WATER, CARBON AND NITROGEN CYCLE WORKSHEET/COLORSHEET

Directions; Color and make a key for each biogeochemical cycle.
As you read about each cycle answer the following questions:

THE WATER CYCLE
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a.

Name three important needs for water,

How is water distributed through the bicsphere?

What draws water back to the earth?

What is transpiration?

What determines which piants to grow where?

What is an aquifer?

Name two ways water travels from land to enter the ocean,
What does runoff include?

How much water enters the hydrologic cycle?

How much water falls back as rain?

THE CARBON CYCLE

1.
2.
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10.

13,

What are macronutrients? Micronutrients?

What is the role of each of the following in the carbon cycle? State an example of each.
a. Primary producers

b. Secondary producers

¢. Decomposers

Where is most of the Earth’s carbon located and in what form?
How does carboen enter the biotic part of the ecosystem?
What function do plants have in the forest in the carbon cycle?
How is carbon dicxide returned to the atmosphere?

What is a primary producer?

What happens when primary and secondary consumers dia?
What do detritus feeders contribuie to the carbon cycle?

What is a fossil fuel?

How does carbon get in the oceans?

THE NITROGERN CYCLE
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What percent of the air is nitrogen?

Why is nitrogen essential to life?

How do plants and animals get nitrogen if not from the atmosphere?
What are nitrogen fixing hacteria?

What is a major reservoir for ammonia?

Why do herbivores need nitrogen?

What is denitrification?

HE PHOSPORUS CYCLE

. Why is phosphorus an important biological molecute?
. What happens to phosphorus that erodes from rock and soit?

How are phosphates incorporated into the organic molecules In plants and animals?

. What happens to the phosphates when plants and animals die?

. What happens to the phosphorous that is carried by runoff to the cceans?

. How are phosphates incorporated inte the organic molecules in aquatic plants and animals?

. WWhat is different about the phosphorus cycle as compared to the water, carbon, and nitrogen cycles?




~ CHAPTER ELEVEN

Chaﬁtér 11-9:

Water is'the niost abundant substance in living things. The
human body, for example, is composed of about 70% water, and
jellyfish are 95% water. Wader parficipates in many important
biochemical mechanisms, including photosynthesis, digesfion,
and cellular respiration. It is also the hebitat for many species of
plants, animals, and microorganisms, and it periicipates in the
cycling of all of the metterials used by living things. Water is dis-
fributed through the biosphere in o cycle known as the water, or
hydrologic cycle. In fhis plate, we will examine some aspects of
that cycle.

In this plate, we show the bicsphere and severdl
arrows that show the movement of water through it.
Qur primery emphasis will be on the arrows, and
you should colorthem in darker colors than the other
"aspects of the biosphere. ‘

We begin by fooking of the atmosphere, which indudes the
clouds. When water vapor cools, it condenses and falls to Earth
as rain. For instance, look at the arrow labeled {A), or precipita-
tion over land; gravity draws the waiter back to Farth in the form
of rain, sleet, and snow. Precipiiation alse occurs over oceans (B).

We have begun our cflscussron of the wc:‘rer cycle by
: showmg haw Wofer reaches the Ecxrth We will” now-
. see, how. it is: sfored in- |wmg f}‘nmgs before it .is
. refurned io the ufmosphere Continue your rencflng
_ds you color fhe diagram, mcfudmg ifs arrews.

The living things on Earth are represented, in our diagram, by
the trees. Water is absorbed by the roos of the frees and used in
photosyrihesis, but it is afso lost from their leaves through the
ptocess of transpirafion {C). Wafer alse returns io the ofmos-
phere through evaporation from the sofl and from numerous
other sources. In general, the arount of precipitation received by
an area helps defermine what types of plants wilt grow: there. The
nature of the vegefation, in turn, determines the types of animals
that inhabit a region.

The Water Cycle

Water from the land enters the ocean fhrough seepuge from
the groond (D); it percolaies from the surface down to the waoter
toble. This water-saturated zone of soil and rock is called an
Qquﬁer and water seeps from the aquifer to the ocean.

Woater also reaches the ocean us runoff from the surface (B).
Runoff from the surface includes flow from rivers as we” as melt-
ing snowfields and glaciers.

Now that we have described how water reaches the.
oceans, we will explare how it returns fo the atmos-
phere, completing the hydrologic cycle. Continve
reading below s you complets your coloring. - -

The major reservoirs of water on Earth are the oceans.
Oceans cover about three-quarters of Earth’s surface and confain
about $7% of its water. Solor radiation causes water’s evapora-
tion from the ocean {F). Over 80% of the evaporated water in the
hydrologic cycle enters the afmosphere in this way, and cbout
52% of this falls back info the oceans in the form of rain. The
remainder remains in the cimosphere as clouds, ice crystals, and
watter vapor and then precipitates over land. On a global secle,
the quantity of ocean water that evaporates each year is equiva-
lent to a layer that's 120 cm deep and covers the entire surface
of the ocean.
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TER ELEVEW

Chapter 11-10: The Carbon Cycle

Energy Hows from the sun info the biosphere, but nutrients do
not enter the biosphere from an outside source. Essenfially, the
same pool of nuirients has circulated for the billions of years that
the Earth has been in existence. Some nutrients, called macronu-
trients, are used by organismis in large quantities, while others,
micronulrients, are used only in frace quunfities. Macronutrients
include carbon, hydrogen, oxygen, nitrogen, and phosphorus;
micronutrients include iodine, Eroh, zing, and some others.

Both macronutrients and micronutrients are recycled; they are
passed back and forth befween living and nonliving components
of the ecosystem in processes that we call biogeochermical cycles.
This plate and the ones that follow trace the pathways of several
elements through biogeachemical cyc_les.

This primefocus’of this plafe s o the arrews that
.. show Kow: carbon travels among componers of the
"bi‘c>sip§1e‘r‘w T Yeiu t'sihf)uid _‘USE_", ddfkéﬁ. éélér:s‘,for.-r_hq',_

Material substances are incorporated inté organic compournds
by primary producers. Primary producers are then consumed by
secondury consumers, and ciecompc‘:sers are u[ﬁrncz%e[y resporisi-
ble for releasing the material back into the nonliving environment,

We will begin our study of the carbon cycle with the atmos-
phere [A), which is Earth's major reservoir of carbon, in the form
of carbon dioxide. Carbon enters the biofic {living) part of the
ecosystem through photosynthesis (B]. We suggest a green color
for the arrow. Plants of the forest (€} take the carbon in carbon
dioxide and fix it in organic compounds such as glucose, starch,
cellulose, and other carbohydrates. Respiration in plants (D)
refurns carbon dioxide fo the atmosphere; an arrow shows this
process. -

) Wéj“ht;i’e, 's'éen how .c;_qr:bo_ﬂ ‘enfér:s‘fhe_ Ey;b oF IMng '
things throdgh photosynthesis, and .we will now see

how, it passes through various lite fc‘)r;n_s.,Co_nﬁn‘ué :

" your réading helow as you color. -

- Plants are primary producers. In the course of plant con-
sumption {], carbon passes info primary consumers, animals.
When animal consumpfion (F} occurs, or when the primary
consumer is eafen, carbon passes o o secondary consumer, rep-
resenfed by ihe lion in the plate. Respiration (G) takes place in

cells of the primary and secondary consumers, and carbon is.

released back info the environment as carbon dioxide.

When the primary and secondary consumers die, their argan-
ic matter enfers the soil through the process of decay (H}. It is
broken dewn by the decomposers, or defritus feeders {1}, which
are small animals and microorganisms that subsist on decaying
matier such as fallen leaves, dead bodies, and animal weste.
Earthworms, mites, centipades, insects, and crustoceons are
defritus feeders. Thus, respirafion in defrifus feeders 0 alse
returns carbon to the aimosphere. -

- Werhave seen how carbon cycles through varjous liv-

ing things on Earth, ‘We will now:turn fo q storage
process for carbon'in the sail. Confinve your rending -
befow as you complete, the plate.. T

Throughout history, much carbon has been converted to fossil
fuel [K). High pressure and femperaiure fransform carbon-con-
taining crganic matier into coal, oil, ard natural gas. Fossil fuel
processing (1) follows. There are many uses for fossil fuels (M).
Some power plants gensrate electricity using fossil fuels, and
avtornobiles are powered by gasoline, The products of the com-
bustion {N} of fossil fuels include carbon dioxide and other
carbon compounds that enfer the {meosphere__ Carbon dlso
enters the environment from the burning of wood and pants that
occurs during forest fires (O).

A findl aspect of the carbon cycle that we will exarmine is
exchange with oceans [P). Some carbon dioxide from the dir dis-
solves in oceans and cornbines with calcium to form calcium
carbonafe, which is incorporated info the shells of mollusks and
other crectures. When these shells deccxy, The}r transform info
limesione, which, over fime, dissolves as it is axposed fo waler.
Carbon is released from the limestone and may refurn fo the
atmosphere. '
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PTER ELEVEN

Chapter 11-11: lhe

An imporfant process i ecosystems is the recycling of nitrogen
through iis living {biofic] and nonliving {abiofic} components. The
living components, or bioka, of the ecosystem parficipate in the
nitrogen eycle in a number of ways, as you will see in this plafe.

Approximately 78% of the air is composed of diatomic nitro-
gen. Nitrogen is essential to life because it is @ key component of
amino acids and nucleic acids. Even ATP, the basic energy cur-
rency of living things, contains nitrogen.

Neither plants nor animals can cbiain nifrogen directly from
the aimosphere {A). Instead, they must depend on a process
calted nitrogen fixation (B). Key players in nifrogen fixation are
legumes (C) and the symbictic bacteria that are associated with
their root nodules. Legumes indlude clover, peas, alfalfa, and soy-
beans. The bacteriu associated with their root nodules are
nitrogen-fixing bacteria [D}. These bacteria convert nitrogen in
the soil to ammonia (NH;}, which can be taken up by some
plants. The bucteria and the plant are in a symbictic relctionship.
Cyancbacteric: are dlso nitrogen-fixing bacteria; they are promi-
nent in aquatic ecosystems.

Nitrogen Cycle

Nitrogen is fixed info the soil through the actions of Free-living
bacteric and, as we menfioned cbove, through bacteria that's
associated with roof nodules of fegumes. Both of these methods
of fixing nitrogen lead fo #s incorporation into ammonia {NH,) in
the process known os ummonification [F]. The soil is o major
reservoir for ammonia and other nifrogen-containing com-
pounds. Afer nitrogen has been fixed, other bacteria convert it
info nifrate, in a process cailed nitrification [F). In the Hrst step of
nifrification, Nifresomonas {G) convert ammonia to nitrife ING,),
and in the second step, nitrite is converfed to nitrate {NO,}, by
Nitrobacter (H). The nitrate (NQg) is then consumed by plants (Y],
as the dicgram shows.

But not alf plants consume nitrate; as we mentionad before,

some plants are able fo use the ammonia from the soil. In both
cases, nitrogen enfers the primary producers in the biofic com-
munity. The plants may then be consumed by animals {J}.
Herbivores are the primary consumers, and the nitregen of the
plants is used for the synthesis of key organic compounds such as
arino acids, profeins, ond vudsic acids. ‘

The final aspect of the nitrogen cyde is the pracess of denitri-

. fication (K). This process is performed by a variety of microscopic

bacferic, fungi, and other organisms. Nirates in the soil are
broken down by these organisms, and nifrogen is released info
the atmosphere {A). This complefes the nitrogen cycle.
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‘#TER FLFVEN

Chapter-11-12: The | Phosphorus Cycle

Although nitrogen and carbon exist as gases, certain elements
that cycle in the biosphere do not exdist in gaseous form. These
elemenfs accumulate in rocks and soil, and participate in what
are calied biogeochemical cycles.

Among the elements that undergo sedimenrory cycles are cal-
ciurn, sulfur, magnesium, and phosphorus. As you will see in this
plate, phasphorus is one of the key elements in organic matter.

Phosphorus is one of the crifical elements in biological
molecules. For example, it Is @ component of adenosine triphos-
phate [ATP) and the coenzyme NADP, which are used in
important cellular processes such as photosynshess. Phosphorus
is also present in the sugar-phosphate backbone of nucleic acids,
ond is an essential element of phospholipids, which make up the
cell membrane. " )

The main reserveir of phosphorus is rack and soil, so we will
- begin the cycle with erosion from rocks {A). Erosion occurs as
water rushes over rock, dissolving phosphorus and weshing it
info rivers and sireams. Phosphorus unifes with oxygen fo form

The plant is the primary producer in the phosphorus cycle. The
phosphate is concentrated in plant fissues {C), and then the plant
is consumed [D] by an animal, whick is seen grazing (E).

Phosphates are refumned o the luke when the plants and ani-
mals die. Plant waste (F) and animal waste (G) refurn phosphate
to the water. Once again it may be reabsorbad by plants that fine

the lake, and it enters the cycle again.

phosphate and enfers a major body of water, depicted here .

as o foke.

I the p|cfe, we see picn?s growing along the border of the
loke. Here, the water gives up Hs phosphates, which are
absorbed by the plants (B} and used in the synthesis of erganic
molecules. Some of the phosphates also enter the soil dlong the
mﬁrgins of the luke, Dissolved phosphate is readily ohsorbed by
the roots of plants, concentrated by cyanobacteria and profists
such as Fuglena, and then incorporated into orgenic molecules.

= B

“Having explored ihie passage 8f phosphors ihreugh -

“iarious Gspects of the’ biosphers, We o furneto th
" ‘marine environment o sée how phospl’iorﬁs C}:/-dés -

- there. Continue your reading s you-color the plate. - - ——. - -

large amounis of phosphorus are carried by rivers and
sireams as runcff fo the ccean (H). Phosphorus exists in the form
of phosphate here, as it does on land. Much of this phosphate
then concentrates in marine sediment (. Some of Hhe phosphate

is eventucily incorporated info the bodies of marine animals sueh’

as fish. For example, the scales and bones of bony fish consain
phesphorus, As is the case on land, primary producers in the
ocean incorporate phosphates info organic cempounds. These
primary producers are eaten by fish and other invertebrates. For
instance, sea birds consume the fish and return phosphorus to the
ocecn in the form of excrement.

As we have seen, the atmosphere is not ivolved in the phos-
phorus cycle. In order for the phospherus o leave the oceanic
environment, geologic upthrust must occur. Upthrust is the process
through which once-submerged sedimentary rock rich in phos-
phorus is exposed because of the mevement of the Earth's plafes.
This rock then enfers the terrestrial ecosystern and begins to
wecther, parficipating in the phosphorous cycle.
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