only a simple
‘model. It is a way o illustrate different levels of consumers and
energy flow, but in real lfe different organisms consume across
levels, not jus the level below. You may be a good example. When
you eat com you're a primary consumer. When you eat beef or
chicken you're a secondary consumer, and when you eat fish you
‘may be a fifth-level consumer.

“The concept of a food tweb better represents the flow of energy
through consumption in nature. A food web shows that organisms
often have different choices of prey and eat across the trophic pyra-
‘mid’s theoretical levels.

Ufe on an Ocean Planet
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Decomposition

Wy s it important that decomposition convert organic material back fo
an inorganic form?

Decomposers break down organic material into inorganic form.
‘These organisms take out the last remnants of usable energy from
organic matter to sustain themselves. Primarily bacteria and fungi,
they convert dead organisms and other organic waste into the
compounds primary producers use. Decomposition s important
because it completes the cycle of nutrients and matter. It renews
the inorganic materials (matter) necessary for energy to enter life
through primary production. Remember that within systems,
energy flows and matter cycles.

Bacteria and archzes, both very simple organisms, are the most
important decomposers, On average, there are 10° (1 billion) bacte-
ria per liter of seawater. They are the most abundant organisms on
Earth. Although you can't see these microbes, they are essential to
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life as decomposers (and as primary producers). Marine scientists
have yet to fully understand how archaca take in nutrients, multi-
ply,or what ecological role they play. Chapter 5 covers more about
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New Terms You Learned

+ aerobic respiration respiration that uses oxygen in
the reease of energy (p. 49)

+ anaerobic respiration respiration that does ot use
oxygen in the release of energy (p. 4-10)

+ Antarctic Convergence Zone an ares located at
approximately 50 o 60" south latitude where the
nutrient rich Antarcic water sinks under the warmer
wWater of the more northen ocean (p. +20)

+ Archaea domain of prokaryots consisting of prmi-
tive organisms noted for being extremophiles
(p.417)

+ autotrophy the process of self-feeding by producing.
energy-rich organic compounds (carbahydrates)
(P47

« blomass the mass o iving tissue; tissue and other.
organic materialcreated by living systems (p. 4+-14)

« blosphere the outer part o the Earth—land, water
and atmosphere—whero al organisms ive; the hab-
table space on Earth (p. .9)

+ carbohydrate an organic compound derived from
carbon, hydrogen, and oxygen that s an important
Source of food and energy for organisms; the pri-
‘mary units of usable energy in living systems and a
Source of carbon used in an Organism's tsstes
(p.49)

+ call the smallest whole structure that can be defined
asa lving system (p. -4)

+ cellular respiration the process ofreleasing energy
from carbohydrates o perform the functions of lire
(p.47)

+ chemosynthesis the process of using chemicals to
create energy-ich organic compounds, such as carbo-
hydrates (p. +11)

+ chlorophyll compound that allows an organism to
s sunlight energy to convert inorganic material
into energy-rich organic compounds (carbohydrates)
(p.49)

+ coccolithophores single-celed auotrophs character-
22 by shlls of calcium carbonate (p. 417)

+ coccoliths calcium carbonate scales that surround
caceolithophores for protection (p. 4-17)

4-28 craplers U on an Ocean Planet

« compensation depth the depth at which the pro-
duction of carbohydrate by photosynthesizing
autotrophs equals the arbohydates the autotro-
phs need for celular respiration; at his epth, no
energy is available to pas tohigher trophic levels
(420

+ cyanobacteria a picoplankion bactera with choro-
phyll(p. +17)

« decomposers primarily bacteria and fungi that
break down organic materia into inorganic form
(p426)

« diatom microscopic,one-celed photosynthetic
plankton characterized by a rigid cel wall made of
silca (p. 4+16)

« dinoflagellates phytoplankion characterized by
flagella that allow them to orient themselves or
swim (p.417)

« energy the capacity todo work (p.4-4)

+ entropy @ messure of the disorder that exisi n
a system; the measure of how much unavailable
energy exsts i a system e o even distribution;
high entropy means low organization and low.
energy potential (p. 45)

« fixation the process of converting,or fixing, an
inorganic compound into a usable organic com-
pound (p. +11)

« flagella whip-like protrusion from a cel usee for
swimming, orietation o other motion (p.417)

« food web anllustation tha shows that organisms,
often have diferent choices o prey; epresents the.
flow of energy through consumption in nature
(425

« frustule silica cell wall of diatom (p. +17)

+ gross primary productivity the measureofal the
orgaic materialproduced inan area by autotrophs
iy

« Harmful Algal Blooms (HABs) inappropriately
calle e tdes;  rapi growth of crlin marine
algae du to the additon of nutientsin  localoff-
shore area (p. +19)

* herbivore an animal that ats plans (. 424)
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heterotrophy the process of obtaining energy-
rich organic compounds by consuming other
plants or animals (p. 47)

limiting factor a physical or biological necessity
that will imit an organisny’s normal function f
present in inappropriate amous (p. +15)
‘machine a combination of matter capable of
using energy to perform useful work; a device
with moving parts,often powered to perform a
sk (p.4-4)

net primary productivity the quantity of energy
remaining after autotrophs have saisfied their
respiratory needs (p. +13)

‘photoihibition the condition in which excess
light overwhelms an autotroph's abiliy to photo-
synthesize (p. 20)

‘photosynthesis the organic synthesis of arbo-
hydratesfrom light energy and inorganic com-
pounds (p. £9)

‘phytoplankton plankionic organisms that pho-
osynthesize;autoirophic plankion (p. 414)
picoplankton a community of extremely tiny
plankion (p. £17)

plankton bloom periods of explosive reproduc-
ton and growth of partcular plankion species
(p.418)

‘polysaccharide a complex carbohydrate starch)
(7. 49)

‘primary consumers the first level of heterotro-
phs that eats the primary producers and photo-
Synthesizing bacteia (5. 424)

primary producers autotrophic orgarisms
capable of synthesizing energy-ich organic com..
potnds from inorganic materia,effecivly intro-
ducing new onganic material into the environ-
‘ment that the primary consumers can ocd upon
and so forth (p. 49)

red tide extreme plankton bloom that makes it
diffcult for organisms to survive due to oxygen
consumption and toxin release (p. 4-19)
saccharide a simple carbohydrate (includes sug-
ars such as glucose) (p. £9)

U on an Ocean Planet

'© Current Publishing Carp. 2011

« secondary consumers organisms that eat primary
‘consumers (p. 4.24)

« standing crop the biomass, fotal weight,or energy
content of organisms ata given time (p. +-14)

« thermodynamics,second law of in a closed sys-
tem (one that et no new energy in or ou), order
decreases as time passs (p. 42)

« trophic pyramid a representation of how energy
transfers from one level of organisms to the next
as they consume each other (p.4-24)

« tumover the time required for the photosyrthesis/
respiration cycle in an ecosystem (. 4-14)

« zooplankton plankionic animals tha eat phyto-
plankton or other heterotrophic plankion (. +16)
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Chapter 4 in Review

1. How doos the second I of thermodynamics
el o the procose of 7 Lie ncreasos order
ather than disordor - how this posie it
out contradicing the second v of thermoy-
namics?

2. Dofin the terms prinary procucr,atsrophy, and
heterotrophy.

3. Compare and contmst photosynthes, chermos-
yothess, and coluar respiaton

4. Detino primary consuner and seondary consumer
Fow o they flao 3 tophic pyrami and in
food weo?

5. Explin whiat happens o onergy a it pses fom
o level of the rophic pyramid o tho noxt, and
iy tis s signiican. How docs i tend o
afect the number of organisms higher on the
ophic pyramid?

6. Compare the productivity of the land's and the
so's ccosysiems. Which is more productve?
Which & mor fficient”

7. List and oxpain th variabls tha afctpriary
productiviy. Describe the concept of conpers.
{on dpt, enat nappens to i 5 thse varabls
Change, and why compensation depth s impor-
{ant 1 an cosysiom.

5. What is plankion? What i piyioplakion and
why s i important to primary produciviy?
Which phytoplankion organimy & the most
imporiant?

Connecting Chapter Concepts -
Science Scenarios

1. Acconding to the second law of thermodynamics, a

osed sysem goos fom a st o order 0 @ ke

ofdisorder and eventaally will bav al mater and

Cnergy cverly disiuiod ihin i Icreses nordor

are local and temporay, and rquir an oxemal

energy source o oxst. Lie s a temporary increse n

Cndor s must cotan energy rom xtemalsoures.

‘A What i heprimary sorceof cnrgy or i,
a0 what s {1 proces it obains s energy
Whatolhr nergy source s use by  small -
ionoforganisms, and what s the proces rat
obtans 7

5. What s e diference beten an utotroph
and a hetrotroph,and whic o thee s called a
primary procucer? Wy do terimophs depend
Epon sutotrophs for exsence?

. How docs cxygen relte o nergy use by organ-
sms? Honedo photosynihess an the exstence
ofoygen eie?

. Isi possibl for ol respration o take plce
without cxygen?

Tiophic rlaionstips describe how cnergy moves

nrough fhe biosphero a5 primary consumers con-

sume primary producrs, and secondary constmers

Corsume primary consumers. Thi restonsip

Sometmes lstrate 35 trophic pyramid hat epre.

Sonisthe v of energy a5  ansirsfom ono vl

ofonganisms 0 thenext.

‘A About what percent of energy transers rom one
Jevel of e rophic pyramid theonesbove 7
Flow does i i the sz o th bomass of
eschovel com.pared i eve below 7

5. In theory,whal woud happen o e uppervels
of rophic pyramid if overfshing, pllution,or
2natural fcor aliminate il hecrganisms in
Jovel botwoen the ity procucrsand hose
ey

. What i the v withthe trophic pyramic
Concept?Hon doce a food web explai rophic
rlatonsnips?

D, Primary procuces so inorganic matrial <.
‘wollas sunorchemicalenergy o crese caro-
hycrates. By wha process docs organc mate.
i et  norganc form used b primary
producens
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Marine Science and the Real World

1. Without primary producers, we don't have the
Oxygen we nead to breathe, and toxic carbon
dioxide may accumulate. How does the defor-
estation of large ares reate 0 this issue? Why
might it be difficult for cultures with economic
development not o deforest?

2 It takes significantly more primary production
o make a kiogram of tuna than a Kilogram of
‘com or bee. However, the marine environment
s much more efcient in primary production.
There are other factors that give both environ.
menis advantages and disadvantages for agri-
culture. Discuss the possible problems and con-
siderations these isstes aise or someone who i
deciding whether to farm the land or the sea

3. Discuss why it s as much of a concen to dump.
large concentrations of nutrients in the ocean as
itis to dump large concentrations of toxins, (Hint:
Red tides are only part of the ssue)

© Curent Pubishing Cap. 2011
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How Human Activity Affects
Plankton Communities

Jankton form the base o the ood chain and, wihout them,fev other
i forms could suvive it ocean. Thi i ehy 1 0 pertant 1o
underand hne our acivite, patcladly the addion of mtrents

10 the marineenviroment i runof from frms and from wastwater, have

ere he dynamic f lankion communiies ”

Barbara K. Sullvan s currenly mssarhing whether lyish, in thee [N SRR GERIITRRUIVY

utien sriched waer, becorme amdant Snugh o consume sfficient s

umbers o arval fh o afct i populations. Considein the declne of

CommerialGaheie this s an Impofant question wih far eaching emvisen-

menial, culurel and economic amifations
“When 1 wa abos seven, my mother read e 2 book called Puffin

land where there was 2 ki who caphursd smugglers, saved puffn, and
camiet around a Ry litle o Fend in is pactets. He bad 8 inale

‘Sekick who di ot g anything, memorabl inthe iry I those ays s

Tarly 1ed adventures, bt that i ot i, e ron waning 1 have the

2 kind of fun someday” says Sullvan. My mother sl share her ove.

f natue with e s g v th outdoars. And, when somecns ave

iny G Sou toop a st anc lessons 12 5 it b ool 1 st

{he aitraction of csanography ™

“The most challenging par of Sullvan's carer is veriing the many
eserch proposal ecestry 1o btan the Funding 10 continus her work

Accding 5 Sulivan, | nec 1 ciain money o my own salay, for my

‘st salre, o et uiion fo bsts,an fo borakry el
Fowever, Sulvan has had some fun avel opportaiie, Inchading a

tp o Tasmania, Ausralie, whers she worked it lcal s famerson e

preblem they wers having with el She s o ridden i manned s

nersble, ot unmannc submersble with cameras and mt nteesing

Phople from all verth world

Sllivan's escarch focuses mainly on sooplankion ecoogy, especally
prcdatn rey inieactions in staies anl th coasalogpan, Kecnly, et

Tesearch ha inchuded the ncreasing nuibersofgelaingi pedators, .

ol chnesphorss, in Narragancts g in relabio o cimate chans anl

SHock of bt prdatonson 2 Sggs, i avayan zooplanion in

e Northess At Cannges Bank gion

P s conidefng caees in nain scieics, Sulliar Fas this 052,

It dogs tabe 2 willgase 1 work har, an keep workin at your goaly

somets gaine dissourdging odds. Gating a s backgmind n paic

encep e st s very inpoant, s & honing your sbilty 1wt and t

“penkn public

* Ufe on an Ocean Planet The Energy of e 4~1

© Curent Pubishing Cap. 2011




image3.JPG
A Bref History of Time (Batam Books, 1999 theoretcl physi-
cist Stephen Hawking writes, “The laws of science do not
distinguish between the past and the future.” Docs this mean

there's no difference between the past and the future? According to

Hawking, there most certainly is a difference. Fires don't suck the

heat out of a room, pull smoke out of the air, and assemble a piece:

of wood. People don't go from old to young Spilled milk doesn't
stream into a glass, which then pops upright and full

The explanation for this is the second law of thermadynamics
(though commonly referred to as  law, it s 2 actually a theory. See
Chaper 1). It says that n a closed system (one that lets no new en-
ergy in or out), order decreases as fime passes. Thermodynamics
is e of three “arrows of time,” according to Hawking, The other
w0 are psychology and cosmology: The psychological arrow is our
‘perception of time's direction from the past nto the future. The cos-
‘mological arrow is based on the expansion of the universe, which
is explained in Chaper 3.

Hawking argues that the thermodynamic arrow is essentialfor
inteligent life, and that lfe itself i temporary order among grow-
ing disorder:

I ordertosurvive, human beings have to consume fod, which is an

ordered form ofenergy, and conver it ino hea, which s a disordered

Jorm of energy... The progess o the human race in understanding

e universe has etabiched a small corner of arder i an increasingly

disordered universe.

As you'll se, this principle of physics, called entropy, or ran-
domness, appears o be the driving force of allfe in our universe.

D || Tt
S | [ —
L s somating all characteristics of life. Why do we say that fire isn't alive, but a
R WERS Ik e e tree is? Because the difference between life and nonlife seems obvi-

ous when we compare a fish and a rock, defining lfe would appear

2 Wy ey BRI || b imple. However, from a scientiic point of view, ifs not quite

3. Whatis the secand iaw of- s0 cut-and-dried. The same matter moves back and forth continu-
e iy s i | i ke O i et
4 siovaeste oo | | nothing distinguishes between matcr shat i ivolved in e pro-

IemogramSese e | | cesses and mater that is not. The carbon atoms in the breath you
o o et

ust exhaled do not differ from the carbon atoms in your tissue o 2
pieceofcoal,other than being part of adiferent molecular structure.
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Similarly, energy reactions found ina living system (an onganism)
also exist outside of lfe. For example, fire results when a reaction
releases chemical energy within substances. Living systems use
energy similarly—by releasing chemical energy for life processes.
As you're about t see,allife uses energy: Therefore, i’ possible.
to define “life” based on the characteristics living systems have
apart from nonliving systems with respect to matter and energy use.

Pgure 41
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Matter and Energy
What s semehing“alve? Wit makes e diffefom nle?
m—— D

Life requires both matter and energy to exist. While this i also true
of fire, the nature of matter and energy in living organisms differs
in many ways from matter and energy in nonlife.

The matter making up living organisms consists of about 13
of 118 known elements. Carbon, hydrogen, oxygen, and nitrogen

e on an Ocean Pianet
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account for about 99% of the mass of all living things. Ten others
account for almost all of the remaining 1%. Much of the hydrogen
and oxygen in lfe exist i the compound water.

‘These elements, in various combinations, account for all bio-
logical chemicals. These range from very simple sugars to DNA,
the most complex known molecule. Scientists recognize more thar
1.6 million different species. Some biologists estimate that as many
25 30 million may exist. Despite this huge number, al organisms
organize matter into biological chemicals and into cells. A cell is
the smallest whole structure that can be defined as a living system.
‘Some organisms consist of single cels; others consist of billions of
‘codependent cells. Either way, al life organizes matter into cells.

Here's the first way that fire differs from life: Fire consists of
matter (gases), but it doesn't consist of cells. It also lacks any other
structure that organizes matter in the way that living systems do.

‘Energyis defined as the capacity to do work. Energy is necessary.
for life because living systems use it to accomplish the processes of
life: reproduction, growth, movement, eating, etc. Organisms need
energy to break down complex molecules into simple molecules
and to build distinct complex molecules from simple molecules.

“The first law of thermodynamics states that energy cannot
be created or destroyed. Therefore, although organisms require
energy, they cannot create it. They can only transform it from one.
form to another and use it to perform useful work. All iving sys-
tems acquire energy from outside sources, which you'll learn more
o about shortly.

T Interestingly, a machine is a combination of matter capable of

o o using energy to perform useful work. Does this mean that living
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systems are machines? Arguably, yes. They're combinations of
matter capable of using energy to perform seful work. What sepa-
rates living systems from other machines is that they're the only
machines known that were nof created by human beings. And, at
least s0 far, they're the only machines that are capable of reproduc-
ing themselves.

‘This is a second way fire differs from living systems. A fire
results from the release of energy, but it is not performing useful
work in the sense that it doesn't regulate energy use or matter
acquisition to meet its needs. It simply burns the available fuel. A
living system uses energy for the processes of life, including creat-
ing the organization that fire lacks.

Entropy

Wikat is the second law of thermodynamics?
Hoxw does the second laxoof thermodynamics relte to the process of e?

Animportant law in physics s the second law of thermodynamics.
This law states that disorder increases with the passage of time. It
i the law that random processes lead to chaos and simplicity, not
order and sophistication. In essence, the second law of thermody-
namics says that the universe is “wearing out,” or moving toward
a state of disorganization.

‘The second law of thermodynamics is what allows energy
to perform work. Energy is useful because it flows from areas of
high concentration to areas of low concentration. It is this flow that
living systems can harness to perform useful work. Similarly it is
this flow that we use in everyday items, such as an MP3 player.
‘Whenever you use energy, taking it from one form to another
to perform work, there's a price. The price is losing the energy
as heat. Your MP3 player uses chemical energy from the battery
transformed into electrical energy and sound energy. The electrical
energy and sound energy ultimately transform into heat through
friction.

Eventually all energy and matter will be distributed evenly
throughout the universe, The distribution process isn't uniform as
it progresses, of course. There are areas with high order and others
with low order. Entropy (from the Greek en and frepein, meaning o
change)is the measure of how much unavailable energy exists in a
system due to even distribution. High entropy means low organi-
zation and low energy potential

Because living systems create order, it might seem that life
violates the second law of thermodynamics. This isn't the case.

e on an Ocean Planet
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