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On the screen
i s  t h e  J a n . 2 0 1 2
satel l i te map
of chlorophyll

in the seas.
Note that

purple:very
Iow; durk

blue:low; light
blue:medium;
green=med-
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yellow=high
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I ro r  Crad in

N a m e :

T I M E :  5 5  m i n .

POINTS: 70

A.  (6  p ts )  P ick  a  spot  on  the  r rap  u 'here  TRADE WINI )s  a re  caus i r . rg  UPWELLING,  and l )  LAI IEL i t [A ] .  Now

O n l

2) explain h9w this wind arises fiorn a "v,incl ce/1" (note hriefl.v C'oriolis e./Jbct), and 3) holv this c'aLtse.\ 'upv,ell ing'.
/ -'/ @E-''#(,*, 

fl*^grr 6r,rg".J-rrrr g;a,1 l,:c,'fii:r. v r. /i, r,y n/-7qlil .,
l ) , i ' f 'L l . , ' f f i* \3. '<" i , ;k; injo{73t l"Si,-o-^a' '<tzl ,w".(r
h,rr./ :  

. f t t  ec7c.,.7{){; ci,L.. ' ' t ' /1- ' '"" '&{{v(:.onr/, (r^ S lr i  : t  L i ' i - ; , :  t ' ;") 'Di-u

{r, tlr"L&'21 ef1o''{' {Qat'uurc?'' i{ ,') 
ctt/sc( '5fi'z<7',l cffs/:t-z-t

, --J-

((,':n 6'\rl',1' uf {lr/'n' ";*Tu't

B.  (4  p ts )  The area  u t  @ i t  g reen/ye l lo rv .7 -h is  i s  no t  dua tc t  u ' ind ,s . tExp la i r r  i vhv  cJr lo rophy l l  i s  h igh  here  (don ' r

-/;;\::;,:;;^";i,::".| 
'l;?ii'';,'1,",i;1"'i,))',,.t, 

'T'\':,1:,u acoL'-^4j@ .:1( n1 '7') es i'r

q-rt- cltf.t4{4, frrrr*#'i t;iz'//i, .ct,'( ,:it'r dry'6'&'/ 4 . 
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-f ut,1. ;P€,tLtP'^ ola:16't 
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1.', {t" (-,, .{r- *:; ti-i' '(< 
"'"''11r /ta"' tlt 7-'11 '7' '4 / ("o'" d>

C. (4 pts) Note blue-pur plu point Q, where a key ntt t r ie-nL is very low. A Gernragr expedit ion chose this si te fbr
a geoengineering experiment i rr  200t l )  What is the missing nutr ient? /  / f ( / .U 2) Why is thar nurr ienr lorv at
this point? 3) why is i t  important for l iv ing processes? 4) What rvas the outcome of the German experiment?

&rrrat,  r t  r , i  f r  ( I . t : t  a,);(4./r=r,  ln,, t l :  *a'a.(\  6l i  )rq11:6.[ tF" u/" ' '
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I .  D. (5 pts) Suppose there is a crab l iv ins at Point lDlon the rnap
I . Ur'hut happen.s to its ltabitat temperoture clttring an EI Nirio periotl? 

'fu' ttrfr' 2 t?"(J 4t P
2. The El Ni i io terrperatLlre cl iange at;D-imay imptrcl  t l te crub's bot ly ' / i rnc' l ion,r .  E,xplain t lvo ways --

lemperoture's ba.sic direcl e.//ec'tr on livir-rg processes, and e./.fect on dis.solt,cd ga.s'.

. 11,,,-fi:-ftr(t<' ,J)'1":i..r::;s 
t' 'r -: 't ', 

, 22t,1( t{/).c:7 t4't(/"t'{1 (

( ' ; r . 4 . g  t , ! , t  1 r ,  1 ) t - t t t . t t  4 t r c { / C , L 6 ,  c ( . r ) y '  c , 5  
7 ' t : ' / - e t i t S ) ' r i C ) > " ( ' 1 1 ; } ' l ( J

e tr,'D-z; ft;',' ,'tci,it /2

E.  (3  p ts )  l .  SKETCH on the  MAP the  KUROSHIO Cur ren t - - labe l
2 .  SKETCH on the  MAP EAST PACIFIC RISE (R idee) .
3 .  A lso  draw ar rows s l ro rv ing  wh ich  way ' the  seaf ' loor  i s  mov i r rg  f iom th is  r idge .

F. (2 pts) Pre-tp-nd sorre ship cargo fal ls into the ocean at POINT,I l jon the rnap. Months later i t  comes ashore at
Point F2i.  Assuming the cargo f loats,  sketch rvi th arrows the most l ikely route i t  takes.

A.  Excess  CO:  i s  hav ing  2  e f fec ts  on  the  oceans:  i )  ind i rec t l l ' b1 'be ing  in  the  r - rpper  a tmosphere :  i i )  d i rec t l y  bv
dissolving in seau ater.  Explairr  l rou'  these el l 'ects al ise w i th appropriale tqucrt ion and/or atnrosphc'r ic proL'c. \ , \c. \ '

11  (  '  
i i  r  . r : ' l 5 r l  ,  . ' / ' t ' i  
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, )

./i, ri,,,t ry, (1t.,: , ,/7a.D{/, .' t+^ ,tr-r)|" .,,,', ' 
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!  I  \ -  - /  t 1 -  
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71r ),  ,  ) , ,  ts i ; '  t t ,#c ns
B.  Carbon Cyc le :  Sorne o f  the  COz d isso lv ing  in  searva terw i l l  be  conver led  in to  o rgan ic  carbon by  d ia to r r rs .
After a diatom dies. br ief l i r  r 'vhat are' fHRE,E, ocear biogeochemical recycl ing pathrvays t l re carbon rnight takel
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[ l i . - fRUVFAlSa]- -  Mark each statcrnent  rv i th  a "T"  i f  t rue or  "F"  i f  fa lse ( l l  p ts  )

E-A. ' l 'he Census of  Mar ine L i fe focLrsed rnain ly  on ccrunt ing f ish bscause ot  thei r  i rxpor tance to f ishe r ies.

f -n.  Uya.othermal  vents are t1 p ica l l l  l i rLrnd at  subduct ion t renches.

fC.  Methane (gas)  Hycl rates conta in lo ts  of  energy but  are too remote fbr  o i l /gas companies to consider  us ing.
-[-n. 

Sediments on rnost of the decp-sea I ' loor are macle of l ' irrc particles--mud ancj ooze (rnLrcl >30%, biogenous).
- lZ.  

"Hot  spots"  are iso latec l  areas of  maglr la  t l ra t  are responsib le tbr  is land chains in  the oceans.

T, f .Waves bcgin to t ise l rnc l  "crash" l t  t - l2  depth ncar  shore bccaLrsc thc t ravel ing cncrg\  sets de I ' lccted upr iarc ls .
* I -C.  

In  a ty 'p ica l  semidiurnal  lunar  t ic la l  cyc le.  h igh t idcs arc l2  hrs 25 mins apart .

,7/'*i: ( it',.
tt.' t ,'y i. O7

-\ rt .r'

( 1 0  p t s l

/ .
i  r ; i ,  t t  1  { :  l t u  5  u ' ' r ' ' ' 7



l - -H .  Co - -ensa l i sm i s  de l - i ned  as  a  sy rnb io t i c  re la t i onsh ip  be t *een  2  spcc ies  n  h i ch  bcnc l i t s  bo th  pa r tnc rs
--r.

I  l .  ln  general ,  a l l  e lse being equal ,  cot t t r r l tn i t ies w' i th  h ig l rer  input / f lo lv  o l 'energy or  nutr ienfs 1r 'ould be expected to 5a 'e
rr rore product iv i tv  t r r rc l  lnore d i r  er .s i ty .

T--J.A typ ical  terrest r ia l  fbod chai r r  rvould be "p lant- - - ->herbivore-- - ->caln ivore" ;  a lntost  a l l  nrar ine fbod chains fo l low a
_-<-  s imi lar  3- level  pat tern.

I  K.  Recent  s tudies on Antarct ic  penguins show that  some groups are suf fer ing f ior l  c l in tate change'but  others are actual ly
benef i t t i  ng.

l : - --_-----------_--_---__-r

LIY-.LI!-L-:Il{Sl: fi l l in blanks lvith words to make each sentence correct apd that add speciJic infttY-_._"1-l!_L:lll lb_i: trll ln blanKs wrth words to make each sentence correct apd that add specific infbrmation (25 pts)
A'  In the early 1800s, Jeanne Vi l lepreux-Powers inv'entedthe A clO(Cl v ' ' lUln .  whi le E. Forbes did the f i rst  deep-sei

d r e d g i n e a n d l e d h i m t o p r o p o s e t h a t t h e d e e D s e a r r , a s ( . F < - t ' ' e . ) . t . - i . | ' . | . ' / ' ' l ' . : l , : s , . ) , / - , / , . tdredging and led h im to propose thar  the deep sea was (a +e L.? jg
B.  One rnajor  lesul t  o f  the 1870s Chal lenger expedi t ion was

C'  SOSUS is  a g lobal  network of  hyc l rophones that  b io logis ts  can use to l is ten to pnimals l i te  UJ r  r r  kS but  i t  was
or ig inal ly  designed by the Navy to l is ten for

D.  In 1977 the Alv in was t tsccf  i t t  the tJ iscovcr .v  t t -  l t , . l r t r t '# t l t  m. i  Wl .#,  which revolut ionizcd tnar ine sc ience_-_-7#F -. -:+: 
? .\

E. The Juan de Fuca Riclge o1'1'of  washington State is a place rvhere [wo recronic plares arc _5L4*" "  -4j ! : fuv -  - -

t /
K. Higlr UV radiation causes fL/,)t  (d l iu'  Ll ' l rVJ ",o i 'Jff i f f i r irudies slrrrrr r lrr Anrareric l 'ood chains Srre

been aff-ected by high UV enter{ng through rhe (t 'Z>c-t\L- , 'hole., '.

L .  Na+,  Cl- ,  , tA l  ,  Mg** ,  K+,  Ca++& HCOr'are major  ions of  seawater ,  found in constaqt  propor l ions around the g lobe.
As a negative iori. ct- has been tbund to enter the oceans tionr volcanoes and \)€'zffS _

F.  Whi le b ig s tornrs such as hurr icanes can be 'verv c iest rLrcr ive.  rhel ,can benef l t . the oceans V,  5,1f1\ ' r t ,  ur l  t la-b: tedJ
G. There are two tnoon-rL ' l iyed-- t ip .4 l  bulBe.s on ear th:  one l ionr  lunar  ' i lzTn ,TY .  rhc 'orhcr  on the opposi te s ide o1 ' the

Earth f rom t fu &aJlw! ' f ] , :4) rJ ' -  e l ' l 'ect  o l ' thc e l r rh tp i , 'n*- , . ' l  * rd7*r)mr)n et r r l ] -nroor)  eentcro l 'nrass
H. A neap t ic fe occurs when rhe moon and sun are e;L d:_
LOrga .n i smsrv i t hCaCOrs t r l r c tu resc i t n ru rn in toha rd rockca l l ed  / r 1y r29 ' / 1 tYuZ  andso f te r roc l<ca l l ed  C / ra t : ' / <

//;-t ' js r] . s- ytLxsllt'yq4g frt 
> r- 

-
O. Energy for  l i f -e  has to be renewed becaLrse 4 t -S ,n is  losr  ar  each.-s. tep of  a ibocl  chai4 due ro cntrop\ , .
P. In tlre deepest sea\\ 'ater, oxygen is rcasonablr higlr b..n,,r. -L/:_:UI4 tttL|_! t AltV* 

"l lU:i 
C

Q.  The  ave rage  sa l i n i t y  o f  t he  oceans  i s  abou t  i 5o , , r  r : i r i nu . rn  osn ro t i c  p ressu re  r r l ' uboL r t  (C !  n tOsn r .  An
osmoconfor lner  i r r  th is  \ \a tcr  \ \ 'ou lc l  havc arr  in tc lnal  osr lot ie  prcssure u l  _ l lQCl___nlCirnr .  r ,  t r i t , - ,  i rn  osmor(osmoconlor lner  l l )  l l IS \ \a tcr  \ \ 'Oulc l  haVc ar)  ln tcrn i t l  Ostnot te prcssure o l  _ 1I )LLL?___rnOsrn.  r rh i ie  an OSmoregulator 'S
ivould be about f5-tl -nrOsrn.

R.  
T. lV shorel i r res gc-neral l t '  are rnore c l iverse than are sandy beaches.  as predicred b, r  the Sgrt l t t_

l r  l  a t! ,o rto!,fu Hl p,rrhesis , , .  t  7. t
S.  l n  t ompe t i t i on  f . r r  n ra rcs .  r \ \ o  r r ra les  r r r i gh t  be  suo red  as l - . l i nd i ca r i nc rha r  / ' l c f l  1 " . 'S /  t l l  , .  f l i / f

T.  In  the Ni t rogen Cycle,  N2 gas needs to undergo h lk ,  f i -ybetbre orgarr isms can use i t .  l 'he Phosphorus Cycle has
no gaseous form, but  seabirds that  eat  f ish can nrove P f rom the sea to land rvhere i t  is  deposi ted as c4

A R T I C L E  |  - -  D e c . 2 0 l l

V.  In  ARTICLE l l  on the next  page, . fbr t i l izers and animal  wasre
caused dead zones as fo l lows

'J l\'4 tar

-?/ 
a,1-Q.

Elephnnt  $*a l  T rave ls  18 .S00 Mi lss
t i  

,  .  . . : t - . ,

conservat ionists has reported that a young rnale
elephant seal t racked ior the pasl year swam an
astcn ;sh ing  18 .000 mr les  - - ' ihe  ec lu : , ra len t  o {  Nerv
Ycrk  tc  Sydney.  Ausr ra l ia  - -  and back  agarn .

f / 1 t ; - , ' T 5  { . 1
' o ' J ( ' V



AI {T ICLE I l  No r ' .  201 I

Chesapeake Bay

Coming back to l i fe

P-iefss-Y-Nslu! ?01 1

A  s e r v i c e  o f  f o l  a c r o e v o  l u t r r l r ,  r - r e l

-  { i r '

A  i l e w  s t u d y  l h n t  a ' r . , r l y l t d  t 3 0  y c a r s  o f  ! ' v n i e r  q u n l i t

s a y s  e f f o r t s  t o  r e C L r a c : r ' r c  I r l v r  o i  t r r t , l  r e - s ,  d r r r u l t a l

t n d  o ' - | € i  p o l l r i l . - r . t s  r r i o  C i r r s a ! e ; l k e  B ; r y  s e c i I .  i u

r . ' T rp f  ov  r l q  t i ' e  5c ] y  : ;  h€ t l t i r ,  ] . 1 . _ ' . ;  _51 -1 ,1 r1  , ,  j r i l  I i : t ' r : j l  ; '

i:-,!-ri:t'iL-T-r,-.-!,--l...!-.:r':-L-'r,-:r!1,.r.'(.l--1..1 rl-.,'.1:.!-r, '.r'as

c c n d u c t e d  c y  r e s e e , c l ' t ' s  r r :  r '  J o ; r r ' g  ' : r l p r l . l i ; ' r s  U ; t i ' " '

t h e  U n i v € f  s i t - y  o f  f " l e r y i ; r  r c  C . j ' r t e i  f o r  l r r i ,  r o i r r l r € n t a

Thev  f ou r t d  t i r e  s i r c  o f  n ' r : c  ' - o  l J ' . e  gu r i l r r r e :

" dead  zones , '  v . , , i t e re  p i ; r  r r t s  and ' , . r : l ' ! e r  an i r - na l5  i e r . r

I e v c i c c l  o f f  r i l  d e e p  c ' r a r r r r e l s  o i  t i r e  5 3 y  d u r t n g  t t r e  1

h a s  b e e r ' \  d e c l i r r ; r r g  e . ; e r  s i : r , : c .  T h e  l , i r r : r ) g  i s  k e y  5 e
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"Vr rnw ^ syMBtorlc RELATloNsHlp.
He cu.eNs &ry rEETH; THEN I EAT HtM."


