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WATER, CARBON AND NITROGEN CYCLE WORKSHEET/COLORSHEET @@é

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

THE WATER CYCLE . ) . , .
1. Name three important needs for water, -ph O‘t’OS?h"{T\’\'fS‘ = diogstion , e Hular r = H’Jt'f'r oA, halitets
2. How is water distributed through the biosphere? i o i< aloser o o r : ] -
3. What draws water back to the earth? Y‘O(\JHP = (143 uﬂ}\ 005 b [tlease. vio- hdhgplrahw
4. What is transpiration? uole v 1055 Vi IGVL% leaavres.
S. What determines which plants to grow where? precip +0rH D
6. What is an aquifer? yuonte - 5 A-H ¥ adedd %on( soll v rock=
7. Name two ways water travels from land to enter the ocean. <. PMF £From rouhd Lrn MG:\ ﬁﬂM Surfce.
8. What does runoff include? (v ve v .Ck;w » el D?Snowﬂeld wAlacieve
— 9. How much water enters the hydrologic cycle? TV ey %a/'

10. How much water falls back as rain'.:‘ga A

THE CARBON CYCLE C

of e voporated WOk
HO/N,P f, Fc,?:&«,e+c.,

]
1. What are macronutrients? Micronutrients? U secl ’blj 0"'3,5 - \q Cg'b% vs. Ty, 66{’ lj
2. What is the role of each of the following in the carbon cycl€? State an exarfiple of each,

a. Primary producers - Ny ¥Ticnds taken 1n b become or(Qq ic COW\FOUY‘G‘.S (67‘0@5)
er

.?r \Nﬂ\r‘u) cor\S_I;/Secondary producers - Cpnsue Privar oduce s (

CONON AW

¢. Decomposers- releage myxder al back Nohlivive Evirchment fearthw rm)
Where is most of the Earth’s carbon located and in what forma=—J i@ ron SInks ! hbdn) o o
How does carbon enter the biotic part of the ecosystem? p hotosuttaasis

What function do plants have in the forest in the carbon cyde?taie (. c1 5 —2 4|

How is carbon dioxide returned to the atmosphere? resp tration in pla his ﬂ

What is a primary producer? IO nts f

What happens when primary and secondary consumers die? Yoty endeyvs <ol

What do detritus feeders contribute to the carbon cyde?, o v lhon. '*D atmo l J\;_hcmh?‘ decaﬂl

,Stareh, cllulese,,,

10. What is a fossil fuel?c ot o |, rituval aas vnad
11. How does carbon get in the oceans?o\mh?: " aaza:g M AP T ol ovepnic merterial

THE NITROGEN CYCLE
1. What percent of the air is nitrogen? | B/
2. Why is nitrogen essential to life? covmponent of O g acids Lnuclea c. o«clcﬂJ ATF
3. How do plants and animals get nitrogen if not from the atmosphere? m’ﬁ"uﬂC& 15t M_') bacte riow
4. What are nitrogen fixing bacteria?convert n\"rroo)e,\, i~ S0{ Yo amMmoniay
5. What is a major reservoir for ammonia? <) | . .
6. Why do herbivores need nitrogen? o\ vvo acds, proleins , nucleic cxudr )
7. What is denitrification? 17 1rafes Ove broken aT LT ang nrl*mﬂer\ i releaged wdo
e hore. . .
THE PHOSPORUS CYCLE phospholipic BIIRLEE sugar prosphle bockbore,
1. Why is phosphorus an important biological molecule?Co V\npomhf' of ATP% wenFyme oF NAD? uSed in
2. What happens to phosphorus that erades from rock and soil? U nites w/ox\#?r\b form phos ¢ Phofogyntia
3. How are phosphates incorporated into the organic molecules in plants and an als?olerr bad nks san immas
4, What happens to the phosphates when piants and animals die?i'MU)OP Yook (ndo the {ake ¢ sat
5. What happens to the phosphorous that is carried by runoff to the oceans? & concenhrales tn tharine @da ScaleS L
6. How are phosphates incorporated Into the organic molecules in aquatic plants and animals?yuoter +o (T hone.
7. What is different about the phosphorus cycle as compared to the water, carbon, and nitrogen cy‘:lesjs;r An. ﬁ S"&

mmsphme.is not imalved in this C“j{lﬂ—-Oh'ﬂ bio, hjf,i ro,0p0
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LUCHAPTER ELEVEN

chapter 11-9; The Water Cycle

Water is the mout cbundont subsionce in living Things. The
human bady, for exampls, is compesed of ohoul 70% waler, end
|=|lyﬁs1\ are 95'5 wolor. Water pulhﬂpum ll'l mony lmpnrbm

induding ph
and eelluler respicafion. '™ dw the I\obilu! for mny specios o
plonts, onimals, and mi lsms, and il porficipotes in the
qtdmg of oll of tha mataricls used by living llmgs Woter is dis-
tributed through the bicsphers in a cycle known as the water, or
hydrologie eyeln. In this plate, we will exomine soma aspecls of
that cycle.

i In this plots, we show the biosphers and several
- arrows that show the. movement of wider through it.

Ovr primary emphasis will ba on.the ormows, ond -
* you should color them in darker colors then the elher
_ aspects of tha blosphere, *

We begin by looking ot the atmasghers, which includes the
clowds. When water vapor cools, it condenses and lolls ko Eorth
3 rown. For insiance, koak of the ammow labsied (A), or precipitc-
tion aver land: grovily drows the water bock to Eorth in the form
ol roin, slesh, and snow. Precipitation alse orours ever ecoans 1B),

Wahmbeg\nonr&mamdﬂ\lwlqudaby
shewing how waler reaches the Earth, We will now
sea how it is stored in living things belore it is
returned io the aimasphers. Confinue your meading
s yeu color e diagram, induding its orrows. |

The living things on Earth are represanted, in our diogram, by
ihe trees. Woter is absorbed by the rools of the frees and used in
phetosynthesis, but # is olso los) from their leaves thraugh tha
process of transpirotion [C}. Waler dlso rewims to the otmes-
phers through evaporalion from tha soil ond from numerous
oher sources, In penoral, the amaunt of precipilation received by
on orea helps determine what lypas of plonts will grow thers, The
naturs of |he vegetoion, in lum, delerminas the types of onimals
that inhabit a ragion,

‘Water from the fand enters the ocson through sespoge from
the ground [DJ; il parcolates rom the surface down to the waler
Iokle. This water-sciuroted zone of soil ond rock is colled on
aquifer, ond woler seeps from tha aquifer 1o the ocean.

‘Water oho reaches Ihe ocean os runoff from tha surface [E)
Rurolf from the surlace includas flow from rivers as well as mell-
ing snowfields md glociers.

Nowﬂw(vnhmnduuihulhawwuhrmadwﬂn
oceans, wo vill explons how it netyms 1o the almas-
" phere, complating tha hydrologic cysle. Coniinue
raading below as you complele your coloring.

The maijer reservoirs of woter on Earth ore the oceons.
Oceans cover obout threa-quarters of Earths surlaca and contain
about 77% of its water. Sclor rodiafion couses woler's evapora-
mzzgﬂitmm.zﬂmiﬁnwuﬁmuhdwhﬁu

e enters tha cdmosphare in this way, ond about
52% of Ihnctlt back into the ocaons in the form of rain. The
romainder remains in the atmosphere os douds, ice crysiols, ond
whzlwvw:;ndﬂ\m pntip’;n:csmrlund.“oghn a global scale,
the quonlity of oceon water thet svaporaies YeOr is equiva-
lent 1o & bayer tho's 120 om desp ond covers the entire surfoce
of the ocean.
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chapter 11-10: The Carbon Cycle 2
o
Energy flows from ihe sun into tha biosphers, but nutriants do PManis are primary producers. In the course of plant con- (@)
niot anter the bicsphare lrom an autside source. Esseniiclly, the  sumptian [El, corbon posses inlo primary consumrs, onimals. c =
same pool of nultients hos circylaled for the billions ofyeorsthat  When arimel consumption [} occurs, or whan the prmory
the Earth hat been in Some nuirients, colled - e is waten, corbon posses ko o secondory consumar, rep” o>
iriens, are used by orgonisms in farge quantities, whils oihars,  resaniad by the ion in the plate. Respiralion [G) tokas ploce in «
micronulriants, ore used anly in froee quanilies, Mocranutrients calls of the primory ond secondary consumers, and carbon is -
includs carbon, hydrogen, tuygen, nitrogen, and phosphorus;  ralensed back inlo the environment o3 carbon dioxide. N
micronutrlents include iodine, iron, zine, and some cthers. When lhe primory and secondary consusmers die, their organ- H -
Both macronuirients and micronuirients are recycled; they are  ic mafter enlers the soil hrough the process of decay (H]. ¥ is =
passed bock ond forth between Iving and nonliving components  broken down by tha decompasers, or dulrilus faeders [, which
of the acosysiam in processas thel we coll biogeochemical cyches.  ore smalt animals and microorganisms thal subsisl on decoying
This plote and tha anes that foltow troce the pathways ofsoveral  matter such s fallen leavas, dead bedies, and onimal wasle.
lements through bingeachemical cydles, Earfhworms, mifes, canfipedes, insacts, ond crusloceans ore
N Tk o A : deritus feeders. Thus, respiration in detritus fasders 1) clio b
Tha prima focus of ihis plate.is en tho-arrows that rehirma corbon bo the oimophere. /
show how corbon ravels among componants of the’ P L b A R e i S o
biosphere. You should use darker colors for the Wa hava saen bew corbon cycles thmugh various b-
: S arrow e it ing things on Earili, We will now fum o a storoge 3
; * procass for carbon in the scil. Confinus your roading W¢ i
Materiol sub are incoparated o organic compaunds . below a3 you complet tha plate: ﬂNu 5
rxnai_u-&cﬂq..g%s}u:oﬂ;&ru 00 £
Jary and decomposers are ulimately responsi- Throughout history, much coron hes been converted to fassl J i
ble for celoasing the moterial bock inte the nonkying environment. fuel ). High pr and lemperahy ferm corbon-con- g_ ¥
Wa will bagin our siudy of the carbon cycle with the otmes- Ew.goanannﬁan..a_oooo_.o.._.namgzl gas. Fossil fuel JJ@\!
phers (&}, which is Earth's mojor reservoir chearbon, intheform  processing (1) lollows. There are mony uses for Fossil fuels {M). 5 (; 1
of corbon dioxids. Carbon sners the biotic (iving) part of the  Some: pawer planls genercle eleciricily using fossil fuels, and )
acosysters through [B). W suggest o green color hilas ore p d by gasoline. The products of the conf® <~ AR
for tha arrow. Planls of 1 1 (€) toke the earbon in carbon bustion {N] of fossil huels incude corbon dioxide ond r O W ! Ly
dicxide and fix it in organic compounds such o3 tarch, earbon commpounds Ihal enler tha afmosphers. Carbon ol ww W i .. F \ g s
raler. Respirofion in plants anters the environment from the burming of wood and plants that ¥ ! \& ¥ 4 3 Iy \\_.
aimoiphere; an arvow shows this  accurs during forest fires [0]. 39 -] T 1f P /
>m=131nn_u_=_n8}5n<n_o=5_s-1__§m=nw D\U r :
: oﬁ-ﬁ&-iﬁoﬁnﬂﬁ.m&iﬂ&gn—i&??a?%&w Q T H ~ . iy
: Wea have sean how carbin enters tha cycle of living solhves 1 acaans ond combines with colcivm to form colélum o s A K
1 things throvgh pholosysthesls, and we will now see Sorbonare, which s incarponuted inlo ihg ghells of moftusks ond [ ) -
how Hnﬂsto._rq!@.in:u life: forms.- Canfinue “_rnqtrl”oﬂrqﬂ_ﬁz_rﬁ &__..ano___“.n_oﬁ‘.. ﬁ_ﬂaﬁo \t ‘N e | n&.} K
! bekow o3 - - imestona, ; me, dissolves as it is r , s, e B )
your readingbelow o yow esor, - Conbiom ie veleated From ihe limesiors ond may vatuen bo the e\ K| (ant % Tirve; He, e
RAVATR ) He :
AHAE combinss wivastr 1o iy : = _ s
' ..@ Y Ocean- €04 & Ca—> Colctwm Carbovete Os_.é«&..@écmnﬁ: e »
4 e ] - ; The Carbon Cycle
: T U ak carbonic ok, M\m_\ﬁ is of marvae o.dmvw ALMOSDNEFE ..o e A O Respiration 1n O Fossin Fuel
o e Photosynthesis ........ 8 ANTHATS ovmerrconmneeos ¢ Processing «o-.co.oevns Lo
! ﬁ;\g i & v %qg S ] deas H :
il & ? 03] oSFs IV : FOPBSE . ovuruneeaiannns ¢ ‘ Degay aanerarittnr s @ Uses for Fossi] Fue) ..M
“" eSg\ w ﬁ% Le S F\ﬂg&m\__‘05m\ | @ Respiration in Plants..p @ Detritus Feeders ... I @ Products of |
e loMms +@ © @@ Plant Consumption...... g © Respiration T RIATE Combusthon ..q&i.. aly N
RNQ.\P\\F v 69:__-_.\7) ﬁ.b.ﬂg@ k\ e splves ! @ Ammal Consumption ....F - MMHMH.SS _..o«u: vd O Forest Fire.....c...... 0
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fcHAPTER ELEVEN

Chapter 11-11: The

Jn important procats in scosyshems 15 tha recycling of nitregen
fhrough its lving fbiolic) and nenliving [obietic) componants. The

living components, or bialo, of the participate in he
nitrogen eycle in @ number o ways, 03 you will see in this plole.

_*fgms.ta_inrs;‘%i. nolice hot we
show the various woys in which nitogen ccles
through ncturs. As you color the plote, the crrows
should be emphasized.

buildi U_mnﬂn

imotely 78% of the oir is compased of dial
Dﬁ ﬂ._ U—-&_o gen. Ni n.._o_..v. ....o.:ur; ilis o hey a.“.__n:_.._”.q
07._Pvl i nn._n_uo..n_%mu.m‘ghm the bosic energy cur

Wvg} Tving things, conlains nilrogen.

" Neither o aminals con oblin nilrogen direclly bom
the atmosphers {A). Irstead, they must depend on o pracess
colled nitragen fixation [B}. Key players in nitrogen fixotion are
_ma-_ {Ch ond iotic bocieria Ihal ars axsodichd with
r root nodules. Legumes include ¢! - peos, alfaffa, ond say-
boons. The bodieria cssocialed with thair ool nodules ore
! nitrogen-fixing } i (D). These bacterio convert nilrogen in
' the 3oil fo ammonio NHJ), which can be loken
lonts. The 75 ond The plont are in o symbionc relalionship.
gﬁ-ﬁn are olso ritrogen-fixing bocterio; they are promi-

nenl in aquatic ecosystems.

Wa have seen how nilrogen is brought info the blot-

ic componen of the ecoxystem via nilrogen-fixing

| vnn_nn.—o.iriasi?ocun:rgasou!r

3 ..\Krd.r cyched through the living aspects of the scosysiem.

N R
5

fp,_,/x. _ \W%K./\gowﬂ_frﬁ L 31.__.

ﬁ%.w(ﬁmn%??? NG 1t PN
; nvreo,muibmn—
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Milrogen is fixed into the soil through tha actions of free-living el o
bocleria and, ot we mentioned chove, theough bacteria that's o
aied with root nodules of legumes. Both of thesa methods B m
of fixing nilragen lead fa its inconporation inko ia (NH) in >
the process known os ammenification {EL The scil & a mapr
reservoir for jo ond other nitrog ining £am- [gp]
paunds, Aber nilrogen has bean fixed, oiher bacleria convert it ~
it nitrate, in o process colled nitrificotion [FL b the Firs) step of O
wilrificalion, Nilr |G} convert wa ko nilrile ) -
1]

ond n the second step, nilrite is converied lo nitrole (N3,
Nitrebacter [H). Tha nitrale [NO,} is then consumed E .
as the diagrom shows, - p——

But not ofl plonis consume nilrate; o3 we mensionwd befors,
»E.iv_o:_.ﬂnaf_o-ocs?gin—-ﬁs?sﬂ_. In bath
coses, nitrogen enters the primary producers in the biolic com-
eunily. The plants moy then be consumed by animols 19).
Harbivores are the primary consumers, and tha nitrogen of the
plants s used for tha syrihesis of key organic compounds such as
amino ocids, proteins, ond nuchic acids.

W have seen how nilrogon 1 fixed in the 10il ond
aventually uilized by planis end then arimals. We
will now complete the cycla of nitrogen by thowing
fiowe it rafurns fo the otmasphere. Confinue your read-
Euﬁvoes_!}-miavﬂ.o-?v_u.?

The finch aspect of the ritrogen cycla is the process of denitri+ % 5 !
=ﬂ=83.qrw_u3n!:uvn;2=ﬁm$n<nmuq&.=_n§on.ﬁ v 5&6 . ”
baciwin, fungi, and ofher arganisms, Nilrofes in the soll ore o = T _- 1) "
Yroken down by thess org: and niragen is released inlo — = ZOul Y

the phare [A}. This completes the nitrog cyde. S y M G
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TCHAPTER ELEVEW

Mihough ailrogen and carbon xisl a3 gases, ceriain wlaments
that cyele in the biosphere do nol exist m goseaus form. These
elamenis accumidate in racks end swil, and participole in whot
ars colled biogeochamicol Q.n__w.

VO ATMOSPHERE
Chapter 11-12: The Phosphorus Cycle

Among the elements thal

cium, sulfur, mognesium, ond _u_..nw.t_..azx. As you wilt saz in this
plate, phosphorus 1s ona of the key elemants in argonic matier.

In this plate, we will Follow the s.n._._..m of phosphorus
in nalure. The arrows should be the most prominent
teatura in tha lingl, colored drowing.

fientory cycles ore cal-

The plont ix the primery praduser in the phaspharus cyche, The
phosphole is concentrated in plant issuas [€), and then the plont
is consumed (D} by an onimel, which is seen grozing i3

Phosphaas oro refumed fo the lake when the plonts and eni-
mols die. Plant waste IF} and animat waste |G} retum phasphale
10 the waler, Oncs ogain it may be recbsorbed by plants thot line
the lake, and it enters the cyela ogain.

‘. Haning explared the passage of _u_..o_vru_e. through
various aspects of the biosphere; wé now um ks tha

Phosphorus 13 ona of the crilical elemenis in biclogical

lacules. For pla, it is a 1 of adencsine Iriphes- Lorge omounts of phowphorus are corried by rivers and
phats_AYP} and the ccenzyme. , which are wsed in
imparion) cellular processes such a5 thesis. Phospharus

s clso prasent in the sugarphosphale
ond is an essantiol element of E.m.. which moks up ha

cell membrane.
The main ressrveir of !

bagin

.y

Fucmic ceids,  then

irales in maning

maring t lo ses how phosphorus c
._rl-.nns_.nznéﬂn&ano:.oc n&o.._rnv_n_u.

streams as runoff ta the aeean {H). Phosphorus exists in the form
of phosphote hera, o5 m..n_o-.. on fand. Much of this phosphote

and sail, s0 we wil

rus and weshing il

woler rushes over rock,

inbo rivers ond slreams. I.oi.o_u_u.._.it.r with crygen to form
phesphate end enters o mojor

os a loke.

In the plate, we see plants growing along the border of the
givas vp it phosphates,

foke, Here, tha woler

bedy of waker, depicted here

wenan in the form of excrement.

s we heve saon, the almosphera is not involved in tha phos-
phona cyde, In order for he phospherus to leave the oceanic
arwironment, gecogic upthrust must oceor. Uplhrustis the process
sadimantary cock rich in phos-

which ore

is eventually incorporaled inio the badies of matina animals swch
as fish, For nxample, the scoles and bones of bony fish contain
phosphorus. As is the cuse on lond, primary producers in the
oceon incorporake phosphales into ergonic compounds, Thase
primary peoducers ara oten by fish and clher irvertebrates. For
inslance, seo bieds consume the fish ond retum phospharus to the:

R,

0. Some of the phosphote

absorbsed by the plonis {B) and used in the synthesis of organlc  through which once-sub
s, Some af the phosphaies olia enter tho sofl nlong tha  phorusis expased b the
gins of the lake. Disshved phosphet s readily absorbed by This rock than snlers The tarestnol ocosyslam and begms lo
the rocls of planis, concentroled by cyonobaclena and profisis  waclher, paricipating in tha phasph

t of the Eorth's plotes.

cycle.
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