@) UDESC
UNIVERSIDADE

. DO ESTADO DE
SANTA CATARINA

PROCESSO SELETIVO — 04/2026
Area de Conhecimento: Oceanografia e Geociéncias

PROVA ESCRITA — PADRAO DE RESPOSTA

QUESTAO 1: Quais sdo os principais processos costeiros responsaveis pela dindmica das praias
arenosas? Disserte sobre o tema.

Para elaboragdo da questao 1, foi utilizado o livro “GROTZINGER, J. P.; JORDAN, T. H. Para Entender a Terra. 6 ed. Porto
Alegre, Bookman, 2013. 738 p.”. A questdo utilizou o conteudo contido no capitulo 20 (Costas e Bacias Oceanicas), a partir

da pagina 572 até a pagina 581. O Print das paginas com o gabarito segue em anexo.

QUESTAO 2: Disserte sobre os fatores que afetam a produgdo primaria nos oceanos globais, levando em
consideragao os fatores espaciais e temporais.

Para elaboracdo da questao 1, foi utilizado o livro “TRUJILLO, A.; THURMAN, H. Essentials of Oceanography - 10th edition.
Prentice Hall. New Jersey (USA). Prentice Hall: 2010.”. A questdo utilizou o contetddo contido no capitulo 13 (Biological
productivity and energy transfer), a partir da pagina 371 até a pagina 378, e da pagina 384 até a pagina 388. O Print das
paginas com o gabarito segue em anexo.

*QO pradrao de resposta deve estar fundamentado nas bibliografias exigidas pelo Edital, para evitar problemas o professor
devera citar o capitulo/pagina do livro utilizado.

Membros da Banca:

Prof. Dr. Eduardo Guilherme Gentil de Farias Prof. Dr. Richard Simon Machado
Avaliador 1 Avaliador 2

Profa. Dra. Amanda Schuler Bertoni Prof. Dr. David Valenga Dantas
Avaliador 3 (suplente) Presidente da Banca
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Anexo 1.
Gabarito questao 1.
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Plano de acao para a Terra

20.1 Agrande inundagdo de Nova Orfeans

No dhia 25 de agosto de 2005, o furac i Katiing ate wgos ) saal <l
Fidrida como uma tempestacle de ¢ Ao | iatarlo 1) e
soas. Tres dias depors, no Golfo do Mexic e, 6 fure 30 Warslon
MOU-5€ BM UM3 tempestade momnstiyons de Catenoma S Cor
ventos maximos constantes de atd 80 krm/f e t .
dC‘tS Uﬂid(}‘i BT LT bCﬂE’[.lm p[‘mn:ﬁdn dai-.m
na Costa do Golfo, e ¢ prefeito de Nows Orlears ordenou urma
evaluacao obnigatdria da cidads serm precedentes

Quando o Katrina atingiu o continente a0 sul de Nova
Orleans em 29 de agosto, j4 era quase urma termpestade de

ajadm de alg
O (s d M

A dgua transbarda sobre um dique ac longo de Canal de MNavegacio de Inner Marbor 2 inunda a
area central de Nova Orleans. [Vincent Laforet $ooi/Getty images)
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riolis}, os furactes, por vezes, atingem o continente mais
adiante na costa do Atlantico. Em casos raros, podem
atingir a Nova Inglaterra, mas sempre sao de intensidade
menor em razio das temperaturas mais baixas da superfi-
cie ocednica. Os furacdes mais potentes de categoria 4 e 5
estao restritos a latitudes baixas.

As tempestades tropicais que se transformam em fu-
racoes podem ser monitoradas por satélites, e as condigbes
meteorolégicas dentro das tempestades podem ser inves-
tigadas por aeronaves. Pela insercao de muitos tipos de
dados em modelos de computador, os meteorologistas po-
dem prever o trajeto de uma tempestade e as mudangas de

sua intensidade até alguns dias antes dela chegar pocont-
nente com precisio razoavel. O Centro de Furacdes dos &
tados Unidos previu que o Katrina atingiria Nova Orlex™
na forma de um Rwracio grave trés dias antes do ever?

A modelagem das linhas de cost2

Os efeitos dos processos costeiros que acabames de e
crever sio melhor observados nas linhas de costa Onds
correntes longitudinais, correntes de maré e ressaca® e
teragem com os processos da tectonica de placas € com

esse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo UDESC 00022481/2026 e o codigo 40JMEF07.
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radones atravessam com dificuldade uma rus alagada de
N Orleans apeis 2 passagern do furacie Katrina, [James Megdsany
- Rty Images]

Felm 1 5ladre

U™ sisterna de diques antificiais,

N qf:gldn[; ?;an?s EVENLes catastrdficos sig rargs & Fiérh-
¥ale & pena se preocupar com :

e aleg, & a me-
2::’?:@ humana pode nga fornecer a QNGO Necessing, hig
alea? ;Iraz;. pr_odemm escapar dessas armeacas por boa m

4. Farem, no longo prazo, 3 histéa e o registia geo-

I9gico mostram que essas fargas raras e devastadaras, com o

1ernpo, cobrardo seu preco se nao est;
A0 Estivermm
forma adequada, ) i s

Sestuturas geoldgicas da costa para moldar as linhas de
et e multn!alas formas. Podemos ver esses fatores fun-
“eando nas linhas de costa mais populares - as praias,

kpraias

mﬁma.é uma linha de costa formada por areia e sei-
mnapralas podem mudar de forma a cada dia, a cada
Sy tada estagio e a cada ano. As ondas e as ma-
wipa. 1 Algumas vezes, alargar e estender a praia por

t&ﬁ?:sdmmﬁﬁ' de areia e, em oufros momentos, es-
+(ATeEando a areia,

Muitas praias s3o segmentos retilineos de areia va-
riando de 1 a mais de 100 km de comprimento; outras
580 pequenas faixas de areia em forma de meia hua entre
promontdrios rochosos. Cinturdes de dunas bordejam a
porgao interior de muitas praias; colinas ou penhascos de
sedimentos ou rocha bordejam outras. As praias podem
ter terrapos de maré — dreas planas e rasas entre a praia su-
perior & uma batra de arela mais externa — nos seus lados
voltados para o mar (Figura 20.12),

A ESTRUTURA DAS PRAIAS A Figura 20.13 mostra as prin-
cipais partes de uma praia. Nem todas estio presentes 2m

O P4ag. 04 de 26 - Documento assinado digitalmente. Para conferéncia, acesse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo UDESC 00022481/2026 e o c6digo 40JMEFO07.



A WYELITR =NSeeyTTESFY O T T
A

=

574 FARA ENTENDER A TERRA

-

IS

l"'_!1? 2

L‘j‘d[ Categoria de Saffir-Simpson de
| furacdes que atingem o continente | |Estados Unidos o perfors 2000-2001

* | Vventos constantes

Bl 119-153 » Categorla |

3 .h.._.:: i :_'. " -,|-J|-. L:.':.l_t;'?_':.:-’*,j.'\-'?:' E'.-;".T. I,.'.ﬁ-- T, "
ST AR L T e (e i [ .

F |

tkm/horal .

154-177 @ Categoria 2
178-200 @ Categorla 3
210-250 @ Categoria 4
Categoria §

o

rn = 1} T
L e g il
= m-u-.i-.l._ﬂk.'h.it S, e o I

 Ndo houve furactes atingindo os

FIGURA 20.11 w O furaches com origemn ne Cceana Atfintice Norte geralmente annger o
continente nas dreas ¢osteiras do sudeste dos Estados Unidos, inciusive nos Fstados da Costa
do Golfe. Os furacdes perdem energia 3 medida que s& movem através da dgus fria, entas
L numero de furaches que atinge o continente cai drasticamente para os Estados no centro e no

nordeste. (NOAA]

uma determinada praia. Mais externamente, esta a zona
da plataforma interna, limitada pela zona de surfe’, onde
o fundo torna-se raso o suficiente para que as ondas ar-
rebentem. A antepraia inclui a zona de surfe’; a planicie
de maré; e, exatamente na praia, a zona de espraiamenio”,
um declive praial dominade pelas ondas de avango e de
recuo, O pds-prain estende-se da zona de espraiamento
para trds, até ¢ nivel mais alto da praia.

O BALANCO DE AREIA DE UMA PRAIA Uma praia é um -
gar de movimento incessante. Cada onda move areia para
frente e para tras com 0 espraiamento e a enda de recuo.
A deriva litorinea e as correntes longitudinais movern a
areia para longe da praia. No bordo de uma praia, e tam-
bém ac longo dela, a areia é removida e depositada em
aguas profundas. Na parte continental da praia ou ao lon-
go de talésias marinhas, a areia e os seixos sdo liberados

pela erosao e repdem o material da praia. O vento que
SOpPEa na praia transporta areia, algumas vezes, para den-
tro da dgua ¢, oulras vezes, para a costa adentrs, sobre 0
continente.

Todos esses processos juntos mantém um balang?
entre adigdo e remogdo de areia, resultanda em uma praid
que pode parecer estével, mas que, na verdade, estd -
cando ¢ seu material em ambos os lados. A Figura 2014
ilustra o balango de areia de uma praia - a remogiv €2
adig@o de material por erosio, sedimentagio e lranspot®
Em qualquer ponto ac longo de uma praia, ha ganho &
areia por adigéio a partir das seguintes fontes: do M2
rial de erosdo ao longo do pés-praia; da areia que (%
4 praia por deriva litordnea e corrente longitudinak ¢ ¢
partir dos rios que chegam ao mar ac longo da costa ¥
zendo sedimentos, A praia perde areia a partit: 40 ‘-'3“[;""
que 4 carrega para as dunas de pés-praia; da de?
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7 -OLOGIA NA PRATICA

GE

A restaura(;ﬁa de praias funciona?

_ 4 pralas € UM problema enfrentade por rus

L A i Jjdades que passaram a apreciar a belexa réy
00 oraias € depe ndem delas para dat suporte ac
e c 20 desenvolviments econdmico. A eroslio de
o mlments motivada per processos naturais; no
_Ii-il‘]ﬁfgl:m a]gﬂ"'s casos, € intensificada por F'Tﬂ ticas de
A0S o sucesso que se propdem a preveni-ba.
ei!ﬁ"f'h?rm anies, cientistas e enge nheiros combinaram
i il ra Ccriat novas abordagens que levaram 2 um
o eSS Nd protegdo de praias.
0oz do Condade de Monmouth, em Neva Jer-

,'::m.r.ta atlantica dos Estados Unidos, estde entre

B estudadas de mundo. A modificagio humana

“_w raias comegeu em 1870 com a construgas da
'ﬁ::;apdg Nova York e Long Branch, O acesso pela fer-
:u:ﬂﬁ il @ desenmlﬂmen—t_n da turismo e, por fim,
’ nsporte pasa o trabalhe na cidade de Nova'York, que
i <gram A alterar a costa. hures de cancreto subsktu-
!E:“ pralas, © dunas de areia ¢ quebra-mares rechoses
.!;ll‘i]]]'l construidos a cada 400 metros, aproximadarmente,
arlongyy da linha de costa de 20 km do condade. Pouco
4 2ouch, nos préximos 100 anos, & Condade de Mon-
south Betreitou-se muite, até que guildmetros da costa
nam sem henhum bpo de praia de area As unicas
[FHids. para hanho eram enconatradas #m minusculos
lsas enhiados nos cantos feitos pelo muro de conten-
| fiveur quebra-mar. Tempestades de inverno em 1991
(1902 causaram danos censiderdveis a toda a inha de
asta do Condade de Monmeouth, movendo o calgadao
Hevilta para as ruas na forma de fragmenios despeda-
\zs. Ocorrerarn danos as residéncias 4 medida que o
o facilinente elevou-se sobre as praias quase ine-
entes e muros de contengdo insuficientes.
| B 1994, o Estado de Nova Jersey levou a 5eno a
Ma de uma solugie para o problema da eroséo nas
ip"?'“ ¢ pediu ajuda ae governo federal. O Congresso
USiquentenente autorizou o financiamento do maior
Hieto de restauragio de praias ja tentade no pais,
- ogendo 32 ke de costa no Condado de Monmouth,
| ade de Seq Bright a Baia de Manasquan. O proje-
'.aﬁzr:iial':ﬁ‘;éﬂ envolveu o bombeamento de all‘Eia de

das da costa suficiente para construir uma
|3 mfzt:;rada com 30 metros de largura e elevaqao de
LN Eupri.ﬂm do nwf.-i médio de dgua baixa. O projete
S g "Nt periddice das praias r-:'_staurlﬂ.dra_s e
g o 21108 durante 50 anos, a partir do inicio da
9 da praia em 1994,

CAPITULG 20 m COsTas € BaCIAS OCEANICAS 577
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Com indcio em 1994 e teremine etn {97, 57 praileee s
de metros edblces de arvia foram leambeados de apre
xitnadamente 1,5 km da costa, a um eusto de USE 210
milhies, Esse volume inictal de coloragda furneteu wn
suprimenta enorme de areia nova as praias de pove dem
12 municipios costeiros. Os primeiros locars restaurados
responderam bem, exiginde peucy aceéscime de arew
desde o inice do projeto.

No principio, ndo era evidente que o projets de
restauragao das praias do Condado de Monmouth
teria éxite. Algumas pessoas prevaram perda total da
arcia em wm and ou dois. Apesar disso, o projete teve
resultados bem melhores de gue tadas as expectatrvas.
s resultados feram acompanbades pelo monitora-
mento de mudangas no volume de areia ao longo de
um segmento de 13 km de comprimento da zona de
restaliragic.

Colocacas de aresa ma extrermidade sul da prina de Menmoudh,
no Condadta de Mormouth, Nowa Jersey (ELIAL Este projeto de
contrcie de eroslo por parte do-Corpo de Engenheios Jo Exar-
cito dos Estados Umdes inchuiu o formegimente penddico de
materiais as praas restauradas em calos de ses anos, poe um
periode de 50 anos [l 5. Asny Conp of Engineers, Diitsitorcle Moned ¥ovk]

| -
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A tabela anexa dd um sentido mais quantitativo das
mudancas sazonais no volume de areta ao longo da linha
de costa em funcdo da erosdo e deposigio por processos
naturais. O monitoramento da erosao e deposigao de
areia com base sazonal entre 1998 e 2004 gerou umn valor
médio por metros ciibicos de areia perdido (ou ganha)
por metro de costa (m’/m) em cada estagio. Quando
esse valor sazonal é multiplicado pelo comprimento de
13 km da linha de costa, a mudanca no volume da costa
{m”) pode ser calculada. Note que, no outono de 2002,
um volume adicional de areia, suprida de mode artifi-
cial, foi adicionado 4 linha de costa. Esse preenchimenio
de manutengio foi projetado para compensar a remogac
esperada de areia por processos naturais.

Mudangas no volume de areia para uma
extensdo de 13 km da linha de costa do
Condlado de Monmouth, Nova Jersey,
outono de 1998 a outono de 2004

Perda(—) ou
ganho {+) por Perda ou ganho
metrodelinha  totalaslongo da
de costa (m”) costa {m’/m) Periado
+1,41 +718.330 Cutono 1996
+0,16 +2.080 Primavera 199%
— 22,57 —-298.610 Cutone 1999
—42.09 =547.170 Primavera 200¢
—24,70 =321.100 Chutonoe 2000
29,82 —387.660 Primavera 2001
-43.44 —564.720 Qutono 2001
-1.02 - 13.260 Primavera 2002
+522,47 +6.792.110 Qutonoe 2002*
-101,64 —1.321.320 Primavera 2003
- 77,00 —1.001.000 Outong 2003
—38,84 =504.920 Primavera 2004
- 79,53 =1.033.590 Qutono 2004

*Este ganhe representa o preenchimento de manutengds na ou-
tono de 2002.

A partir desses dados, podemos tirar as seguintes con-
clustes:

1. A linha de costa perdeu uma média de 20 m’fm do
volume de preenchimento inicial desde a primeira
colocagdo até a primavera de 2002. (Esse mimero é a
média da primeira coluna de nimeros até o preen-
chimento de manutengdo no ocutono de 2002.)

2. A taxa média de perda sazonal da linha de costa
aumentou para 74 m'fm apés o preenchimento de
manutengio no outona de 2002, (Esse nimero é a
média da primeira coluna de niimeros depois do
preenchimento de mamiten¢ao no cutono de 2002,

3. A linha de costa sofreu uma perda liquida de 162
m’/m desde a colecaco inicial até a primavera de
2002. (Esse nimero & a média da segunda coluna de
nimeros até o preenchimento de manutengio no

outono de 2002,)

4. A linha de costa sofreu uma perds i
m’/m apds o preenchimento dEP manut{gﬁ:{ﬁzdﬂ Xy
tona de 2002. (Esse nimero & a médi, & senuuu.
coluna de numeros apés o preenchimens, d%“ﬂda
nutengio no outono de 2002.) Ma.

Nio se sabe quais fatores contribuiram py,
mento da perda de areia apds 2002, mas o5 Eien: ay.
puderam investigar processos como aumento fl':qta&
éncia de tempestades ou maior intensidade de top, u-
tades ac longo desse periodo, pes-

O volume de areia fornecido pelo preench; mente
manutengio no outono de 2002 compensay a5 petde
entre 1998 e 20047 Pode-se responder a essa
ta somande os ndmeros na segunda coluna d; I;abel;
(5.973.240 m’) e comparando essa adic3o com o yojyp
de areia adicionado no preenchimento de manuteng,,
no outone de 2002 (6.792.110 m’), Esses nimeros g3,

r6ximos o bastante para que se possa concluir que g
perdas devidas a causas naturaishfnram COmpensadas
pelo preenchimento de manutenqao artificial,

PROBLEMA EXTRA: Considerando o custo total do projets
de restaurago inicial que teve initio em 1994 e o volume
de areia que foi bombeado para a costa naquela época,
calcule o custo médio por metro clibico de areia. Depois,
use esse valor para esimar o custo do preenchimento de
manutencio ocorrida no outono de 2002.Vocé acha

esse custo continuo — a cada seis anos —- vale a pena?

BT T e e e T

Erosdo e deposicao nas linhas praiais

A topografia da linha praial, como a do interior do conti-
nente, € um produte de forgas tectonicas elevando ou re-
baixande a crosta terrestre, da erosao desgastando-ae da
sedimentagao preenchendo os locais mais baixos. Assim,
os fatores que trabalham diretamente sio:

B soergmiments da regido costeira, o que leva a forma-
¢do de feigdes erosionais costeiras;

" subsidéncia da regido costeira, que produz formas de-
posicionais costeiras;

®  anatureza das rochas ou das sedimentos ao longoda
linha prajal;

B mudancas no nivel do mar, que afetam o afogamento
ou a emergéncia de uma linha de costa;

B as alturas das ondas comuns e das ondas de tempés-
tade, que afetam a eroséo;

" asalturas das marés, que afetam tanto a erosao oIl
a sedimentagdo.

FORMAS COSTEIRAS EROSIONAIS A erosdo é ativa em ¢
tas rochosas tectonicamente soerguidas. Ao longo @
costas, as falésias proeminentes ou os promontérios &2
tam para o mar, alternando-se com estreitas reen

€ baias irregulares com pequenas praias. As ond2s fl"w;
bram contra as costas rochosas, solapando falfﬁtasﬂﬂ
Causando a queda de enormes blocos na 4dgua, on B2
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¢ desgastados. A medida que as falésias ma-
TS ce, 0s fragmentos isolados remanescen-
dﬁmtrﬁias de agutha ou pilar rochoso’”, sio deixados
3 et longe Jda costa [ver Flgur.a 20.1c). A erm-:ig
*  ondes também aplaina a supetficie rochosa abaixo
e Je surfe e cria um terrage de abrasio marinha,
i yezes visivel nas marés baixas (Figura 20.16}. A
f;:':s a5 ondas mntinuz:da por longos periedes E(}tde_
aras [inhas de costa, a medida que o5 promontérios
aen-se s rpida ue as reentrancias e as badas.
\slocais onde sedimentos relativamente friaveis ou
ssedimentares formarm 2 regido costeira, as eni:asta!s
4 nassuaves € & altura dos penhascos costeiros € mais
sa hs ondas eficientemente erodern esses matenals
Jskideeis a croso de penhascos nessas praias pode
catordinariamente répida. As faléstas de mar alto de
mﬁsisq!aciais tridveis ao longe do Litoral Nacional do
o Cod”. em hassachusetts (EUA), por exernplo, es-
D eiraindo a cerca de um metre por ana. Diesde que
‘ory David Thareau percorreu a extenisdo completa da
P baixo dessas falésias, na metade do século XIX, e
“meu subre as suas viagens no Jivro Cape Cod, cerca de
% de terreng casteiro foram engolidos pelo mar, o que
#ilea cerca de 150 m de retragio da praia.
discussio sobre praias ilustra a importdncia dos
;ﬁﬂ‘?‘mh’ﬂﬁ nesses ambientes com sedimentos frid-
i \décadas tecentes, mais de 70% da extensdo total
ipﬁm wenesas do mundo tEm se retraid-a_a uma taxa
qm;”:““r 10 ¢ por ano, e 20% da extensao total tem
auma taxa de 1 m por ano, Grande parte dessa
!&m?:fﬁ_ﬂr atribuida ao represamento de rios, queé di-
Pimento de sedimentos para a linha de costa.

ijﬂ11'~£EFﬂﬂls‘l"-“I'J'M.‘!LIS COSTEIRAS Os sedimentos acu-
ﬁpdﬂ £ a“‘-'ﬂs onde a subsidéncia rebaixa a crosta ao
hhm‘;ﬁ:::;nha de costa. Essas costas sdo cam:tariza‘-
e ngase | e por amplas planicies costel-
gy 0l mﬂeﬁs. Et{:ﬁe af fc-rrli:nas da linha de
heﬂimﬂn‘se &5 barras arenosas, as ilhas arenosas bai-

"des planicies de maré. As longas praias cres-

- 1|7 S H o

FIGURA 2016 m biultjics ;
o) Prariritteg e ditctal s C atihoasid £ ir s
Kﬂ I'i"'.“g'l's.[rd- LTl u.|||__,l,:‘;* Frof o Thgd e’ - Fiscif @
B s (ip Tt (LI REE Slhs v S LAk
g vellney O ek glacisd feet el
Guanio vl de ks e #
A0 mar é foee ¢ a5 Gretlat el © bathics 1 81

rochase. [ ata o Bran s nin0E B LR
Kb B g pogms, Caminoge & Foiroady pradl Tt
K Rochawoel *Thas | aut Il ol P e B g
Casd of oeth Amesic s Tarveing gl ¥ (e L
ooy Sm'-.:rrf.'_lfmm-wﬂlﬁuﬂi"lrrl ity T ey R

crpll W
L

g g £ Ml

cem A medida que as correntes longitudinais carregam 4
areia para a extremidade da praia a jusanie da corrente. La,
ela é primeiramente construida coma uma batra submersa
e, entao, emergindo na superficie da dgua, estende a praid
pela adigio de uma faixa estreita denominada esporao.
Extensas barras arenosas podem ser construidas mar
adentro, tormando-se ilhas-barreira, que formam a bar-
ricada entre a zona de oe¢ane aberto e a linha de costa
principal. As ilhas-barreira 530 comuns, especialmente
ao longo de costas mais baixas compastas de sedimen-
tos facilmente erodiveis e transportdveis ou de rochas se-
dimentares fracamente cimentadas e em Jocais onde 2s
correntes longitudinais sio fortes. A medida que as barras
emergern acima da superficie da dgua, a vegetagan se ns-
tala, estabilizando as ilhas e auxiliando-as & resisfr 4 €10~
sio das ondas durante tempestades. As ilhas-barreira R0
separadas da costa por planicies de maré ou por lagunas
rasas. Assitn como as praias na costa continental prina-
pal, as ithas-barreira estio em equilibrio dinamico com as
forgas que as moldam. Esse equilibrio pede ser rompide
por mudangas naturais do clima ou do regime de ondas
& correntes ou por ocupagao humana, O rompimento ou
a perda da vegelagéo podem levar 2 uma erosao Crescen-
te, e as ilhas-barreira podem até desaparecer abaixo da
superficie do mar. Elas também podern desenvolver-se e
tormar-s¢ mais estaveis s¢ a sedimentacac aumentar.
Durante centenas de anos, as linhas de costa areno-
sas podem sofrer mudangas significativas. Os furacoes e
outras tempestades intensas podem formar novas reent-
rincias ou pontais ou romper reentrancias ¢ pontais exis-
tentes. Essas mudangas foram documentadas a partir de
fotografias aéreas tiradas ern diferentes intervalos de tem-
o. A linha de costa de Chatham, Massachusetts, no coto-
vela do Cabe Cod, modificou-se bastante nos ultimos 160
anos, € o farol teve de ser transferido. A Figura 20.17 ilustra
a5 diversas mudangas que ocorreram na configuracio das
barras ao narte e ao longo do pontal da Itha de Monomoy,
bem como as diversas rupturas das barras. Muitas casas
estdo agora em risco em Chatham, mas hd poucas coisas

Biblioteca/CERES
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{a} Pralo proxima ac Farcl de Chatham

PARA ENTENDER A TERRA

1 rmpinnenlo de edporte- barrery,
e 1987, mastrado abaixe 3 Sivena,
fem ferchaches nowarente apie de
13 fola ter sedo frala

{b)
Chatham
liha de Ram — =
Faril de Chatham
“- )
i i N i
/ ' : w4
Ancoradoure / v
de Chatham ]
j |
a7 ..l}- i
b
Faral de
/Mﬂnumuy o
1830-1850 1870-1890; 1910-1930 Y 19T0 kel '15_15%"!
0 circulo mostra a pesigdo A praia ao sul do espordo A praia do esporao central A praia do epeoran e 0 ciclo de 140 anos
aproximada do rompiments central £ romplda & migra desapareced, e os seus Liesce constanfemente imicla-se novamente oom
do esporac-barrela em para sudooeste, em direcdo restos em breve vao T @5 sedimentos O FOMpETento, em 2 de
1846, Ailha de Ram 40 Cantinente ¢ a conectar Monomoy ao provindos das falésias; JBNETD, 0o SSIOrac-barmes
desaparascu Monamoy. conkinente, Monomoy separa-se do e fnente &0 Farol de
pasteriormente. continente. Chatham fcircula),

FIGURA 20.17 ® |lhas-barreira rmigranda na ponta sul do Cabe Cod, Massachuserts (FUA] (a)
Vista aérea de Ponto Monomaoy. Este esporac-barreira avangou em diregdo a5 aguas profundas
ae sul {na frente da foto) a partir das |lhas-barreira ao longo do corpe principal do cabe, para o
norte (o fundo da fore). () Transformagbes da linha de resta e Chatham durante o5 Ultimes
160 a3, 113} Steve DurwellThe Image Bank; (b) Fonte: Cincy Caniels, Soston Globe (February 33, 19877]

que os residentes ou o governo passam fazer para prevenir
que 08 Processos praiais sigam ¢ Seu curso natural.

Efeitos da mudanca do nivel do mar

As linhas de costa do munde servem come barémetros
para as irninentes mudangas causadas por muitos tipos de
atividades humanas. A poluigéo des nossos cursos d'figua
nos continentes, cedo ou tarde, chega as nossas praias, as-
sim como o chorume dos lixde
vagem de tangues em a]tc--nj !
dida que a ocupago imobiliar
das linhas costeiras expandem-

e - it e

< das cidades e ¢ oleo de la-
ar sdo levados & costa. A me-
a e as construcdes ae longo
se, veremnos a diminuicao

continuada e, mesmo, e desaparecimento de algumas de
nossas mais belas praias. A medida que ¢ aqueciment®
global causar a subida do nivet do mar, também vereme
os efeitos nas nossas praias.

As linhas de costa sdo sensiveis a variagues
do mar, que pode alterar a altura das marés, modific! ?
aproximagao das ondas ¢ afetar o caminho das
tes longitudinais ao longoe da cesta. A subida e 8
da do nivel do mar podem ser locais — um resul
subsidéncia ou soerguimento tectnico - ou
resultado, por exemplo, do derretimento ou da
de geleiras. Uma das preocupacé
aquecimento global induzido pelo homem é

do nivel

corre
desd-

o de
glabas ~ 7
formaga’
es basicas em pelagdo *
o seu pabelt

————

parte, ée
estufa {g:
vanagogs
Consistdr
Sidel'a(;@c
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|

)

g
o

q
7
g

< do nivel do mar e, dessa mane-

U E"aq?;sflmmg veremoas no Capitule 21.

o c35 Jift f"i,._,e] de mat baixo, as dreas que efam
7 deﬂﬁodga de ﬂwtas aos agentes de erosac. Os rios
Fop? ficam os sobre €555 r?giées origl palmen-
ﬂt@h”f’ﬂs a5 564 vales na planicie costeira recém-
202" g5€¢ n*:,g| do mar sobe, alagandﬂ as terras
#ﬂ”ﬂ# goath ntos marinhas sdo depositados

w' ja O sel;ﬂt‘: continentais, a erosio € substi-
g]?'f's ; anter e 50 € 06 vales dos rios sao afﬂgr:dm_s.
i ' Eﬂtaﬁ 15 de mar indentam muitos li-
lore?. 1;?:%1};0 Notte e Central. Essas longas
5 mvales fluviais que foram alagados a

"Fﬁﬂasiﬁ ﬂ“filﬁf; idade glacial terminau, ha cerca de
: alt :

daque? = el do mar subiu.

il A " "ﬂf;nfvm do mar na escala do tempo ge-
ﬂ Ad ,raﬁaqﬂﬂ;er medidas pelos eshudos de terragos cor-

oo podeT coura 20.16), mas detectar as mu-
ﬂ]ﬂ]wpgf ﬂ"?*a;;ﬂig;ma do tempo (hurnana) pode
yu;ﬂSEIa 5 udancas podem s€r medidas localmente
gdif‘fﬂ"&‘s ?}Eﬂqﬁo de um medidor de mares que re-
ﬁﬂﬁm da? ua-es do nivel do mar em relan;a? a uma mar-
?‘“Mﬂﬂ? pase situada em terrd. () raier problema
A move-se verticalmente como resultado
rpe DtEHEP; tectbnica, da sedimentaqﬁ::: € de outras
ket logicas, € €55€ movimento € mfmrpmado
sanias 620 OB 50 idas da maré. Os altimetros de

3 d
pervagoes de medidas da I i
mé“m fmiecem urna nova técnica para determinar a
2

. do nivel do mar. O aliimetro envia pulsas d?
ﬂ;ﬁadar que sdo refletidos pela oceana, forrf?e:ce:l';ﬂ
;11medidas 4a distincia entre o satélite € a SUPert cie
mar¢om uma precisdo de poucos centimefros. reell

Usanda esses métodos, 08 aceandgrafos desco b
subiu 17 cm durante o uitl
ntar em torno de 3 mm pot
com o aumento das
Imente, a maiorna

wsicylo e continua a aume
a9 Bsse incrernento mrre?ciona—sema
n 10 mundo todo, que. 2
d:sﬁ%’sutfsr;?:ildjta ter sidc-qcausadm, pelo menos em
T, pelas emissdes antropogénicas de gases de efEa:lc:r
sl (ver Capitulo 23). Parte da elevagdo pode i‘ESth-_aé e
Taghes de curta duracio, mas a magrdmde da subida e
Unsistente com 05 modelos climaticos que levam &m con-
ti00 aquecimento global. Esses modelos predizerm
B sem esforcos significativos de todas as nagoes pars
-~ 2emissan de gases de efeito estufa, 0 mve,l do mar
"ibir provavelmente, 3.100 cm durante este sécule.

:1‘5@3—"3?“5 continentais b

?]t;]-man além da linha de costa, estd a plataforma
gL EM $1a borda esté o talude continental, gue

| Eirgg, UMa inclinagiio mais ou mencs scentuada ate

]

|
]

L ]

| By U223 do peeano. No sopé do talude esta a ele-

llﬂuﬂ;||:IIEJ:JIT|.H‘“ﬂmmhf que consiste em um leque de sedi-
Eealji-"'~"rill %505 € arenosos que se estende para plant-
Os jr. 2 Mindo da bacia oceanica (Figura 20.1 8).

E{%:m ', as plataformas e os taludes lejﬁnenta'lﬁ
“mente chamados de margens continentals.

CAPITULO 20 ® COST
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Il“!ﬂ"ig'“" o o e
H# dois tipos bisicos de matgens cont pncder ‘:dm e
ativa. Uma margem passiva form? - "u_:“ past » boOEY
sio do fundo oceanico carrega Wn ﬁﬂm:“m Asrrei s &
do limite da placa, como as cumbas sl

Norte e da Australia e a coma :mtf] &;: :"; Lo
implica quiescéncia: Ao existem Vi o aste, o margens
sdo poucos e distantes entre Emoan o Gul, evtder 49
ativas, como a margem oesle da Amera s ot .
sociadas i subducgao. Oicassonalmente, 83 tg A &Y
estio associadas a falhamente transforman

wynavVEiS
i Aotes frequentes 53¢ pesp
de vulcAnica e os terrem O imeniait Al margens &t

nome dessas Margen dice

ﬁlﬂm zonas de subdﬁccéa incluem uma f‘:':;."m

cdo a0 mar aberto € um cinturjo vulcanice 3 -
As plataformas continentais de margeg'l ’;aguaa it

sistem, essencialmente, em sedimentos A€

: 33
i : ¢ carbonatica, €9
acamados, de composigao terrigena s 20 18a). Em-

dezenas de quilémetros de espessurd (Fi  acen:
bora 05 mesmos tipod de sedimentos possam

i i dvel
trades em plataformas de margens ativas. ¢ mais prov

: inZas

que teriham sua estrutura deformada e ;\;ﬁtam ; 4
£ jal A0S, o fﬂi‘_
vilcinicas e outros matenals vulc e cargerss okl

joria
+tos de oceanc profundo. A Malo o
Tai?nta lado leste dﬂ%ce-a no Pacifico {por exemgl:h, zén:;a i
dos Andes na América do Suf) mostra, com fr¢ ;}mﬂnte
uma plataforma confinental estreita ||;]1.-1Iv.:.:L Eiﬂ::ﬂ ol
1, uma profunda fossa oceanica set 2
f!e sedim[?c;@t@s (Figara 2&1;:1:&}. H(I!HElaﬁ no lad:ar ::::;-i édm
2 cifico (por exempla, em frente as lihas Maria
uﬁn:; plat(gfanna mais larga entre o confinente € bi zona i
a ias de entepais substanc
bduccio. A fossa forma bactas ; ;
:S:slrltdeuegpessas sequéncias de mdm?ntas sdo depoar 113&3?
(Figura 20.18b). A maioria dos sedimentos pm"-'%n; l[:::s
cialmente da erosio de um arco vulciinico SOEFEUICO, e
também se acumulam por - raspagert da EF‘EJSt? ocedni
em subduccio, formando uma cirtha acrescionil.

A plataforma continental _
A plataforma cﬂn}'inental é uma daﬂs g::ces éﬁﬂm;
camente mais valiosas do oceano. Eezl
em frente 3 Nova Inglaterra ¢ os Gl_-andes Bancos  de
Mewfoundland, per exemplo, estac ha cerca de cem anos
entre as zonas de pesca mais produtivas Qm mundo. }{e-
centemente, plataformas para a perfuragéo de petréleo
tém sido usadas para extrair gra?ndeas quanndfides de pe-
wrdleo e gas da plataforma continental, especialmente no
Golfo, em frente & costa da Leuisiana e do Texas.

Como as plataformas continentais encontram-se em
profundidades rasas, elas estao su!::m_ehdas 3 exposigio e
cubmerso como resultado de variages no nivel do mar.
Durante a glaciagio pleistocénica, todas as plataformas
que agora estao em profundidades menaores que 100 m
estayam acima do nivel do max, quanda a maior parte das
suas feices foi formada. As plataformas das altas latitu-
Jes foram submetidas a glaciacdo, produzindo uma topo-
grafia irregular de vales e bacias rasos e cristas. Aquelas
[hcalizadas em latitudes mais baixas sido mais regulares,
com incisbes ecasionais de vales de correntes,

[ —
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gER AT A GLANCE

ctivity is essentially
v m.:arﬂtgr‘d far photosyn-
asis; it i5 accomplished
by @ wide variety of marine
wanﬁfﬂﬂﬂﬁtly
microscapic—and is
gifected by sunlight and
mtrients.

g Inpalar oceans. productivity
getks during the summer,

n tropical oceans, produc-
ity i5 low year-round; in
temperate oceans, produc-
thity varies as sunlight and
nutrients change seasonally.

| 3 Linear feeding relationships

are best displayed as a food
chein wheraas a food web
displays a branching net-
work of feading relation-
ships; the nceanic biomass
Aramid shows the energy
- Iransfer between tropic
lfeeding] levels.

X The mering fishing industry

. Sulfers from overfishing,

. Sl practices that pro-
s alarge amount of un-

. Mntad bycatch, and & lack

of ade B
a!lﬁmaiufm fisherias man-
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Voo | arth™ (£,

BIOLOGICAL PRODUCTIVITY
AND ENERGY TRANSFER

Praducers are organisms that photosynthesize 1heir own food from earbon dioxide, water. and
sunlight. Their ability Lo capture solar energy and bind it into their food sugars s the basiy of food fu:
all other organisms in the marine biological community (excepl those near hydrothcrmal veata
where chemosyathesis is the major source of “food” energy). As such. the ocean s producers are the
foundation of the oceanic food web.

Photosynthetic producers in the ocean include plants. algae, and bacterna Because there are few
frie marine plants and large species of marine algae play only a minor role, MUCTeCOpIc MANRe algae
and bacteria comprise the majority of organisms responsible for the conversion ef solar energy These
microscopic organisms—called phytoplankson —are mostly scattered throughous the ocean s surii
surface waters and represent the largest communily of organisms in the manne environment

In this chapter, we'll examine primary productivity and the factors that cause 1t 1o vary, describe
various types of pholosynthetic marine organisms, discuss productivity in different regions of the
ocean, examine feeding relationships such as (ood chains and food webs. and explore environmental

issues related to marine fisheries

13.1 What Is Primary Productivity?

Primary productivity s the rate at which energy is stored by afganisms through lhr:_formatmn_ of
organic matter (carbon-based compounds) using energy E:lerwed from :mlgr radtation dur}ng
photosynthesis (phote = light, syn = wilh, rfwxfs = an grrangmg} or t‘Tum ::llunlm:al reactions during
chemosynthesis (chemo = chemistry. syn = with, thesix = an arr_angmg}.- This organic matter <an
then be used as food for other organisms. ﬁltl{uggh clmnmsyr}thr;ms supportls hydrothermal veat bio-
communities along oceanic spreading centers. it is much less !{Ign!ﬁf:ﬂnl !hav{ phu‘msyml.h:sm lll"l wqudl-
wide marine primary production. In fact. 99.9% of :‘he ocean's hummss: chles‘ v.f:uhj::r dmm]} or lnlil:
rectly on organic matter supplied by ]:_nhf::msymhuu-: primary productivity as ujs :-.m‘.w‘ce of t‘u-::u.‘j.‘.-\_z.
such. the discussion of primary pmductmﬁt}r p_resen}ed here will focus on phf:}nsy mhr._tu: pfﬂdll.lfll.ﬂl]:.

Chemically. phmns:,rnthﬂsis is a reaction in which energy frc_mm the Sun is stored in arga‘mr:. nmole-
cules, In photosynthesis (Figure 13.1, m:.-:}, pI;mt_ n:ll_s capture light energy ;m‘d E:Furc l[‘ as ::t.?g-_.llj'i.rls
a chemical Teaction, the photosynthetic equalion is reversible: this process is called nia.p]n‘mu;a_n
(Figure 13.1, middle). The equalions are also shown chemically (Figure 13.1. bottom). Note that this

IHydrothermal vent BiocomItnites are discussed in more detail in Chapler 15, “Animals of the Benthic Environ meht.”
l ‘rn i - . . -

ik i o 15" als of the Bentlue Enviroamend.
*More details about chemosynthesis can be found in Chapter 15, "Animals

YRecall that biowmss is the mass of lving oreanisms.
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e
Waler 4 Garh-nndiux!da

I S TR\

Sugar + Oxygen

7 7 N

Heat engngy réleased

4

Respiration

\ \\ f/

Water + Carbon dioxide

/

A-

Sugar + Oxygen

4

\‘\

Representative
reaction, viewed
chemically

GHO + 60D

Light
energy

Heat

Photosynthasis
i CeHyQg  + B0y

Regpiration
F

! cally [bottom). The pro _
accomplished by plants, is represented in the up

FIGURE 13.1 Photosynthesis (top), respiration
[middis], and representative reactions viewed r:.h_ami-
cess of photosynthesis, which is

per panel.

The secand panel shows respiration, which is done by ani-

mals. Both processes are shown chemically in the third
panel, (Nole that this is the same image as Figure 1.20.)

KEY CONCEPT
Primary productivity is the rate at which carbon

’_ (organic matter] is produced by microbes,
' algae, and plants mostly through phatosynthesis
but slso includes chemosynthesis. |

s o S — - T T =

= T

T AR

F.
e
=

is the same figure ¢ |

I ;
where photosynty “Em O, §
tion were previgy dly ang ,h)(i

Measurement

of F'i‘il'nar'y Pmdu h ih

Various properties i
be measured to givf atnlw%%
tion of the amount of ﬁ%’iﬁw
ductivity. One of i, oy k]
at-sea methods is to capyy, &)
ton in cone-shaped yloy Fbsa_;
nets (Figure 13.2), Thes, ﬁzﬂl
nets—which resemble g ﬂ&uf
airports—filter plankioq 5. /|
ocean as they are towed 359‘::15;
depth by research vegsey ik i
of the amounts and types of . |
isms captured reveals muyg . |
the productivity of the arey. |

Other metheds indod: |,

ing specially designed bottles m1o the ocean, analyzing the amount ?frﬁm“
carbon in secawaler, or even monitoring ocean ¢olor with orbiting s |

Photosynthelic organisms such as phytoplankton (phyto = plant, ik, |

wandering) use the green pigment chlorophyll (khloros = green, piplin =
to capture energy from the Sun and perform photosynthesis. The color of s
waters is stronply affected by the amount of chlorophyll, 50 0cean color )
used as an approximation of phytoplankton abundance and, in turn, profu
One such instrument thal conducts ecean color measurements is the SafE
(Sea-viewing Wide Field-of-View Sensor) instrument aboard the SeaStarsit
which began operating in 1997, It replaced Nimbus-7's Coastal Zoae (i}

Scanner instrument, which operated between 1978 and 1986, Today, SeaWiFs e

ures the color of Earth’s surface with a radiometer and pr_mrides global comn
estimated ocean chlorophyll levels as well as land vegetation every two dajs

Factors Affecting Primary Productivity

5
In the ocean, the two main factors that limit the amount of photosynthe/

mary productivity are the availability of nutrients and the availabilty &%

radiation. Sometimes other variables—such

as the amount of carbon diod

can also limit primary productivity if they become scarce in seawater.

. o
AVAILABILITY OF NUTRIENTS The distribution of life thr:?ughﬂﬂuf; ;h:s 7
breadth and depth depends mainly on the availability of nutrients ST

phosphorus, iron, and silica that are nee
physical conditions supply large quantities 0

their greatest concentration. To understand

sources of nutrients must be considered.
Water in the form of runoff crodes the

oceans and depositing it as sediment on the continental margins

ded by phytoplankion Wher
f nutrients, maring

Pﬂpulntiﬂff";

where these areds are

vk
. Gl
continents, carrying mEE®

s wh
solves and transports substances such as nitrates and phosphates © ", v
basic nutrients for phytoplankton. Nitrates and phosphales ar *

ingredients in all garden and farm fertilizers.
Through photosynthesis, phytoplankton

i

: —_—I
combine these nutrients ¥y

dioxide and water to produce the carbohydrates, proteins, and [ats 1
the ocean’s biological community depends upon for food.

Ao b

Runoll
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5 finents are th_r: major sources of
me Y of marine life are found along ¢ i :
# o I : rem the contineni:
ﬁtfﬂn 4i0 (B8 open sed increases. The vast depth of the world's oge Hircaial
;ﬁiﬁs.i o petween the open ocean and (he ons wi ks ﬂm.l he
& d'ﬁta;raied account for these differences AR T
cent e lack of certam nutrienis can limit bProduclivig
es) and phufphnrua As a tesult, these COmMpo
.+ in chemical oceanography. Cgy ' :
o ied in c ; : nparatively, nitrogen compounds
F 4 - phﬂmsynthﬂﬁis n(';ay be 10 times the 101a] nitrogen cm’ipuund gmﬂ?
%at can be mas:jsure ftlsba yearly average, This level implies that 1he siuhigs
gl . compounds must be completely recycled up to 10 times per year
D;:{‘] e hosphates may be turned over up to four limes Per year e
W bon is an important element in productivity, too, becayge carbon is the
_ onent of all organic compounds (including ¢ b ~ '
; S : & carbohydrates, proteins,
|wf [n the ocean, however, vanous forms of carbon are quite abundant, 50
| oduction. Thus, carbon does

these nutrienty, 0 the greatess

coastal regi

¥. particularly nitro-
unds are among the

1"{&1::}.1& scarcity of carbon for photasynthetic pr

Jpeitproductivity.
Wheo nut;i?nts are not limiting prgdyctivity, the ratio of carbon (o nitrogen
phﬂspharus in the tissues of a!_gae 15 10 the proportion of 106:16:1 (C:N:P)
" i called the Redfield ratio after American oceanographer Alfred C.

-Id, who first described i_t in 1963. This ratio is also ebseyved in znoplanklm;
g feed on diatoms, and in most ocean water samples taken worldwide.
\areover, phytoplankton take up nutrients in the ratio in which they are avail-
jigin the ocean water and pass them on to zooplankton in the same ratio. When
agsé plankton and animals die, carbon, nitrogen, and phosphorus are restored to
sealer in this same ratio.

Recent studies in the waters near Antarctica and the Galdpagos Islands reveal
it photosynthetic production is low even though the concentration of all
nients—except iron—is high.4 Production is high only in regions of shallow
wterdowncurrent from islands or landmasses where a significant amount of iron
inm rocks and sediments is dissolved in water.

WALABILITY OF SOLAR RADIATION Photosynthesis cannot proceed unless
ight energy (solar radiation) is available. Despite the atmosphere’s thickness of
noe than 80 kilometers (50 miles), its high transparency allows suplight to
Factrate it quite readily, so land-based plants almost always have an abundance
tsular radiation to conduct photosynthesis.

In the clearest ocean water, solar energy may be detected to depths of only
_"-*U“llt 1 kilometer (0.6 mile) and, even then, the amount reaching these depths is
"Wequate for photosynthesis. Photosynthesis in the ocean, therefore, is restricted
::hhe Uppermost surface waters and those areas of the sea floor where the water

low enough to allow light to penetrate. _

® depth at which net photosynthesis becomes zero Is called the

wweusation depth for photosynthesis. The euphotic (eu = good, photos = light)

ﬁ,'w;f“““_‘iﬁ from the surface down to the compensation depth for photosynthe-
h i approximately 100 meters (330 feet) in the open ocean. Near the
Elhe euphotic zone may extend to less than 20 meters (66 feet) because the
i:“ﬂlﬁms more suspended inorganic material (turbidity) or microscopie
nwmsdthat limit light penetration. _ g

. 90 the two factors necessary for photosynthesis—the supply of nutri-
the presence of solar radiation—differ between coastal areas and the

? In the open ocean (far from continental margins), solar energy

i — ‘ |
hhdjﬁ of !'umlﬂing the ocean with iron to stimulate productivity and increase the amount é:-ill':ur »
B¢ absorbeg by the ocean is discussed in Chapter 16, “The Oceans and Climate Change-

13.1  What Is Primary Praductivity? 373

FIGURE 13.2 Plankton nets. These laree. cone-shaped.
fine-mesh plankion nets being washed are lowered mia the
water and towed behind a research vessel to cellect plankton

N
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extends deeper into the water column, but concentration of nup: E
coastal regions, on the other hand, light penetration is mucy, loss ‘[:tna,,h 0
tion of nutrients is much higher. Because the coastal zone is gy, Ut the '%:
nutrient availability must be the most important factor affecting “]:‘“T:% [;%tz,. _
life in the oceans. ¢ ﬂlstn];.f’.% :

e
5

: E
Light Transmission in Ocean Water I
The graph in Figure 13.3 shows that most solar energy falls i the b
lenpths called visible light. This radiant energy from the Syy m‘:‘é‘%u.&};
three major components of the oceans: %

1. The major wind belts of the world, which produce ocean cygy,
driven ocean waves, ultimately derive their energy from solay raq. - % |
belts and ocean currents strongly influence world climates. m‘“'lih_;;_.{-

2. A thin layer of warm water at the ocean surface, created py sikes: |
overlies the great mass of cold water that fills most of the oceap ... h%
the “life layer” where most marine life exists, STy |

3. Photosynthesis can occur only where sunlight penetrates the
phytoplankton and most animals that eat them must live where
the relatively thin layer of sunlit surface water,

= &

[

% il
- bt §

s

THE ELECTROMAGNETIC SPECTRUM The Sun radiates a wide range ol | ;
lengths of electromagnetic radiation. Together they comprise the ele
spectrum, which is shown in the upper part of Figure 13.3. Only a very g,
portion of the electromagnetic spectrum is visible to humans as visbi iy |
We call it “visible” light because our electromagnetic sensors—our eys—p
adapted to detect only the wavelengths in the visible region. In essence, oures |
“tune into” the visible light wavelengths, just as a radio “tunes into” specifices’
waves. ;
Visible light can be further divided by wavelength into violet, blue, greca |
low, orange, and red energy levels, Together, these different wavelengths prod
white light. The shorter wavelengths of energy to the left of visible ight i

example, X rays and gamma rays) damage tissue in high enough doses. Thelez,

=

e

wavelengths of energy to the right of visible light (for example, infrared, microv= -

and radio waves) are used for heat transfer and communication.

THE COLOR OF OBJECTS Light from the Sun includes all the visible tﬂ’:
Most of the light we see is reflected from objects. All objecs absord aﬁﬂ[‘?ﬂ;i
different wavelengths of light, and each wavelength represents 2 wfﬂflﬂg‘ﬂ;
visible spectrum. Vegetation, for example, absorbs most wavelengths eXceP >

and yellow, which they reflect, so most plants look green, Similarly,a 1]
ely abﬁurfﬁﬁi
The trué ﬁ&'f

pse |
of objects can be observed in natural light only in the surface waters becd®™ ¢

- v i a0
there can all wavelengths of the visible spectrum be found. Red light 5 |
-,rleﬂ'éﬂ'-.

absorbs all wavelengths of color except red, which is reflected.
The lower part of Figure 13.3 shows how the ocean selectiv
longer wavelength colors (red, orange, and yellow) of visible light.

within the upper 10 meters (33 feet) of the ocean, and yellow no

wi
absorbed before a depth of 100 meters (330 feet). Thus, the shortet (ef o’

4 L) 1 ﬂ i
portion of the visible spectrum is all that can be transmitted 10 8¢ mﬁn.ﬂ;b
m |

(mostly blue light with some violet and green wavelenpths), and E;T}l;lﬂt

intensity is low. In the open ocean, sunlight strong enough to supp® ecl)
sis occurs only with the euphotic zone to a depth of 100 meters (330
sunlight penetrates below a depth of about 1000 meters (3300 feet)-

&

\_
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13 q The ulenu'umugnum: Wavlengts

and transmission of visihle ——
wﬁﬂ' The electromagneijc -

0.7 em (00394 in)
Wem.%Min)

g
e
d
E
L=
-

YO0 hm S )

"gﬁ

‘u i‘ p) TURS from extremely shory
F’“’“ ; fi side) with progressively Typa of
ml1.|-.;|¢==nglh shown toward (he radiation

p’ﬂ"‘ﬂg arrow portion of the spectrum
s ﬂs-lhlﬁ li,ght s shGWn 'pa_gmng
p “f' seawaler (bottom), which absorbs
F'ﬁh - wavelengths (red, orange, and
]abﬂw a depth of 100 meters,

Ultraviolet Visibj o
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R
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FIGURE 13.4 Using & Secchi disk., A Secchi disk is used 1o
mcasare the depth of penetration of sunhght, thus indwatimg
the clarity of ihe wales
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13.1 What Is Primary Productivity? 377

FIGURE 13.5 Satellite image of ocean chiorophyll.
] Satellite data (September 1997-August 2007) show-

Chlorophyli Concentration {mg/m?
001003 031 03 1

3 10 30 60 ingaverage ocean chlorophyll concentration, which is
an approximation for productivity. Data gathered by
the SeaWiF$ instrument aboard the ScaStar satellite,

by the process of natural selection® 1o fit every imaginable biological
+,_gven in environments t!mt pose difficulties for orpanisms. In fact, many
kms have adapted to live under adverse conditions—such as coastal
piroments —as long as nutrients are available,
along continental margins, some areas have more abundant life than others.
st characteristics create such an uneven distribution of life? Again, only
a2 basic requirements [or the production of food need be considered. For ex-
aple,areas that have the greatest biomass have the lowest water temperatures,
w because cold water contains higher amounts of nutnents than warm water.
Rese outrients stimulate phytoplankton growth and phyloplankton growth, in
m,profoundly affeets the distribution of all other life in the oceans.

IWELLING AND NUTRIENT SUPPLY  As discussed in Chapter 7, upwelling is a
‘wol deep waler toward the surface thal brings water [rom depths below the

i deep water is rich in nutrients and dissolved pases because
nkion at thes iths to consume these compounds, When
ace rises, it hoists nutrients from the depths to

coastal upwelling are found along the western
' urrenls are moving toward the equator
pler 7) causes surface waler to move
‘water from depths of 200 to 1000 meters

ch wa
7 Thal

which detects changes in seawater color caused by
changing concentrations of chlorophyll that varies
with photosynthetic productivity. Chlorophyll

concentrations are reported in milligrams per cubic

meter (mg/m’).

KEY CONCEPT

Photosynthetic productivity is limited in the marine
environment by the amount of sunlight and the
supply of nutrients. Upwelling greatly enhances the

conditions for life by lifting cold, nutrient-rich water
to the sunlit surface.

U1 P&g. 20 de 26 - Documento assinado digitalmente. Para conferéncia, acesse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo UDESC 00022481/2026 e o c6digo 40JMEFO07.

N



378 Chapter 13 EIG'DQIEB' PFDdL!EtIUItY and Ener‘gy Transfer

Lo gr:ﬁ'}m . I WA
SR, ¥ " ARC T‘Etf‘QC&AN_{?:f P i
T - == A o okt

Y%
:II T —— A o o ﬂ -

B T AT ANTIC
[ %

(7 P TocEsN

ndy

PACIFIC  Equaior

: X LN
\-—- N OCEAN
Lk Pl
1 Tropls of Capricom . =
i

OCEAN &< L Lo 3icouii

———

g :

- « . o | 50'2' 3,000 Kilomciers
\ % Antarclic Circle

_ | Areas of upwelling  Wind direction | '

H““:--,..,x___i resulting from wmgds

{a) . 5

Coastal B < ;.-

i F _,

upwelling
)

@ Wind causes surface water
to move away from shore

(@) Deep, cold water i i'
upwells to replace L
200 m _ surface water =7 _

o

—_—

FIGURE 13.6 Coastal upwelling. (a) Coastal winds (black arrows)
cause Ekman transport, which drives surface water away from the west
coasts E:l' continents (bliee arrows), (b) Block diagram showing how coastal
?pwel]:ng is created by surface water that moves away from shore, bring-
ing cold, nutrient-rich water to the surface. (¢) SeaWiFs image of chloro-
phyll cur!centratiun along the southwest coast of Africa (February 21
2000). High chlorophyll concentrations indicate high phytoplankton l;iu— Chlorophyli a Co ki

mass, which is caused by coastal upwelling. Concentration i I ;
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384 Cha
times that of Synechococcus. In fact, Prochlorococcus hag )
stitute al least half of the world ocean’s total phutng}mhmieshlmalm . nlﬁf
means that it is probably the mosl abundant Phﬂlﬂsynlhetigﬂ ¥ _lﬁm%f“ui i tri€ dir
iti a -scale gene sequenci .- Tgan v 7 o1 5C
In addition, recent large-scale g Juencing of Microbes {}“E,I:‘ 1o frhl"}u
Sea has revealed a host of new types of bacleria, suggesting :,;ubﬂ;n t,"“::\;a& jting P
ously unrecognized aceanic microbial dwmjﬁ!l:-l,r_ Clearly, Microbes Nlia) Yo Eﬁ (est ST
influence on marine ecosystems and carry significant impﬁcatinnsf lag the T deve
ity, global climate change, occan system cycles, and human healih, or ﬂ c|:;5 £t
?ﬂ“ aly 2t
13.3 How Does Regional Primary {
Productivity Vary? Pr?frui
Primary photosynthetic production in the oceans varies dramaticy| fr ?ﬂ rel
to place (see Figure 13.5). Typical units ﬂ_l' photosynthetic Pr“duﬂiqr;".r' otic O
weight of carbon (grams of carbon) per u_mf.2 of area (square Meter) e ,\; i is
time (year), which is abbreviated as gC/m%/yr. Values range from 5 y ; 45t OF
| gC/m?/yr in some areas of the open ocean 10 as m uch as 4000 gy '\'r:' Gt ud
highly productive coastal estuaries (Table 13.1). This variability is the rl‘-:sujl.:-\ nout 1%;
uneven distribution of nutrients throughout the photosynthetic zone and geq, and coB!
changes in the availability of solar energy.® . . ‘ or aboB!
About 90% of the biomass generated in the euphotic (sunlit) zop, ing sunfy
open ocearn Is decomposed 1nto inurga_nic nLllltrier_itih~?.t‘urcddesccnding belks gvity g
hetic bacte- sone. The remaining 10% of this organic matter sinks into deeper water, ., Sea @&
RSLLEﬁ;:;Eﬁsﬁ ::I;cria but about 1% of it is decomposed. The _1% that {'caches the deeP%:‘. ]_3,11:{2%
Prochlorococcus is the most abundant accumulates there. The process of removing matc_rlil from :t‘he aupmm:& hghe :
and smallest of the marine phytoplank- the sea floor is called a biological pump because it “pumps carbon diorije thalii g,l*xi
ton, reaching only about 0.6 microns iﬂgn 1
(0.00002 inch) in diameter. won, &
crustacs
VALUES DF NET PRIMARY PRODUCTIVITY FOR begin E¢
5 VARIOUS ECOSYSTEMS zooplaf
DT O S in Jung:
Coomam LT B
SR ‘'m® Average (gC/m"¥i Irdt
 remeuomtl  AeeGEER i
Oceanic AR end of
Algae beds and coral 1000-3000 2000 g::adlug
reefs e “PWeIii
Estuaries 500-4000 Deeps,
00 the ay
Upwelling zone 400-1000 - Fr
Continental shelf 300-600 > and g
B 125 the &
Pt Open ocean 1400 Yeargd,
=<t 50 Wih§
Freshwater swamp 8004000 ficierg
and marsh 00 A red,
deers
Tropical rainforest 1000-5000 0 % a%
Middle latitude forest 600-2500 % E
Cultivated land 1004000 ﬂkﬁ‘?‘

For a review of Earth’s seasons, see Chapter 6.
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;.L%l, Sudy of Antarctic walers, however, documented as mL':lCh as & 12.%

M phytoplankion preductivity because of increased ultraviolet radiation

'of the Antarctic ozone hole.
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386 Chapter 13 Biolagical P

FIGURE 13.12 Productivity in tropical oceans.
Although tropical regions receive adequate sunlight year-
round, 4 permanent thermecline prevents the mixing of sur-
face and deep walter. As phytoplankton consume nutrients in
the surface layer. productivity is limited because the thermao-
cline prevenis replenishment of nulrienis from deeper water.
Thus, productivity remains at a steady, low level, Red curve

mdicates temperature of the water column, with high
lk temperature toward the right.

roductivity and Energy Transfer

Blue whales—the largest of all whales (see Figure 145y,
plankton and lime their migratlion thmugh_ lemperate angd pol Cal
cide with maximum zooplankton productivity. This enableg g, .. S0, 4

he
and supporl calves that can exceed 7 melers (23 feet) hxwrlaj“'“hhg

Chgth . Y,
fﬂ-r g:[ Ib
] IﬂngI

The mother blue whale suckles the calf with rich, high-fay milk
By the time the calf is weaned, it Is over 16 meters (50 fegy
it will be 23 meters (75 feet) long, and after about thyee 3
55 metric tons (60 short tons)! This phenomenal growth rg, i i ) L
tion of the enormous biomass of small copepods and krif tipon w;- S, *
mammals feed ich 1;15:’:\
Densily and temperature change very little with depth i
{Figure 13.11c), so these walers are isothermal (iso = same, fﬁmm% N
ture) and there is no barrier Lo mixing between surface waters ang g, "5
rich waters. In the summer, however, melling ice creates a thy_ low+, s 18
thal does not readily mix with the deeper waters. This stratificatiog ; - »
summer production because it helps prevent phytoplankton frep, b g
into deeper, darker waters. Instead, they are concentrated jp the "‘Hmnh
waters, where they reproduce continuously. L
Nutrient concentrations {mostly nitrates and phosphates) are gy,
in high-latitude surface waters, so the availability of solar energy fim;,
thelic productivity in these areas more than the availability of nutriey;

Productivity in Tropical Oceans

Perhaps surprisingly, productivity is low in tropical regions of the opet 1
Because the Sun is more directly overhead, light penetrates much ma,
into tropical oceans than temperate and polar walers, and solar energ 5,
able year-round, but productivity is low in tropical regions of the op: ..
because a permanent thermocline produces a stratification (layering 4
masses. This prevents mixing between surface waters and nutrient-nch &
waters, effectively eliminating any supply of nutrients from deeper waiesn
(Figure 13.12).

At about 20 degrees north and south latitude, phosphate and nitrz: «
centrations are comrmonly less than ¥w of their concentrations ib =
oceans during winter. In fact, nutrient-rich waters in the tropic b
150 meters (300 feet), with the highest concentrations between 500:and 1=
(1640 and 2300 feet). So, productivity in tropical regions is limited by &-
of nutricnts (unlike polar regions, where productivity is limited by te
sunlight}. =

Generally, primary production in tropical oceans occurs at a stezdy =~
Jow rate. The total annual production of tropical oceans is only abott bek #
found in temperate oceans. ) o

Exceptions to the general pattern of low productivity in tropical o
the following:

. ||IF:'
1. Equatorial upwelling. Where trade winds drive westerly cqualdre=

on either side of the equator, Ekman transport causes s W
diverge toward higher latitudes (see Figure 7.10). This iurfﬂgﬂﬁ
replaced by nutrient-rich water from depths of up to Eﬂﬂ el

Equatorial upwelling is best developed in the eastern Pacifi¢

e

2. Coastal upwelling. Where the prevailing winds blow mm‘rd L

and along western continental margins, surface waters ar d'? : ths !
the coast. They are replaced by nutrient-rich waters from &

4

3 »
8As a similar size analogy, consider how many ants you would have to eat 858 child 08

N

N
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tﬁﬁﬂ to 2950 fect). This upwellin

T "
,;ﬂutﬂl (he west coasts of continents (s & promates high

ce Figute 13.6), v primary produc-

hich can support

ganisms that comprise ang iy

or
rgeﬁ-m w-nutrient conditions, similar |

the wa . 5
ed 19 life on land. Symbiot > e Way certain organisms are
3P 1o desert ymbiotic algae living within the tissues of
al

ies allow coral reef i
4 other specics a : €Is Lo be highly pPraductive ecos -
#ﬂ'l coefs also tEﬂg‘m m“t:]]“ and Tffﬂl-'ﬂlﬂ what little nutrients mv.:'rslllr E&T:i
s are discussed further in Chapter 15, “Animals of the ﬁenlhic

€ among coral reefs are superbly

g

JCUivity in Temperate Oceans

FTﬂd .+ [imited by available sunlight in polay reei
ity is T : Polar regions and by nutrient su
oo |uw—lﬂ“‘}“f'i3 .IIGPICE- In temperate {middie latitude}) reg,ig!';:ls, a mmmngt
#f[:"hssg two limiting factors controls productivity as shown in Figure 13.13a
4§

it the pattern for the Northermm Hemis here; i
e hﬂ‘-‘-’i'lm sasan are reversedy. phere; in the Southern

EﬂﬂM&'

! Phytoplankton

Inerease

il — S, —

STUDENTS SOMETIMES ASK...

e

—

Ther number and variety of tropical species on land is
astounding. | don't understand how me tropical

oceans can hava such low productivity.

Life on land does not necessarily correspond to Efeln
tha oeean! Tropical rainforests suppart an amazing
diversity of spacies and an enonmous biomass. In the
tropical ocean, however, a strong, permanent thermo-
dling fimits the availabiity of nutrients that ere neces-
sary for the growth of phytoplankoon. Without abundant

i in
phytoplankton, not much else can ﬁual in the acean,
fach, these aress mre often considersd biclogical

deserts. It is wonic that the clear blue water of the
ropice so prominently displayed in tounst hm
indicates seawater that is biglogically quite starile!

TR S o5 TP = i -

FIGURE 13.13 Productivity in temperate
oceans [Northern Hemisphere).

(a) Relationship among phytoplankion,
zooplankton, amount of sunlight, and nutrient
levels Tor surface waters in northern temperate
latitudes. (b) The seasenal cycle of sunlight affects
the presence and depth of the thermocline, which
affects the availability of nutrients This, i tum.
affects the abundance of phytoplankion and
other arganisms such as zooplankton that rely

: | j : " 1 on phyloplankton for food.
Jan. Feb. Mar April May June July Aug. Sept. Oct. MNov. Dec
Monith
@) & Phytoplankton Nitrient-rich water
& Zooplankion R Nutrent-poor waler
— Compansation
depth (O,)

4

i o o 'Ei\ﬂ 2 .Ir o

: ° ® )

4 't'.

g

g

e
- Thermocling ——=} - Thermocling —- |
March Juns Sept, Dex:.
SPRING SUMMER FALL

Increasing (1) Highest [+} Decreasing ()
Decreasing {§) Lowest (-} Increasing { 4}
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Oceanic Midlatitude
Productivity
North polar
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FIGURE 13.14 Comparison of productivity in tropical,
remperate, and polar oceans [Northern Hemisphere).
Seasonal variations in phytoplankion biomass, where the
total area under each curve represents annual photosynthetic

productivity.

KEY CONCEPT

In polar regions, productivity peaks during the summer
and is limited by sunlight. In trapical regions, productiv-
ity is low year-round and is limited by nutrients. In term-
perate regions, productivity peaks in the spring and fall
and is fimived by 8 lack of solar radiatien in the winter
and & lack of nurients in the surmmer.

Chapter 13 Biplogical Productivity and Enargy Transfer

WINTER Produclivily in lemperate oceans is very foy . .
though nulrient concentration s highest at this time ( Figur Uiring Wity
column is isothermal, too, similar to polar regions, mE ”J-}a' 3
distributed throughout the water column. igure 13,13k l’w:'m"utntnh Eg‘&
) she .
percentige of the available solar cnergy is reflected, [eu, et
pereentage 10 be absorbed inlo surface waters. As a resyl [l:g “hly ,
depth for photosynthesis is so shallow That phytoplanktoyn do e
The absence of a thermocline, morcover, allows algal cells o be P,
beneath the eupholic zone for extended periods by turbujeng, ;,-:L

winler WiAVEs.

that the Sun is a1 its lowest posilion above the horizon during ’M.u,%
‘4,

"oy

L

%

SPRING The Sun rises higher in Lhe sky during spring (Figure 714 |
so the compensation depth Tor photosynthesis deepens, A i;pri.' P
phytoplankton occurs (Figure 13.13a) because solar energy ang ::H Q
available, and a seasonal thermocline develops (due Lo increased uhﬁé
that traps algae in the euphotic zone (Figure [3.13b) Ths 3
iremendous demand for nutrients in Lthe cuphotic zone, so the ;u%“?ﬁ -.
limited, causing productivity to decrease sharply. Even though the 'S
lengthening and sunlight is increasing, productivily during the s, 42
is limited by the lack of nulrients. In mosl areas of the Northern Hez

therefore, phyloplankton populations decrease in April due to mw

e

00

nutrients and because Lheir populalion is being consumed by g.-_wﬁ
{prazers). S
o
=

SUMMER The Sun rises even higher in the summer (Figure 13.13b. wmerg
surface waters in lemperate parls of the ocean conlinué Lo Warm A 8
seasonal thermodcline is created al a depth of about 15 meters (30 fer. €
thermocline, in turn, prevents vertical mixing, so nutrients depleted from g
walers cannot be replaced by those from deeper waters Throughou! w22
the phytoplankton population remains relatively low (Figure 1315 s
though the compensation depth for photosynthesis is at its NI, Py
can actually become scarce in late summer.

sc.gov.br

Sun moves lower 22 &

a.

FALL Solar radiation diminishes in the fall as the
(Figure 13.13b, fali), so surface temperatures drop and the summel G
- nereased wind €52

breaks down. Nutrients return to the surface layer as | |
mixes surface waters with deeper waters. These conditions create & ¥ Tg

of phytoplankton, which is much less dramatic than the sgring h;i n'g‘
ure 13.13a). The fall bloom is very short-lived because sunlight {ﬂaﬁ o
supply, as in the spring bloom) becomes the limiting factor as wintel

to repeat the seasonal cycle.

S

a conferéncia, acesse

Comparing Regional Productivity —
Figure 13.14 compares the seasonal variation in phytoplan I‘:mﬂ| I:]Irea under 3
cal, north polar, and north temperate regions, where the told red w;ﬁ%
curve represents photosynthetic productivity. The figure Shmwi ; a0l S
in productivity in polar oceans during the summer; the steady. (¥ T e
tivity year-round in the tropical ocean; and the seasonal pattﬂrﬂgmu ngrﬂ'.é

that oceurs in temperate oceans. It also shows that the highest & .§
ity occurs in temperate regions. _ Jrien” £
Regional productivity can also vary due 1o human |nﬂuerl¢ﬁ’;: :::n plod™ ”g

to the ocean, for example, can result 1n dangerous Ph}“lﬂPI““ ©
other unwanted effects (Box 13.2). 8
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