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Preface 

Th i s  report g ives an overv iew of the research carr ied out  d u r i ng the Norweg i a n  Antaret ie  Research 
Exped i t ion  (NARE) 1 99 7/98. The work was carr ied out  from Decem ber 1 99 7  to February 1 998. The a i m  
of the report i s  to g ive a br ief overv iew of the object ives a n d  fi rst resu l ts of the research carr ied o u t  by 
the five teams that formed the Norweg ian  Anta ret ie  Research Exped it ion.  Therefore, the reader w i l l  n ot 
be i ntrod uced to ted ious  ana lyses of the data co l l ected. 

D u r i n g  th i s  exped i t ion ,  Sweden i n it i ated a new log ist ica l  out l i ne i n  cooperat ion  with South-Afr ica 
wh ich  i n c l uded a l l the N ord ie  parti c i pants. The i ntrod u ct ionary part i s  a genera l  presentat ion  of  the 
log ist i cs, the Norweg i a n  part i c ipants and the i r  affi l i at ion.  

In  the fo l l owi ng, the th ree terrestr i a l  and the two mar ine projects are presented. The terrestr i a l  projects 
were l a u nched from the Swed i s h  base, Svea, and the two Norweg ian  bases, Tro l l  and Tor. The mar i ne  
projects were carr ied out  from the South-Afr ican research vesse l S.A. Agu l has after the  terrestr i a l  team s  
h a d  been taken o u t  i n  t h e  fie ld. 

The terrestr i a l  stu d i es i n c l ude g lac io logy and eco l ogy, whereas the mar i ne stu d i es a re concentrated on  
oceanography and mar i ne b i o l ogy/chemi stry. 

Tork i l d  Tveraa & Jan-G u n nar  Wi nther 
(Ed i tors) 
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TORKILO TVERAA 

General report of the Norwegian Antaretie Research 
Expedition (NARE) 1997/98 

The Nord i c  Anta rct ic Research Programme 
(NARP) i s  a jo i nt u ndertak ing  of  F i n l and, Norway 
and Sweden, i n  wh ich the th ree nat ions  take turns  
be i ng in  charge of  the l og i st ica l  part of  the 
research exped i t ions .  Th i s  season ,  Sweden was 
the orga n i zer. Th us,  the 1 2  persons  part i c i pat i ng 
i n  the Norweg ian  Antarct i c  Research Exped i t ion  
(NARE) 1 99 7/98 jo i ned the Swed i s h  Antarct ic  
Research Programme (SWEDA R P) 1 99 7/9 8 .  As has  
been the trad i t ion ,  I ce l and ic  and Dutch 
researchers a l so part ic i pated i n  the NARP 
exped i t ions .  

NARP 1 99 7/98 was  carr ied out i n  dose 
co l l aborat ion with the South Afr ican N at iona l  
Antarct ic  Programme (SANAE) and South Afr ica  
was respo n s i b l e  for the tra nsport of  a l l  the N o rd i c  
part i c i pants between Cape Town a n d  Antarct ica .  
The trave I l  i ng raute i s  shown in  F ig .  1 .  

30° 
ATLI'NTIC OCEAN 

40° 

""" &lJth Geaga 

Falk/ard Islinls 
.�. " 

Th ree terrestr i a l  and two mar ine  p rojects were 
carr ied out d u r i ng NARE 1 99 7/98 .  The projects 
were eva l uated and g iven pr ior i ty by the N at iona l  
Com m ittee for Po l a r  Research ,  represent i ng the  
Research Cou n c i l of  N orway. The  Norweg ian  
Po l a r  I n st i tute prov i ded the necessary eq u i pment, 
and o rga n i zed the transport of perso n n e i  and 
cargo between Norway and Cape Town .  

The NARP 1 99 7/98 i nvo lved 66  peop le  i n  tota l .  
The n u mber of part i c i pants from each cou ntry 
was:  

Sweden 38  

Norway 1 2  

F i n l a n d  1 0  

The N ether lands  4 

I ce l a n d  2 

Cape TQwn /7�0 � 
30° 

40° 

40° 

50° 

(JjO 

; � Lr Ab���i�FlSI -"\..;;"'. 
���DRONNING MAUD:AND �� 

"� � q�� 
A:Jteri Øl .'j...n 1CPO 

Fig. 1 Sa i l i ng raute for SA Agu l has d u r i ng her  fi rst t r ip  
to  Antaret iea i n  1 99 7/1 998 .  Seven of the Norweg ian  
part i c i pants of  the ter restr i a l  program m e  were l a u nched 
at P i ngv i n b u kta, due  north of SANAE IV. The norther ly  
raute g ives a raugh out l i ne of  the m a r i n e  cru i se .  SAS 

1000 2000 1m , , 

Outen i q u a  fo l lowed about the same raute on the way 
down but went fu rther  west to Rampen, due  north of 
Wasa a n d  Aboa, where i t  l a u nched the F i n n i sh and  
Swed i s h  part ic i pants, and  two Norweg ian  part ic i pants .  
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Twenty- n i ne peop le  took part i n  the m a r i n e  pro
gramme:  25 from Sweden,  3 from N orway, and 1 
from F i n l and. The terrestr i a l  programme i nvo l ved 
3 7  parti c i pants:  1 3  from Sweden, 9 from each 
Norway and F i n land,  4 from The N ether l ands, and 
2 from I ce l and. 

Eq u i pment for the Norweg ian  part ies was packed 
i n  conta i ners and sent from Norway on 2 6  
September 1 99 7  and was after the arr iva l  of the 
Norweg ian  partic i pants s h i fted to the South 
Afr ican vesse l s. The Norweg ian  part i c i pants l eft 
Norway on  2 8  and 3 0  N ovember and arr ived i n  
Cape Town the day after the i r  departu re. The 
exped i t ion l eft Cape Town o n  4 December 1 99 7  
on  board t h e  South Afr ican vesse l s  S A  Agu l has 
and S.A.S. Oute n i q u a. Both vesse l s  went d i rect ly  
to  P i ngv i n bukta, due  north of  the  South  Afr ican 
Stat ion  SANAE IV. S A S. Outen i q u a  p roceeded 
fu rther west to Rampen to offload D utch ,  F i n n i sh ,  
Norweg i a n  and Swed i s h  person ne i  and cargo. 
She then retu rned to P i ngv i n bukta. 

On 1 6  December 1 99 7  seven of the ten 
Norweg ians  on board S.A. Agu l has were f lown 
from P i ngv i n bukta to Tro l l  and Tor stat ions  v ia  
SANAE IV. Th ree mar i ne  sc ient i sts rema i ned on  

10' 

65' 
O' 

board. On the same day, two parti c i pants of the 
Eu ropea n Project for Ice Cor i n g  in Antarct ica  
(EP ICA) who fo l l owed on  the SAS. Outen i q u a  
were transported from Rampen t o  Wasa. 

Cargo and mar ine  sc ient i sts sa i l ed with  the S.A. 
Agu l has back to Cape Town on 5 February 1 99 8 .  
T h e  part i c i pants o f  the terrest r ia l  programme 
fo l l owed on the S.A.S. Oute n i q u a  and arr ived i n  
Cape Town 4 March 1 99 8 .  

D u r i n g  NARE 1 99 6/9 7 the Norweg ian  Po l a r  
I n st i tute h a d  stored f u e l  a t  t h e  stat ions  Tro l l a n d  
Tor. Po la r i s  W i d e  Track snow mach i nes were a l so 
kept at Tro l l .  Some of the jet fue l  was u sed to 
refue l  the South Afr ican  he l  i copters and  th ree 
snow m ach i nes used by one of the terrestr i a l  
teams. U s i ng fue l  and snow mac h i nes from the 
prev ious  exped i t ion s ign if icant ly  redu ced the 
amou nt of equ i pment that had to be fl own out to 
the f ie ld. 

The chapters that fo l low out l i ne the five NARE 
1 99 7/98 projects, and  i n c l ude some pre l i m i nary 
res u l ts. The work i n g  areas of the terrestr i a l  team s  
are shown i n  F ig. 2 .  

10" 20' 

65' 

o·' Q()Q" . � -
o ';V '  .. 

70' � j1 - - Troll (N) �varthamaren 
lO> SANAE IV 

" . - AboaJWasa (FIS) 

�( 
/ 

a 

DRONNING MAUD LAND 

Fig. 2 A c l ose-u p  of the work ing  area for the terrestr i a l  
teams.  T h e  two part i c i pants that jo i ned t h e  Swed i sh  
E PICA project had Wasa as the i r  sta rt i ng  po int  and went 
u p  to 76°00'0 1 "  5, 008°03 '03"  W. The G l ac i o l og ica l  
team had Tro l l  as the i r  sta rt i ng  poi nt.  They crossed 
J utu l strau men, a big g lac ie r  west of Tro l l  and then went 

south to 7 3 °48'3 1 "  5, 1 ° 1 6'3 1 "  W. The b i o l og ica l  tea m  
was located a t  Sva rthamaren ( 7 1  °53 '5,  5 ° 1  O' E) ca .  1 00 
km east of Tro l l  d u r i ng the who le  seaso n .  For fu rther 
desc r ipt ion of the work i ng a reas, p l ease refer to the 
p resentat ion  of the p rojects . 
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Participants 
The part ic i pants of NARE 1 99 7/98 

Name Institution 

Knut  Gjerde N P/NMA 
Lars I .  Kar lbf N P  
Sve i n  I ngar Semb U i O/N IVA 
Tore Ton n i ng U i O  
Kr i stoffer østen U i O  
M u rat OztLirk N T N U 
El i sabeth M .  Engu m N P  
O l e  Anders Nøst N P  
Cec i l i e Andreassen N I NA 
G u ttorm N. C h r i stensen N I NA 
Per H.  O l sen N I NA/N T N U 
Torki l d  Tveraa N I NA 

I nstitutions 
Norweg i a n  I nst i tute for N atu re Research 
Norweg i a n  Po l a r  I nst i tute 

Field location 

EP ICA traverse 
EP ICA traverse 
J utu l strau men 
J utu l strau men 
J utu l stra u men 
S.A. Agu l has 
S.A. Agu l has 
S.A. Agu l has 
Svarthamaren  
Svarthamaren 
Svarthamaren 
Svarthamaren 

N I NA 
N P  
N T N U 
U i O  
N IVA 
N MA 

Norweg ian  U n ivers i ty of Sc ience and Tech n o l ogy 
U n ivers i ty of Os lo  
Norweg i a n  I nst i tute for Water Research 
Norweg i a n  Mapp i ng Author i ty 

Function 

Geodesy/g l a c i o l ogy 
/I (team l eader) 

G l ac i o l ogy 

/ I  (team l eader) 
B io l ogy (team leader) 
Ocea nography 

/I (team leader) 
B io l ogy 

/ I  

/ I  (exped i t ion  l eader) 
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LARS KARLOF, KNUT GJERDE & JAN-GUNNAR WINTHER 

EPICA Dronning Maud 
Land pre-site survey 

Background 
T h e  a i m  o f  t h e  deep dr i l l i ngs i n  Antarct ica  with i n  
the Eu ropean Project for I ce Cor i n g  i n  Antarct ica 
(EP ICA) i s  to der ive h igh reso l ut ion  records of  past 
cl i mate and atmospher ic  compos i t ion .  

The  EP ICA dr i l l i ngs w i l l  take place a t  two d ifferent 
locat ions; one at Dome Concord i a  ( Dome C) and 
one in D ron n i ng Maud Land (DML) .  F i n d i ngs 
from deep co res retr i eved from the northern 
hemisphere (G reen land)  show remarkably stable 
temperatu res d u r i ng the last ten thousand years 
wh i le the per iod before shows rap id  changes i n  
c l i mate . One of the q uest ions  the ana lys i s  of the 
deep cores at Dome C and in  DML hopefu lly w i l l  
answer, i s  whether the cl i mate patterns  d i scovered 
in the northern hem i sphere a l so can be seen i n  
Anta rct ica .  H ave the cl i m ate events seen i n  the 
northern hem i sphere cores a global  coverage? I f  
so,  are they tr iggered in  the north or  in  the south ? 
The hope i s  that the Dome C core wi l l  p rov ide 
sc ient i sts with an u n d i stu rbed cl i m ate record of 
more than 5 00 kA. I n  order to get a better a n n u al 
reso l ut ion  the second core ( D M L) wil l  be dr i l led 
i n  an area with  a h i gher  accu m u l at ion  ( 1 0- 1 5 c m  
w .  eq ./a) ,  than  a t  D o m e  C ( » 3 c m  w .  eq./a) . 

I n  order to fi nd a su itable dr i ll l ocat ion  for the 
deep core in DM L, a n u m ber  of pre-s i te su rveys 
have been conducted s i nce the 1 995/9 6  season 
(Wi nther et a l .  1 997 ) .  I n  the 1 99 7/98 austra i 
summer, a Nordie group conducted a pre-site 
su rvey along a traverse on A m u n dsen i sen with the 
ma i n act iv i t ies performed at 76°5, 8°W. D u r i n g  
th i s  fi e ld  sea s o n  also Germany and B r i ta i n  made 
s i te su rveys on  Amu ndsen i sen,  with  the German 
act iv i t ies l ocated to the northeast and  the B r i t i sh  
to  the southwest. The  Nord i c  traverse team 
cons i sted of person ne i  from 5weden,  the 
Netherlands and  N orway. The Norweg ian  
part i c i pants where i nvolved i n  G P5 s u rvey i n g  and 
i ce core dr i l l i ngs .  

The m a i n  object ive of the N ord ic  DML pre-s i te 
su rvey was to determ i ne the var iab i l i ty of the 
cl i mate d u r i ng the last 2 00- 1 000 years, both on 
the polar plateau ( 1 000 a) and the coastal area 
(2 00 a). The c r i ter ia  for choos i ng the dr i l l  s i te at 
Amu ndse n i sen  are the same as for a presumab le  
deep dr i l l  s i te; i . e .  low ice ve loc i ty and  a n  
acc u m ulat ion  rate o f  approx i mate l y  5 0 - 7 0  m m  w. 
eq ./a . G iven these cond i t ions  a 1 00- 1 5 0  m core 
should reach back more than 1 000 years i n  t ime .  
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Itinerary 
For trave i l i ng, two band wagons  ( H agg l u nds LT4l, 
two snow mach i nes (Yamahal and  two jeeps 
(Toyota Landcru i se rl were u sed . The snow 
mach i nes and the jeeps were a l so u sed for radar  

and G PS su rvey i ng .  For gro u n d  reco n n a i ssance of 
the route o n l y  s now mach i nes were u sed . The 
route trave l l ed i s  the same as u sed by p rev ious  
SWE DARP exped i t ions  ( F ig .  1 l .  

Time table 
0 4  Dec. 1 99 7  
09 Dec. 
1 3  Dec. 
1 3  Dec. 
1 4  Dec. 
1 6  Dec. 
1 7  Dec. 
1 8  Dec. 
1 9  Dec. 
2 1  Dec. 
2 2 -2 3  Dec. 
23 Dec.-2 jan .  
2 9  Dec. 
02 jan .  1 998 

03 jan .  
03-06 jan .  
0 6  jan .  
07  jan .  
0 8  jan .  
0 9  jan .  

1 0  jan .  

1 2  jan .  
1 4  jan .  
1 5  jan .  
1 5 - 1 7 jan .  
1 7  jan .  
1 8  jan .  
1 9  jan .  
1 9-2 1 jan .  
2 2  jan .  
2 6  jan . - l l Feb . 
2 9  jan .  
3 0  jan .  
3 1  jan .  
0 4  Feb .  
05 Feb .  
09 Feb .  

1 7  Feb .  

Leav i n g  Cape Town 
Pass i ng 60° S 
Arr iv i ng at Rampen 
Reco n n a i ssance fl ight  a l ong the route to Wasa 
U n l oad i n g  of S .A .S .  Outen i q u a  starts . G PS su rvey on  Veststrau men 
U n l oad i ng fi n i shed.  G PS su rvey north of Wasa 
Snow mach i ne traverse mark i ng the route to Wasa 
G PS su rvey at Wasa 
D r i l l i ng of a 1 5  m fi rn core at s i te 1 090, erect i ng an  automatic weather  stat ion (AWSl 
D ri l l i ng team l eaves for Scharffenbergbotnen 
Estab l i sh i ng d r i l l  camp 
D r i l l i ng one 54  m ice  core at  s i te S B 1 ,  Scha rffenbergbotnen 
G PS su rvey in  Scharffen bergbotnen,  estab l i sh i ng reference stat ion at Svea base 
Stake su rvey i n g  in Scharffenbergbotnen . Start cont i n uous  ru n n i ng of reference 
stat ion at Svea base 
Start of the E P I CA-traverse to Amu ndse n i sen  
K i nemat ic G PS su rvey i n g  a long  the traverse route 
F i rst party reaches d r i l l  s i te Camp Victor ia  
D r i l l i n g  of  a s h a l l ow 2 0  m fi rn core at  Camp Victor ia  
Arr iva l  of  band wagons  with heavy equ i pment 
Estab l i sh i ng d r i l l  camp, con struct ion of ice lab  and estab l i sh i ng G PS reference stat ion  
at  Camp Victor ia  
0 1  :00 p .m .  Sta rt of  the  med i u m  long core d r i l l i ng, G PS s u rvey i ng a 2 0x2 0 km square 
gr id  aro u n d  the d r i l l  s i te 

G PS su rvey of AWS and d r i l l  s i te 
Start of the s h a l low fi rn cor i ng programme 
Start ana lys i ng  s h a l l ow fi rn cores by  ECM 
K i nemat ic G PS su rvey i n g  of s u rface topography with i n  the grid net 
Stop d r i l l i ng at a depth of 1 3 2 .9 m 
Re-su rvey i ng of gr id  net 
Band wagons  start retu rn tr i p  
K i nemat ic G PS su rvey o f  t h e  traverse route 
CIos i ng reference stat ion at Svea base. Start d r i l l i ng 2 nd core at Sch arffen bergbotnen 
K i nematic and stake su rvey i ng on  R i tscherf lya 

CIos i ng down Scharffen bergbotnen d r i l l  cam p  
Estab l i s h i ng d r i l l  camp 1 0  km south o f  Basen,  construct ion  o f  ice lab  
Start d r i l l i ng core CM 1 

Stop dr i  I l  i ng co re CM 1 ,  reached depth 1 03 .4 m 
Start d r i l l i ng core CM 2 
Stop d r i l l i n g  core CM 2 ,  reached depth 1 04 . 7  m 
Re-su rvey i n g  i n  Veststrau men,  d r i l l i ng of one sha l l ow fi rn core i n  Veststrau men 
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lee cores 
D u r i ng the 1 997/98 E P I CA pre-s i te su rvey, two 
dr i l l i n g  campaigns  were conducted . The d r i l l  s i tes 
were s i tuated on Amu ndsen i sen 76°00'0 1 /15, 
008°03 '03 /1W, approx i mate l y  5 5 0  km from the 
coast at an  e levation  of 2 400 m as I .  n amed 

/lCamp Victor ia/l, and on  Maudhe i mvidda 
70°06' 1 9 /15, 0 1 3 °09'54/1W approx i m ate l y  1 0  km 
from the Swed i s h  stat ion  WA5A, some 1 40 km 
from the coast, named "Cam p  Maud h e i m v i dda/l 
( F i g .  1 l. 
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Fig. 1 Map showing  the study a rea.  The so l i d  l i ne i n d i cates the trave l route. 
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I n  order to est i mate the snow accu m u l at ion a l l  
cores wi l l  b e  ana lysed for major  ions ,  oxygen 
i sotope, b-act iv i ty, e l ectr ica l  conductiv ity 
measu rements ( ECM), and d i e l ectr ic propert ies 
( D E P) .  F u rthermore, to obta i n  knowl edge about 
the snow accu m u l at ion var iab i l i ty, snow radar  
measu rements were conducted around  the d r i l l  
s i tes .  To get a more deta i l ed p ictu re of the 
var i ab i l i ty of snow l ayer ing, a 1 2  x 1 6  x 3 m deep 
p i t  was dug. Dens i ty and ECM measu rements 
were taken at th ree d i fferent vert ica l  profi l es 
a long  the wa l l .  Samples for ion  ana lys i s  were 
taken o n l y  at one profi l e  due  to l ack of t i me.  At 
fou r  d i fferent locat ions  Automatic Weather 
Stat ions  were erected by Dutch part ic i pants . For 

deta i I s  on the radar, snow var iab i  I i ty, and the 
meteoro l ogy program me, p l ease see G ran l u nd et 
a l .  ( i n  press) . 

The d r i l l i n g  progra m m e  i nc l uded both med i u m  
long a n d  s h a l l ow fi rn/ ice cores . The s h a l l ow cores 
were d r i l l ed in the corners of a 1 0  km gr id  
centred aro u n d  the med i u m  long core d r i l l  s i te .  At 
Camp Maudhe i mvidda the gr id  was seven 
k i lometres wide .  At d r i l l  s i te Camp Victor ia  one 
1 3 3 m core and five 1 0-2 0 m co res, and at  Camp 
Maudhe i mv idda, two med i u m  long cores ( 1 04 
and 1 03 m)  and five 1 0 m cores, were retr ieved . 
The two med i u m  cores at Camp Maudhe i mvidda 
were d r i l l ed five metres apart (Tab le  1 ) . 

Table 1 I nformation on d r i l l  s i te l ocat ions, d r i l l  depth and 1 0 m tem peratu re. N . a .  means not ava i l ab le .  

Site 

Camp Victor ia  

CVc 

CVd 

CVe 

CVf 

Camp Maudhe i mvidda 

1 040 

1 042 

1 002 

1 044 

1 090 

Location 

76°00 '01  "5 
008°03 '03 "W 

75°54 '3 0 "5  
007°40' S8 "W 

76°05 '4 1 "5 
00 r3 7'44 "W 

76°05 ' 4 1  "5 
008°2 2 ' S6 "W 

75°54 ' 5 9 "5 
008°2 2 ' S6 "W 

73 °06' 1 9 "5 
0 1 3 °09' S3 "W 

73 °04 ' 0 1  "5 
0 1 3 °06' S2 "W 

73°07 '59 "5 
0 1 3 °06' SS"W 

73°07 '59 "5 
0 1 3 ° 1 7 '3 S"W 

73 °03 ' 5 5 "5 
0 1 3 ° 1 6' SS"W 

72°45'09 "5 
0 1 S02 9 ' S6 "W 

Elevation 
(m asl.) 

2 3 99 

2 4 1 9 

2 4 1 1 

2 3 80 

2 3 92 

3 62 

3 94 

3 72 

2 9 7  

3 1 7 

3 4  

Medium long Shallow firn 
firn core (m) co re (m) 

1 3 2 , 9  

1 03 , 4  
1 04 , 7  

2 0,2  

1 3 , 3  

1 0, 1  

1 3 ,2  

1 3 ,4  

1 0,2  

1 0, 3  

1 0, 1  

1 0, 1  

9 , 9  

1 5 , 1  

-3 8, 1 

-3 9, 1 

- 3 8 , 6  

-3 9 ,0  

-3 7 ,8  

-1 7 ,4  

- 1 7 , 8  

- 1 7 , 6  

-1 7 ,6  

- 1 7 ,5  

N . a .  
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Methods, instruments and 
pre l iminary resu Its - ice co res 

Medium firn co res 
When dr i l l i n g  the med i u m  long fi rn cores, a d r i l l  
p rov i ded from I MAU ( Utrecht U n ivers i ty) deve l 
oped i n  d ose co-operat ion  w i t h  B r i t i sh  Antarct ic  
Su rvey ( BAS), was used.  The dr i  I I  system cons i sts 
of th ree parts; d r i l l , w i nch and control boxes . The 
d r i l l  is powered by a 4 kW Honda generator. The 
d r i l l  is d iv ided in th ree v i ta l  parts, the ant i  torque 
sect ion  (wh ich prevents the d r i l l  from rotat i ng 
wh i l e  d r i l l i ng), the eng i ne and the barrel  with the 
cor i ng  auger. The core p ieces are 90- 1 2 0  cm long  
and have a d i ameter of  1 05 m m  ± 1 mm 
depe n d i n g  on  how the cutt i ng  kn i fes have been 
set. I t  took around 4-6 days to d r i l l  1 00 m, 
depe n d i n g  on  the snow cond i t ions  ( F ig .  2 ) .  

Shallow firn co res 
The sha l l ow fi rn cores were d r i l l ed with  a P ICO 
(Po l a r  Ice Core Office) l i ghtwe ight  cor i n g  auger. 
The d r i l l  con s i sts of a cor i n g  auger with  1 m and 2 
m extens ions .  The barre I and the extens ions  are 
made of po l yester and they con nect to each other  
with p ins .  The i n ner d i ameter of  the barre i  i s  75 
mm. To rotate the d r i l l  a R I D G I D  600c hand 
th read mach i ne 220 v/1 2 00 W was used .The d r i l l  
was powered e ither with  a 6 kW Honda generator 
or d i rect ly  connected to the trave l power u n i t on  
the  Jeep. 

The normal l ength of each core p iece was 40 cm. 
I t  takes th ree persons approx i mate l y  2 -3 h to d r i l l , 
ad m i n i strate and pack a 1 0 m core. S i nce the top 
metre of snow aro u n d  Camp Victor ia  was poor ly  
s i ntered, the  dens  i t  y of  the u ppermost metre was 
measu red by tak i ng snow samp les in a snow p i t. 

Density measurements 
Dens i ty measu rements were conducted on a l l  
cores d u r i ng the pack i n g  a n d  adm i n i strat ion  
proced u res.  The  depth dens i ty data for the  
sha l l ow cores around  Camp Victor ia  shows a 
mean dens i ty of 408 kglm3 for the l - 1 0 m 
co l u m n ,  with  a standard dev iat ion  of 8 .4 kg/m3 •  
Same parameters for t h e  C a m p  Maudhe i mvidda 
revea l  the res u l ts; mean dens i ty 522 kg/m3,  
standard dev i at ion 7 .4  kglm3 •  

Depth dens i ty cu rves for t h e  med i u m  long  cores 
show a fi rn/ice trans i t ion  (pore dosure at dens i ty 
830 kg/m3) at 7 1  m depth at Camp Victor ia  and at 
5 3  m depth at Camp Maudhe i mvidda .  

Observat ions  of  the core d u r i n g  pack i n g  s uggest 
pore d ose off at approx i m ate l y  the same depth . 
The d i stu rbance i n  the end of the dens i ty cu rves 
for the med i u m  cores corresponds to the br i tt le  
ice that  occurred at  these depths ( F ig .  3 ) .  

Fig. 2 The d r i l l  u sed for the med i u m  l o n g  cores 

Electrical conductivity measurements 
A l l  the s h a l low fi rn cores were a n a l ysed by means 
of E l ectr ica l  Conduct iv i ty Measu rements ( ECM) . 
The ECM was measu red i n  accordance with the 
tech n ique  descri bed by H a m mer ( 1 980) .  The ECM 
i nstru ment i s  m a n ufactu red at Icefie l d  I n stru ments 
I nc. ,  Yu kon, Canada.  It i s  a portab l e  u n i t that r u n s  
from a n  i nterna l  battery and  records cond uct iv i ty 
data d ig i ta l l y. The u n it records u p  to 1 8  m of ice 
core before it i s  req u i red to transfer data to a Pc.  
The e l ectrode spac i n g  i s  20 m m  and the app l ied 
vo l tage is 947 VD.  

Each core p i ece, norma l  l y  3 5 -45 cm l ong, was 
p l aned with  a m icrotome a l ong the core ax i s .  The 
w idth of the p l a ned su rface was 3 -4 cm . 
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Fig.3 Dens i ty vs.  depth for two of the med i u m  l o n g  cores. The fi r n /ice tra n s it ion i s  marked with a so l i d  l i ne .  

Afterwards, a core stratigraphy was estab l i shed 
i nc l u d i n g  notes on  gra i n  s ize, softer/harder l ayer 
and ice l enses.  A l so, the tem peratu re of the core 
p iece was recorded . S i nce the cond uct iv i ty i s  
tem peratu re dependent i t  i s  i mportant to conduct 
the measu rements i n  an env i ron ment with stab le  
tem peratu re and p rotected from d i rect so l a r  rad i 
at i o n .  I n  order to  fu lf i l these req u i rements a l l 
ana lys i s  were made i n  a snow p i t .  The snow p i t  
d i mens ions  were 7 x 3 x 2 . 5 m .  The ro  of  was 
made out of p lywood p l ates that were supported 
by 2 /1 x 4/1 p l a n k. The p lywood p l ates were cover
ed w i th a wh ite canvas and snow. The tempera
tu re in the fie l d  lab on  Amu ndse n i sen was - 1 7 °C 

and i n  the lab at the d r i l l  s i te on  Maudhe i mvidda 
-9 °C.  To avo id  tem peratu re fl uctuati ons  w i th i n  
the core d u r i ng the measu rements a l l  cores were 
stored i n  the l ab  for at l east 1 5  h before the 
measu rements of a specif ic core sta rted.  

Resu l ts from the ECM measu rements conducted 
on the co res from Camp Victor ia  show some 
d ifferences in the pos i t ion of peaks der ived from 
vo lca n ic erupt ions .  Th i s  makes it d ifficu l t  to get a 
good esti mation  of the mean a n n u a l  
accu m u l at ion for t h e  Camp Victor ia  d r i l l  s i te .  The 
pre l i m i nary u ncorrected ECM res u l ts for Camp 
Victor ia  suggest a mean accu m u l at ion  rate of  8 
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cm w. eq .la . Th i s  va l ue corresponds to a cu rrent 
( mA) r i se at 7 m depth and is i nterpreted as the 
hor izon from the Agu ng 1 963 ( B a l i )  erupt io n .  A 
r i se i n  the cu rrent at 1 5 . 8  m depth m ight 
correspond to the Krakatoa ( 1 883)  erupti o n .  The 
mean a n n u a l  accu m u l at ion for that t ime span is  
l ower, 6 cm w. eq .la (F ig .  4 ) .  These va l ues 
correspond q u i te wel l with accu m u l at ion rates 
der ived from p i t  stud i es done at approx i m ate l y  
t h e  s a m e  e levat ion d u r i ng t h e  93/94 ITASE 
exped i t ion (Sten berg et  a l .  in  press) . Later D E P  
ana lys i s  confi rm a mean accu m u l at ion rate of 
approx i m ate l y  6 cm w. eq .la at Camp Victor ia .  

At  Camp Maudhe i mvidda i t  i s  ant ic i pated that a 
1 0 m core reaches approx i m ate l y  1 0- 1 5 years 
back in t ime .  The ECM data shows a peak at 5 . 8  
m depth wh ich,  after pre l i m i nary i nterpretat ion ,  i s  
suggested a s  the erupt i on  o f  P i n atu bo, Ph i l i pp i nes 
( 1 99 1 ) .  That g ives a mean accu m u l at ion rate of 44 
cm w. eq .la at dr i l l  s i te Camp Maudhe i mvidda 
(F ig .  4 ) .  

Ten metres temperature 
The 1 0 m tem peratu re measu rements were 
performed with a therm i stor str i ng .  To avo id  w i n d  
p u m p i n g  with i n  t h e  h o l e  d u r i ng t h e  stab i l i s i ng 
t i me, the ho le  was sea led with a n  i nfl ated p l astic, 
bag and snow. The therm i stor str i ng  was l eft i n  the 
hole for at l east 1 2  h before the fi rst read i n g  was 
conducted. The data from the measu rements show 
some devi ations .  The mean 1 0 m tem peratu re for 
Camp Victor ia  and Camp Maudhe i mvidda are 
-3 8 . 5  °C (SD = 0 . 5 )  and - 1 7 . 6  °C (SD = 0 . 1 5 ) .  The 
temperatu re dev iat ions  can probab ly  not so l e l y  be 
exp l a i ned by e l evat ion d i fferences nor d i fferent  
length of a i r  co l u m n  stab i l i s i ng per iod . For deta i l s  
on  the 1 0 m temperatu res on  each locat ion see 
Tab le  1 .  

D u r i ng the exped i t ion a new tech n ique  of 
measu r i n g  tem peratu res i n  boreho les was tested . 
The idea i s  that by forc i n g  the therm i stors towards 
the wa l l  of the ho le  the re l axat ion t ime of the 
measu rements shou l d  be red uced . When 
measu r i n g  with a therm i stor str i n g  hang ing i n  the 
ho le, the temperatu re measu red i s  the a i r  
temperatu re, natu ra l l y  the obta i ned va l u e  i s  
sen s i b l e  to a i r  movements i n  t h e  a i r  co l u m n  i n  
t h e  h o l e .  To press t h e  therm i stors towards the 
wa l l , an  i nfl atab le  ru bber tube was u sed . The tube 

fi l l s  up  the d i ameter of the h o l e, and th u s  p revents 
u n stab le  a i r  to f low arou nd the therm i stors 
thereby d i sturb i ng the measu rements.  When 
measu r i n g  the a i r  tem peratu re, the re l axatio n  t ime 
i s  about  1 2 - 1 5  hou rs (Seppa la, 1 992 ) .  The 
pre l i m i nary resu l ts from the tests with the new 
tech n i que  show a stab i l i satio n  period of 
approx i m ate l y  1 h o u r, wh ich is s ign if icant ly  
shorter than measu r i n g  with a free- h a n g i n g  str i ng .  

Surface topography and ice velocity 
Aims 
G PS measu rements were performed i n  
Veststrau men,  aro u n d  Wasa (73 °02 '3 4"5, 
1 3 °24 '5 0"W) and Svea (74°34'3 6"5, 
1 1  ° 1 3 '2 3 "W), and at A m u ndsen i sen (76°00'01  "5, 
008°03 '03 "W) d u r i n g  the exped i t ion .  To measu re 
ice ve l ocity and ice deformat ion we u sed stra i n  
nets on  Veststrau men,  a ro u n d  Wasa, a n d  o n  
Amu ndse n i se n .  To determ i n e  su rface topography, 
cont i n uous  k i nemat ic G PS measu rements were 
performed a l ong the track Svea-Am u ndsen i sen,  
on  Amu ndse n i sen,  and  o n  Maudhe i mv idda 
arou nd Wasa.  

Methods and equipment 
Measu rements were performed by Ashtech Z-X I I  
d u a l  freq uency G PS rece ivers. A tota l of five G PS
receivers were u sed . PC for down load i n g  and 
process i ng of  the data was  brought to  Wasa, Svea, 
and A m u ndse n i se n .  The data were processed by 
u s i ng Ashtech P R I SM software.The stra i n  nets 
were processed on L 1 ,  Wide lane or by us i ng the 
PNAV k i nematic software. The k i nematic G PS 
measu rements were processed by u s i n g  the PNAV 
k i nematic software. Data were co l l ected eve ry 1 0  
seconds with an  e l evat ion mask of 1 0  degrees. 
D u r i n g  the fi rst measu rements in Veststrau men we 
u sed epoch i nterva l s  of 1 5  seconds, and some 
k i nemat ic measu rements on  Maudhe i mvidda 
were performed with epoch i nterva l s  of  1 second .  
The  stakes i n  the  stra i n  net were observed for 
approx i m ate l y  1 hou r or more.  Z i p  d i skettes were 
u sed for backup .  

On  Veststrau men a new reference pos i t ion was 
measu red on Pagod romen by u s i n g  Wasa 
tr igonometr i  c poi nt as a reference stati o n .  
Pagodromen was used as a reference stat ion for 
the stra i n  net i n  Veststrau me n .  
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Fig. 4 ECM profi l es from th ree sha l l ow fi rn cores ret r ieved at Camp Vi ctor ia  and Camp Maudhe imv idda .  I and  I l  
i n d i cate suggested depths of  the hor izons from the Agu ng ( 1 963 )  and Krakatoa ( 1 9 8 3 )  erupt ions, respective l y. I I I  
i n d i cates a suggested depth of the P i n atubo ( 1 9 9 1 ) erupti o n .  

At Svea a new reference stat ion  was pos i t ioned on  
the roof of  the h u t  by  u s i ng Svea tr igonometr ic 
po i nt as a reference stat ion .  The Dutch 
meteoro log ists cont i nuous ly  operated the 
reference stat ion  d u r i ng the traverse to,  and d u r i ng 
the work on ,  Amu ndsen i sen . They were equ i pped 
with  two Ashtech Z-X I I , PC and Z i p  d i skettes for 
down l oad i ng data and backu p .  One of the G PS 
receivers was u sed as backup.  A l oca l reference 
stat ion  was pos i t ioned on Amu ndse n i sen and used 
as a reference stat ion  d u r i ng o u r  work there .  

Fieldwork and pre l iminary resu lts -
geodesy 
As ment ioned above, the G PS programme was 
concentrated in th ree d i fferent areas and in two 
program mes, i .e .  ve l ocity measu rements and 
k i nemat ic measu rements for the determ i nat ion of 
su rface topography. 

U s i ng South Afr ican Puma he l icopters for 
transport, fou r  stakes were set out  on  
Veststrau men and su rveyed in  the begi n n i ng and 
at  the end of  the exped i t ion .  Pagodromen was 
u sed as a reference stat ion  for the measu rements 
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on Veststrau m e n .  The prel i m i nary resu I ts show a 
standard dev iat ion better than 0 . 1  m rel ative to 
Pagodromen for the stakes . Pagodromen shows a 
standard dev iat ion better than 0 . 1  m re l at ive to 
Wasa stat io n .  Prel i m i nary resu l ts show that the 
stakes move between 1 2 0 and 1 90 m. a n n u a l l y. 

Table 2 

those stakes. The ca l c u l ated a n n u a l  movement for 
the stakes put  out  the p rev ious  year  were between 
8 and 5 6  m .  For deta i l s  o n  stake measu rements 
see Tab l e  2 .  and F ig .  6 .  

For the su rvey i n g  on  A m u ndsen isen a l oca l 

I nformation on stake l ocat ions  and the i r  su rveyed ve loc i ty and  d i rect ion .  * i n d i cates that the 
va l ue i s  not stat i st ica l l y  prove n .  

Stake no. Location 

1 040 73 °04'0 1 "5 0 1 3 °06'52 "W 

1 042 73°07 '5 9"5 0 1 3 °06' 5 5 "W 

1 043 (CM) 73 °06' 1 9"5 0 1 3 °09'5 3 "W 

1 044 73 °03 ' 5 5 "5 0 1 3 ° 1 6 '5 5 "W 

1 003 73 ° 1 2 '03 "5 0 1 3 ° 1 2 ' 5 3 "W 

1 002 73°07 '5 9"5 0 1 3 ° 1 7 '3 5 "W 

1 088 76°02'43 "5 008° 1 1 ' 3 3 "W 

1 089 76°02 '44"5 007°48'4 3 "W 

1 095 75°5 7 ' 1 9"5 008° 1 1 ' 1 8"W 

1 09 6  75°5 7'00"5 007°52 '3 1 "W 

980 1 73 °00' 1 0"5 0 1 3 °08'2 1 "W 

9802 73 °00'2 7"5 0 1 2 °49'09"W 

9803 73 °00' 1 9"5 0 1 2 °3 0'06"W 

9804 73 °00'09"5 0 1 2 ° 1 1 '3 9"W 

9806 73 °00'0 1 "5 0 1 1 °2 1 '3 9"W 

1 09 1 7r5 7'40"5 0 1 3 ° 3 5 '2 3 "W 

1 092 72 °5 4'2 5 "5 0 1 3 °4 3 ' 5 3 "W 

1 093 72 °5 6'3 3 "5 0 1 3 °3 8'08"W 

1 094 72 °59 '5 9"5 0 1 3 °2 8'2 7"W 

1 048 72 °52 ' 1 3 "5 0 1 2 °4 1 '5 6"W 

1 045 72 ° 5 8 ' 5 7" 5  0 1 3 ° 1 2 '49"W 

1 086 74°02 '5 0"5 0 1 5 °24'2 7"W 

1 086 74°0 1 '2 3 "5 0 1 5 °02 '40"W 

1 08 7  73°58 '3 0"5 0 1 5 ° 1 2 ' 1 8"W 

Around  Wasa on  Maudhe i mvidda a l together 1 1  
stakes were set out before and after the traverse. 
( F ig .  5 )  The stakes were a l l  su rveyed twice .  Fou r  of 
these stakes were s i tuated around  the d r i l l  camp 
at  Maudhe i mvidda .  A l l of them are mov i n g  in  a 
wester ly  d i rect ion with a ve loc i ty of 1 . 5 - 7 m/a . 

We a l so re-su rveyed 7 stakes estab l i shed i n  
February 1 99 7  by 5joberg (5joberg et a l . ,  1 997,  
1 998) .  The prel i m i nary resu l ts show a standard 
dev iat ion  better than 0 .05  m re l ative to Wasa for 

Velocity m/a Direction 

1 .46  2 74° 

7 . 2 7 2 7 1  ° 

3 .3 9  2 5 1  ° 

2 . 88 2 44° 

1 3 . 1 1 3 0 5 °  

2 1 . 75 2 96° 

0 . 6 9 *  3 2 0°* 

1 . 2 5 * 1 2 5 °* 

0 . 6 1  * 2 84°* 

0 . 6 8 *  1 2 5 °* 

8 . 4 7  2 99° 

3 0 . 8 7  2 93 °  

5 6 . 1 3 3 0r 

5 5 . 5 7  3 1 3 ° 

2 8 . 1 1 3 2 5 °  

1 3 .6 1 2 4 5 °  

1 .42 2 4 1  ° 

6 . 1 4  2 73 °  

1 5 . 1 5 2 3 3 °  

6 1 .4 2 98°  

1 9 . 3 9  2 83 °  

1 94 . 2 0  2 54°  

1 2 0 .40 2 54°  

1 89 . 62 2 4 1  ° 

reference po i nt was estab l i s hed at Camp Victor ia .  
The  reference po i nt was su rveyed i n  the beg i n n i ng 
and at the end of the per iod at Amu ndse n i sen  (9 
days) . Fou r  stakes in a 1 0  x 1 0  km net were 
estab l i shed and measu red at the beg i n n i ng and 
the end of  our  stay on  the p l ateau (6  days) . The 
prel i m i nary resu l ts show a standard dev i at ion  
better than 0 .03 m re l ative to  the  loca l  reference 
po i nt for the stakes. The local reference po i nt 
shows a sta ndard dev iat ion  better than 0 . 1 0  -
0 . 1 5 m rel ative to Svea . Pre l i m i nary resu l ts show 
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sma l l  or no ice ve l oc i ty for the stakes, together 
with  i ncons i stent d i rect ions .  

The su rvey programme for su rface topography 
was conducted from a Toyota Landcru i ser and 
snow mach i nes.  For the su rvey arou nd 
Maudhe i mvidda the Toyota Landcru i ser was 
equ i pped with snow radar and a G PS rece iver for 
k i nemat ic su rvey i n  a 1 0  x 2 0  km net, with a 1 0  
seconds l ogg i n g  i nterva l .  We a l so measu red a 
sma l le r  net (5 x 5 km) with snow radar  and G PS 
with  1 second logg i n g  i nterva l .  The data 
p rocessed so fa r s how a standard dev iat ion better 
than 0 . 2 0  - 0 . 3 0  m for most of the t ime .  Some 
sma l l gaps (no data) are fou nd in the data sets . 

D u r i ng the traverse the Toyota Landcru i ser was 
equ i pped with a G PS rece iver and we su rveyed 
from Svea to 75 °S, 1 OOW on the way south . O n  
t h e  return  tr i p  k i nemat ic G PS su rvey i ng was 
con d u cted from the d r i l l  s i te on Amu ndsen isen 
(76°S, 8°W) and back to Svea . The data processed 
so far show a standard dev i at ion  better than 0 .40 
- 0 .50 m for most of  the t ime .  There i s  a gap of 
data for 1 hou r becau se the receiver at Svea h ad 
to be down l oaded . D u r i ng that per iod a reference 
stat ion on  SANAE was used. The standard 
dev i at ion for t h i s  parti c u l a r 1 hou r event i s  better 
than 1 . 5 - 2 m .  

D u r i ng t h e  stay on  Amu ndsen isen t h e  p l a n  was to 
conduct k i n emat ic  G PS measu rements together  
with the radar  meas u rements.  B ut due to tech 
n ica l  prob lems w i th t h e  radar, o n l y  a few h o u rs 
of surveying were performed. The rest of the GPS 
and the k i nemat ic G PS measu rements were for 
the per iod on Amu ndse n i sen,  operated fro� a 
s l edge towed by a snow mach i ne .  A 2 0  x 2 0  km 
gr id  was measu red by routes every 5 km north to 
south and east to west. The data processed so far 
show a standard dev iat ion better than 0 . 2 0  - 0 . 3 0  
m for most o f  t h e  t i m e .  Svea w i l l  b e  used a s  a 
reference stat ion for some parts of the data, and a 
standard dev i at ion  better than 1 m can be 
ach i eved for these data . 

Condusion 
The exped it ion can be  descr i bed as  successfu l .  
A lmost a l l  of the p lan  ned act iv i t ies were carr ied out. 
The presented acc u m u l at ion rates are prel i m i nary 

and wi I l  most probab ly  be corrected after the 
l aboratory ana lyses h ave been carr ied out .  

I t  i s  expected that the knowl edge about the 
present year ly  weather  pattern w i l l  i ncrease when 
the data from the AWS are ava i l ab l e .  The data w i l l  
hopefu l l y a l so exp l a i n  the var iab i l i ty of the 1 0 m 
tem peratu res . The res u l ts of i ce ve loc i ty at Cam p  
Victor ia  shou l d  b e  i nterpreted caut io u s l y  s i nce the 
su rveyed changes in  pos i t ion  of the stakes a re not 
stat i st i ca l l y  prove n .  
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Fig. 5 G PS su rvey i n g  a t  Maud h e i m v i dda 
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Fig. 6 l ee f low d i reet ions  a rou n d  the n u natak Basen, as measu red by G PS .  
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Cec i L i E  ROLSTAD, JON OVE HAGEN,  KRISTOFFER  ØSTEN,  TORE TON N I N G  & SVE I N  I N GAR SEMB 

A study of the ice dynamics of Jutulstraumen drainage 
area, by means of remote sensing 

I ntroduction 
Due to  i nc reased amount  of  h u man produced 
green house gases in the atmosphere, sc ient i sts 
expect a g l oba l  warm i ng.  Two poss i b l e  
consequences o f  t h e  pred i cted warm i ng a r e  1 )  a 
r i se i n  g loba l  sea l eve l and 2 )  i ncreased 
accu m u l at ion rate i n  the coasta l a reas of 
Antaret ica .  The sens i t iv i ty of the Antaret ie  i ce 
sheet i n  response to d i mat ic changes i s  u n known 
(J acobs, 1 992) ,  and th i s  i s  cu rrent ly  bei ng 
i nvestigated by g lac io log i sts by means  of 
n u mer ica l  mode i s .  

Mel t i ng o f  i c e  sheets and g lae iers, together with  
the therma l  expans ion  of  oceans,  contr i bute to 
the ra i se of sea l eve l .  There is no agreement about 
how much the me l t i ng  of the Antaret ie  i ce sheet 
has cont,r i buted to the i ncrease of sea l eve l i n  the 
past .  Esti mates of the tota l sea- Ieve l r i se d u r i n g  
t h e  l ast 1 00 years vary from O - 2 00 m m/a 
( D rewry, 1 996 ) .  For the fi rst esti mate, the ice  
sheet reduced the sea l eve l by 5 0  m m/a th rough 
accu m u l at ion ,  wh i le for the second esti mate i t  
i nc reased the l eve l by  5 0  m m/a th rough mel t i ng .  
The present u ncerta i nty of how ice sheets wi l l  
respond to d i mate change i s  l a rge l y  the res u l t  of 
o u r  i n adeq uate u nderstand i ng of the comp l ex 
dyn a m i c  behav i o u r  of ice .  

A l l ey and Wh i l l a n s  ( 1 984) mode l i ed the u nsteady 
response of an ice sheet to a r i se i n  sea l eve l .  
They fou nd that a r i se i n  sea l eve l forces the 
gro u n d i ng l i ne to retreat. Moreover, the ice 
th i ckness at the marg i n  decreases and the su rface 
grad ient  becomes steeper, l ead i ng to an i ncrease 
of the ve loc i ty and ice fl ux  wh i c h  aga i n  may 
change the pos i t ion  of the ice d iv ide .  N ote that 
the pos i t ion of the i ce d iv ide can a l so depend on  
other factors than a r i se i n  sea  l eve l .  

Most n u mer ica l  mode l s  s i m u l ate the d ra i n age of 
the Antaret i e  cont i nent by p u re i ce-sheet 
movement; desp i te the fact that 3 0% of the i ce i s  
channe l i ed a n d  d ra i ned th rough i ce streams and 
out let g lae ie rs ( D rewry, 1 996 ) .  For the coasta l 
a reas as much  as 90 % of the ice i s  d ra i ned 
th rough these out lets . Both a r i se in sea l eve l and 
an  i ncreased accu m u l at ion rate are factors that 
w i l l  i nfl uence the d ra i n age th rough i ce streams 
and  out lets in  the coasta l a reas long before the ice 
on the po l a r  p l ateau i s  affected . The dynam i c  
response o f  out let g lae iers a n d  i ce streams t o  sea 
l eve l r i se and i nc reased accu m u l at ion rate 

i nfl uence the geometry of the ent i re ice cap; the 
pos i t ion  of  the i ce d iv i des, and  the rat io  of 
gro u n ded and f loati ng ice .  The sens i t iv i ty of out let 
g lae iers to cha nges i n  d i mate i s  at present 
u n know n .  One prob lem with i nterpretat ion  of 
mode l l i ng res u l ts is the l ack of fi e l d  data 
necessary to check and ca l i brate the var ious  
mode i s .  One of  the too l s  yet ava i l ab l e  to  obta i n  
more data i s  by means o f  remote sens i ng .  Th i s  i s  
the focu s  i n  th i s  project. 

The major d i scharge of Western D ron n i ng Maud 
Land i s  J utu l strau men out let g lae ie r  ( F ig .  1 )  w h i c h  
d ra i n s  an  area o f  1 2 4 . 000 km2, represent i ng one  
percent of  the Anta ret i e  ice sheet. I n  th i s  p roject 
we want to i nvestigate where and  how the 
d i scharge of ice from D ron n i ng Maud Land is  
contro l l ed .  To do sa, a ba lanee assessment of 
J utu l strau men is req u i red, for wh ich  we need the 
extent  of the d ra i n age bas i n  as wel l as the 
ve loc i ty f je l d .  Moreover, i t  i s  i mportant to ident i fy 
contro l s  of i ce mot ion at J utu l stra u men to 
i nterpret and pred i et any changes i n  the dyn a m i cs 
i n  response to chang ing  bou ndary cond i t ions .  

Objectives 
Th i s  project i nvesti gates the dyna m ics  of Anta ret ie  
out let g l ae iers, u s i ng  J utu l straumen as a case 
stu dy. The m a i n  object ive of the project is to 
col l ect data of the Ju tu l strau men dra i nage bas i n  
by means of remote sens i ng tech n iques a n d  fie l d  
data . The ve loc i ty fie ld ,  su rface geometry and the 
extent of the d ra i n age bas i n  w i l l  thus be 
determ i ned to serve as i n put  for a force b udget 
model  (Van der Veen and Wh i l l ans, 1 989 ) .  Th i s  
model  i s  u sed i n  order to determ i ne what 
th rott les/gauges the d i scharge of ice from 
D ro n n i ng Maud Land .  A l so, a made I study of the 
mechan i ca l  react ion  of  J utu l stra u men to a change 
i n  sea l eve l w i l l  be performed . 

The fje ld  work on J utu l straumen i s  conducted to 
co l lect gro u n d  truth for remote sensed data, 
necessary i nput  data for force budget mode l l i ng, 
and mass ba l anee i nvestigat ions .  I n i t i a l  f ie ld  
measu rements for th i s  project were done in  co
operat ion with geodet ic  and g lac io log ica l  team s  
d u r i n g  t h e  NARE 9 6/9 7 .  E i g hteen su rface 
e levat ions  poi nts a l ong a l ong i tu d i n a l  profi l e  of 
J utu l strau men were measu red u s i ng h e l i copter 
and G PS (Ba rstad et a l . ,  1 997,  Me lvo l d  et aL ,  
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1 99 7 ) .  The bed rock topography was mapped u s i ng 
ground  penetrat ing  radar  a l ong the same 700 km 
fl i ght l i ne (Melvo ld  et a l . , 1 997,  N as l u nd, 1 99 7 ) .  
F i r n  anchors for measu rements o f  the vert ica l  
ve loc i ty in  order to  determ i ne the mass  ba l ance at 
spes if ic  poi nts (see desc r i pt ion of methods, 
sectio n :  coffee cans) were p l aced in the 
J utu l strau men d ra i nage bas i n  a long  the E P I CA 
traverse and on the fast mov i n g  part of the out let 
g lac ier  (Ba rstad et a l . , 1 997 ,  Wi nther et a l . ,  1 99 7 ) .  

Methods 
Remote sensing methods for velocity 
measurements 
Crevasse tracking in a pair of optical satellite 
images 
A pa i r  of sate l l i te i mages is matched i n  an i m age 
process i ng system to ident ify s i m i l a r  patterns  i n  
both i mages, u s i ng a Fast Fou r ier  cross corre l at ion  
ana lys i s  (Ro i stad et  a l . ,  1 99 7 ) .  Th i s  automatic 
tracki ng of crevasses and other  ident ifi ab le  deta i l s  
g ives the average i ce-mot ion  between each 
record i ng of a scene, and a fie l d  of ice ve l oc i t ies 
can be estab l i shed.  

Interferometric SAR 
Synthet ie  Apertu re Radar (SAR) i m ages are 
com p l ex va l ued i m ages, conta i n i ng phase and 
amp l i tude va l ues of  the back seattered radar  
s igna l .  A SAR i nterferometer uses two 
observat ions  from d i fferent l ook ang les and 
pos i t ions  cover i ng the same area (R ignot et  a l . , 
1 995 ) .  The d i stance between the two SARs forms 
the base l i ne .  The phase d i fference between the 
two observat ions  i s  ca lcu l ated and the res u l t  can 
be i l l u strated as a so ca l l ed i nterferogram (F ig .  2 ) , 
where phase s h i ft as fu nct ion of pos i t ion  i s  
v i sua l i sed a s  a fr i nge pattern . One fr i nge 
represents ha l f  a wave length of the range 
d i fference (wave length of E RS- 1 /2 :  5 . 6  c m ) .  The 
ca lcu l ated phase d i fference is due to : 1 )  
topography and a l tered record i ng geometry, 2 )  
su rface d i s p l acement d i rected a l ong o r  away from 
the radar between the two passes, and  3 )  eventu a l  
changed penetrat ion depth i n  t h e  snow pack.  The 
veloc i ty in the range d i rect ion  can be determi ned 
by remov i n g  topograph ic  i nformat ion  in the 
i nterferometr i c  phase i m age. 

The Norweg ian  Defenee Research Estab l i s h ment 
conducted prec i se base l i ne est i mation  and 
proeess i n g  of i nterferograms for th i s  p roject. 

o 

90 W f-+-H+-4--=:= 90 E 

1 80 

200 km 
o 1 0  E 

Fig. 1 Study a rea J utu l stra u men dra i nage bas i n  i n d i cated 
by the th ick  l i ne .  The borders a re d rawn from ex i st i ng 
maps.  The rectang le  shows the coverage by an  E RS- l 
i nterferometr i c  scene, wh ich  i n c l u des the grou n d i ng l i ne 
a rea . 
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G lacier  marg in  

Bu l l ' s  eye section 
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Fig. 2 E RS- l  i nterferometr ic  scene. A pa i r  of E RS- l  SAR i mages with a 3 -day repeat pass from Ma rch 1 994 (G phase) 
was chosen to map the velocity fie l d  ( Frame 5 6 79; orbit 1 3 847,  date 9403 1 0  and orbit 1 3 804, date: 9403 07) .  The 
coverage of the i nterferogram to the left i s  shown in F ig. l . To the right a sect ion from the same i nterferogram form i ng 
a b u l l 's eye i s  show n .  Ve loc i ty p rofi l e  1 i s  from J utu l røra (72°  1 5 ' S, 0° 1 5 ' W) to Nashorn ka l ven (72 ° 1 8'S ,  2 °  W) . 
Profi l e  2 i s  from Nashorn ka lven to I st i nd  (72°  05 '  S, 2 °  3 0' W).  The e levat ion for p rofi l e  1 and  p rofi l e  2 is about 900 
meter above sea leve ! .  P rofi l e  3 i s  a long the g lac ie r  movement d i recti o n .  
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Tracking of corner reflectors in a pair of synthetic 
aperture radar images 
Corner refl eetors ( F ig .  3 )  were p l aced on the 
g l ae ie r  su rface. The refl eetors show as wh ite spots 
i n  SAR i mages, and the spots are tracked i n  co
reg i stered repeated i mages to measu re the 
d i sp l acement of the refl ector d u r i n g  the per iod, 
and thereby the ave rage g l ac ie r-ve l oc i ty. The p i xe l  
s i ze o f  RADARSAT standard beam record i ngs i s  
1 2 . 5  m .  The i c e  movement m u st b e  a t  l east one 
p i xe l  for the retrack ing  of the refl ectors, to avo id  
measu r i n g  of  d i sp l acement due  to  i ncorrect co
reg i strat ion .  Geometr ica l correct ion  can be 
appl i ed to the i mages to redu ce re l at ive pos i t ion 
error  when co- regi ste r i ng  the scenes ( Ro i stad et 
a l . ,  1 99 7 ) .  

Fig. 3 Corner refl ector for radar  sate l l i te i m ages p l aced at 
Jutu l stra u men,  J a n uary 1 998 .  S i ze 1 5 0 x 1 5 0 cm,  
pos i t ioned for RADARSAT standard bea m .  

Mass balanee measurements 
Vertical velocity measurements; the coffee can 
method 
G row i n g  or s h r i n k i ng of an ice sheet can be 
measu red as a vert ica l  movement of the ice 
( H u l be and Wh i l l ans, 1 994) . Prec i se, gro u n d  
based su rveys w i t h  t h e  G l oba l Pos i t io n i ng System 
(G PS) can be used to meas u re the vert ica l  veloc i ty 
of markers anchored about 2 0  m deep i n  the fi rn . 
By p l ac i ng markers at th i s  depth, repeat su rveys 
are i n sens it ive to trans ient  su rface accu m u l at ion 
and dens i ty fl uctuations .  A ho le i s  d r i l l ed, and a 
w i re fi xed to i ts bottom .  A c r i m p  o n  the w i re i s  
used for t h e  repeat su rveys for vert ica l  ve loc i ty. 
Moti on  of the markers due  to down s l ope fl ow and 
fi rn sett i ng  i s  accou nted for. Vert ica l  ve loc i ty i s  
compared with  acc u m u l at ion  rate der ived from 
sha l l ow (2 0 m) fi rn cores at the same s i te .  The 
d i fference between the two qu ant i t ies 

represents the mass i mba l a nce of the ice sheet at  
that l ocatio n .  The res u l t  i s  s ign if icant over the 
i nterva l for which accu m u l at ion  rates are 
determ i ned . 

Shallow ice coring 
S h a l low i ce cores can be dated us i ng  rad i oactive 
strata and  the accu m u l at ion  rates are determ i ned 
from chem i ca l  ana lys i s  and dens i ty 
measu rements ( I saksson ,  1 994) . 

Global Positioning System (G PS) 
G PS is u sed to measu re : 
1 )  Su rface topography necessary to ca lcu l ate the 

vert ica l  movement of ice due to the s l ope, 
for the coffee can method, 

2) su rface topography serv i n g  as i n put  data to the 
force ba l anee mode l ,  

3 )  ve loc i ty o f  a network o f  stakes for ca l i b rat ion  
of  the i n terferogram, in  an  area form i n g  a so 
ca l l ed « bu l l 's eye » ( F ig .  2 ), 

4) su rface topography measu rements for 
ca l i b ration  of the i nterferogra m, 

5) vert ica l  ve loc i ty of the coffee cans, 
6) pos i t ion  of corner refl ectors.  

Field work 
F i e l d  measu rements for th i s  project serve as  
ca l i brat ion  of  remote sensed ve loc i ty data, mass 
ba l anee measu rements, and  su rface e l evat ions .  
For th i s  season we wanted to  reach 75 °00'S, 00° 
OO'W to measu re su rface topography on  the 
border of the d ra i n age bas i n  in an area covered 
by an i nterferometr i c  scene.  Due to i n c l ement 
weather cond i t ions, the f ie ld party reached o n l y  
7 3 °48'3 1 /1 S, 1 °  1 6 ' 3 1 " E .  See Tab l e  1 for route 
and  tasks . P l a n  ned gro u n d  penetrat i n g  radar  mea
su rements cou l d  not be conducted due to pro
b l ems with  the e l ectro n i c  equ i pment .  Ashtec Z
X I I  d u a l  freq uency geodet ic  rece ivers for d i ffe
rent ia l  measu rements on the carr ier  wave were 
u sed for G PS measu rements . One s h a l l ow ice 
core was dr i l l ed u s i n g  a P I CO ( Po l a r  l ee Core 
Offi ce, L i nco l n ,  Nebraska) l i ghtwe ight  cor i n g  
auger. 

For the i nvest igat ions  of the area form i n g  a bu l l 's 
eye (Tab le  2 )  i n  the i nterferogram, a gr id  of stakes 
was pos i t ioned and measu red tw ice with  G PS 
( F ig .  3 ) .  The movement i n  th ree d i mens ions  can 
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Table 1 Route and sc i ent if ic tasks completed 

Position Locality Task 

72 00 49 S 02 3 1  3 9  E TRO L L  STAT I O N  

7 2  1 6 08 S 0 1 2 5 45 W J UTU LSTRAU M E N  Stake measu rements, G PS Coffee can,  
su rface e levat ions  

72 1 7 44 S 0 1 5 6 3 1 W NAS H O R N KALVA N E  

7 2  2 4 2 9  S 02 5 0 09 W BORGMASS IVET 

72 4 7 44 S 03 09 50  W MØTE PLASS E N  

73 08 42 S 02 1 4 3 6 W FLØYMAN N E N  

7 3  1 6 00 S 0 1  45 00 W N E U MAY E RS KARVET 

73 1 6  1 7  S 0 1  1 4 40 W M E L L E BY N U T E N  Reflector, fi xpo i nt 

73 48 3 1  S 0 1 1 6 3 1 E CORE H 1 2  m core 

73 2 7  50  S 00 5 5 3 3  E CORE G Stake measu rements, G PS 

73 05 49 S 00 2 7 3 0 W CORE F 3 refl eetors Stake measu rements, G PS 

72 5 8 58 S 0 1  0 7 40 W CORE E 2 refleetors Stake measu rements, G PS 

72 3 0 5 5  S 0 1  5 0 5 5  W CORE O Stake not fou n d  

7 2  1 7 44 S 0 1 5 6 3 1 W NAS H O R N KALVA N E  

7 2  00 49 S 02 3 1 3 9 E TRO L L  STAT I O N  

th u s  b e  determ i n ed, and t h e  ve loc i ty i n  the 
sate l l i te range d i rection  can be esti mated and 
comparedwith the measu red phase change ca lcu
l ated i n  the i nterferogram .  

Refl eetors covered with  refl ective a l u m i n i u m  
were deve l oped a n d  tested i n  Norway pr ior  to the 
exped i t ion . 

Refl eetors with 1 2 0 cm s ides were p l aced on a 
p l oughed fie l d  covered with snow. The refl eetors 
showed as wh i te spots i n  an E RS-2 i mage, d u e  to 
h i gher  refl ection  than the backgro u n d .  The 

refl eetors for the NARE  1 99 7/98 were made at 
1 5 0 cm s i ze to i nc rease the back seatter, de
ve loped i n  a l i ght m ater ia l  for the transportat ion  
on  the snow m ach i nes ( F ig .  3 ) .  The reflectors 
were p l aced on  the g l ae ie r  su rface accord i n g  to 
the RADARSAT record i ng geometry for ascen d i ng 
orbit .  S i x  refleetors were p l aced with  1 3  - 2 2  km 
spae i ng in  the coverage area of RADARSAT scene 
ID M 0 1 5 5 62 5 ,  recorded February 1 8, 1 99 8 .  One 
reflector was p l aced as a fi xed po i nt on  rocks: 
Pos i t ion  of refl ector at Me l lebyn u te n :  73 ° 1 6 ' 1 7"S, 
1 ° 1 4'40" W. 

Table 2 Stake pos i t ions  for ve loc i ty measu rements in the a rea form i ng a b u l l 's eye in the i nterferogra m .  Stakes 1 , 4 ,20  
and 2 5  a re the  corners of  a rectang le .  

Stake South West Stake South West 

number number 

1 72 1 6 02 0 1  3 2  04 1 5  72 1 8 45 0 1  2 1  45 
2 72 1 6 02 0 1  2 8  3 8  1 6  72 2 0 06 0 1  2 1  45 
3 72 1 6 02 0 1  2 5  1 1  1 7  72 2 0 06 0 1  25  1 1  
4 72 1 6 02 0 1  2 1  45 1 8  72 2 0 06 01  2 8 3 8  
5 72 1 7 2 3 0 1  2 1  45 1 9  72 2 0  06 0 1  3 2  04 
6 72 1 7 2 3 0 1  2 5  1 1  2 0  7 2  2 1  2 8  0 1  3 2  04 
7 72 1 7 2 3 0 1  2 8 3 8  2 1  72 2 1  2 8  0 1  2 8 3 8  
8 72 1 7 2 3 0 1  3 2  04 2 4  7 2  2 1  2 8  0 1  2 5  1 1  
1 2  72 1 8 45 0 1  3 2  04 2 5  7 2  2 1  2 8  0 1  2 1  4 5  
1 3  72 1 8 45 0 1  2 8  3 8  2 6  7 2  2 0  0 6  0 1  3 5  3 1  
1 4  72 1 8 45 0 1  2 5  1 1  2 7  72 2 1  2 8  0 1  3 5  3 1  
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Prel iminary resuIts 
The G PS data have not yet been processed . The 
measu rements for the coffee cans have therefore 
not been i nvestigated . The ice core w i l l  be 
ana l ysed for acc u m u l at ion  rates.  

Ve loc i ty measu rements from RADA RSAT i m ages 
wi l l  be conducted after the second record i ng has 
been made av i l ab le .  The reference po int  east of 
Mel l ebyn uten is shown i n  F ig .  4 .  

The processed i nterferogram from E RS- 1  i m ages 
recorded in 1 994 is shown i n  F ig .  2 .  The sate l l i te 
range d i rect ion i s  a l most a l igned with  the fl ow 
d i rect ion  of the g lac ier. Ve l oc i ty measu rements 
from i nterferometry and cross corre l at ion  on opt i 
ca l  i mages ( F ig .  5 )  g ive res u l ts s i m i l a r  to  prev ious  
f ie ld  measu rements conducted by Høydah l  ( 1 997)  

Fig. 4 RADARSAT i mage (scene I D  M0 1 5 5 62 5 ,  
recorded February 1 8, 1 998) .  Corner refl ector for 
reference, p l aced on snow su rface east of Mel l ebynuten, 
Ju tu l stra u men . 

and remote sen sed measu rements by Orhe im and 
Luch i tta ( 1 98 7),  with a max i m u m  ve loc i ty fou n d  
i n  th i s  project o f  42 0 m/a between J utu l røra and 
N ashornka l vane .  The pos i t ion  of  the profi les are 
shown in Fig. 2 and the d i rect ion is tra nsverse to 
the g l ac ie r  movement.  The ve loc i ty measu re
ments from the i nterferogram (F ig .  6) are a l ong 
the g lac ier  movement d i rect ion ,  shown as profi l e  
3 i n  F ig .  2 .  The  data need to  be  corrected for 
topography and decom posed to a hor i zonta l 

Transverse profi le, 
Istind·Nashornet-Jutulrøra 

Distance from istind (m) 

TM-vei/l O 
- - - - - Fringe number 

Fig. 5 Vel oc i ty profi les l and 2 .  The pos i t ion of these 
tran sverse p rofi l es are d rawn i n F ig .  2 .  The max i  m u m  
ve loc i ty extracted from t h e  Landsat T M  i mages i s  420 ml 
a, wh ich is approxi mate ly  20 m/a faster than fi e l d  
measu rements b y  Høyda l ( 1 997 ) .  The ve loc i t ies from the 
Landsat TM i m ages are sca led to f it  the cou nted fr i nge 
n u m bers in the i nterferogram a l ong the p rofi l e .  

Longitudinal fr inge prof i le 

1 00 
CD 80 

.o 
E 60 
:::J 
C 40 <Il 
Ol 
c 20 Lt 

O 
O 50000 1 00000 1 50000 

Distance, prof i le 3, south-north (m) 

Fig. 6 Vel oc i ty p rofi le  3 .  The pos i t ion of th i s  ong i tu d i n a l  
p rofi le  i s  shown i n  F i g .  2 .  The graph i l l u strates fr i nge 
n u m bers cou nted a l ong the p rofi l e  in the i nterferogra m .  
The profi l e  i s  or iented c 1 0se ly t o  the grou nd range 
d i recti o n .  

p l ane i n  order t o  compare i t  t o  su rveyed fi e l d  
measu rements and ve loc i t ies from Landsat T M  
i m ages . 
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TORKILD TVERAA, CECILIE ANDREASSEN & GUTTORM N. CHRISTENSEN 

Studies of seabirds at Svarthamaren 

Background 
Seab i rds with i n  the  Order Proce l l a r i i formes 
represents an  extreme breed i ng strategy. They are 
character i sed by del ayed rep rod uct ion,  l ow 
fec u n d i ty, l ow morta l i ty and very h igh  mob i l i ty 
(Warham 1 990) .  Some do not reprod uce u nt i l 
they are 1 0  years o ld ,  and  they may trave l 
thousands of k i l ometres to fi nd  food (e .g .  
Wei merski rch et  a l .  1 99 3 ) .  Severa i stud i es have 
been carr ied out  i n  order to exam i ne what factors 
that cause var iat ion in reprod uct ive success and 
morta l i ty of  a n i ma l  popu l at ions  ( rev iew i n  
C l utto n - B rock 1 988, N ewton 1 989) ,  and,  
moreover, how reprod uct i on  may red u ce futu re 
s u rv iva l  ( rev iew i n  Roff 1 992 , Stearns 1 99 2 ) .  Such 
i nformat ion i s  needed to u nderstand the 
consequences of env i ron mental  var iat ion  on 
popu l at ions  and i s  therefore a l so re l evant to the 
Convent i on of the Conservat ion of Antaret ie  
Mar i ne L iv ing  Resou rces (CCAM LR) .  

Severa i stud ies have doc u mented l a rge a n n u a l  
var iat ion i n  reprod u ct ive success (Monaghan et 
a l .  1 992 ;  Chaste l et a l .  1 99 3 )  and s u rv iva l  
(Chaste l e t  a l .  1 993 )  o f  seab i rds, w h i c h  i n  tu rn 
may have a l a rge i mpact on  the i r  popu l at ion s i ze 
(see e .g .  A n ker- N i l ssen 1 99 2 ) .  Var i at ions  i n  these 
parameters have been re l ated to food abundance 
(e .g .  A n ker- N i l ssen),  i nd i v i d u a l  q u a l i ty ( N ewton 
1 990) and reprod uct ive effort ( Roff 1 992 ; Stearns 
1 992 ) .  To u nderstand the causes and 
conseq uences of  var iat ion reproduct ive success 
and s u rv iva l  of Antaret i e  petre l s  ( Thalassoica 
antaretica) these th ree factors have been stu d i ed 
i ntens ive l y  d u r i ng the l ast years at Svarthamare n .  

Reprod uct ion may b e  v i ewed a s  a dou b l e-edged 
sword.  On one hand,  i nc reased effort i n  
reprod u ct ion i n  the cu rrent season w i l l  i nc rease 
the parents prospects of p rod u c i n g  a you ng that 
recru i ts to the popu l at ion .  On  the other hand,  
i ncreased effort may great l y  red uce the parents, 
prospects of s u rv iva l  and futu re reprod u ct ion 
( L i nden and Mø l ler  1 989; D i kj stra et  a l .  1 990) . 
Therefore, reprod u c i ng i n d iv i d u a l s  m u st dec ide 
how m u ch resou rces they can afford to put  i nto 
the c u rrent reprod uct ion and how m uch they 
m u st save for l ater m a i ntenance.  Accord i ng ly, 
recent stud ies have shown that seab i rds do 
regu l ate the i r  effort to the i r  body cond i t ion . They 
absta i n  breed i ng (Chaste l et a l .  1 995 a,b) ,  desert 
thei r egg (Chau rand and Wei mersk i rch  1 994a; 
Yor io and Boersma 1 994, Tveraa et a l .  1 997 )  and  

produce c h i cks w i th a l ow body mass  ( Lorentsen 
1 996;  Sæther et a l .  1 99 7; Tveraa et a l .  1 998a,b)  i f  
the i r  body condit ion i s  poor. 

The recent stu d ies referred above have brought 
new i n s ight  to how reproductive success may be 
measu red th rough forag i ng success and the 
parents body cond i t i o n .  They may therefore be 
used to des ign  long-term stud ies w h i c h  separate 
the effect of env i ron menta l  var iab i l i ty and 
parenta l q u a l i ty on reproduct ive dec i s i o n s  and 
su ccess .  

Objectives 
The pu rposes of the sea b i rd stud i es at 
Svarthamaren were: 

cont i n u e  the mon itor i n g  of the b reed i ng 
b i o l ogy and demograph ic  parameters of the 
Antarct ic  petre l ,  
exam i ne how i nd i v i d u a l  d i fferences i n  
reprod u ct ive effort and  q u a l i ty i n  o n e  year 
may affect the reproduct ive success 
subseq uent years, 
exper i menta l l y  exam i n e  how parenta l and  
c h i c k  body cond i t ion  affect reprod u ct ive 
dec i s ions  and success, 
by means  of sate l l i te track i ng exa m i ne how 
i nd iv idua l  d i fferences forag i ng su ccess and  
body cond i t ion  i s  re l ated to  forag i ng 
behav iou r. 

Fie ld work 
D u r ing  NARE 1 99 7/98, the b i o l og ica l  team 
cons i sted of fou r  persons  who were work i ng 
together on the Antarcti c petre I ( Thalassoica 
antaretica) project (p roj ect l eader Bernt- E r i k  
Sæther) .  These were: Cec i l e  Andreassen,  G u ttorm 
N.  C h r i stensen,  Per H.  O l sen ,  and Tork i l d  Tveraa 
(team leader) . The f ie ld  work was carr ied out from 
1 8  Decem ber 1 99 7  to 1 9  February 1 998 at 
Svarthamaren ( 7 1 °53 'S,  5 ° 1 0' E)  i n  M u h l ig
H ofmannfje l l a, D ron n i ng Maud Land .  

Pre l iminary results from the 
Antarctic Petrel stud ies 
Population monitoring 
We mon i tored ad u l t s u rv iva l  rates, the n u m ber of 
breed i n g  pa i rs, the parenta l body cond i t ion ,  and 
d u rat ion  of  forag i ng t r ips  from about two weeks 
pre-h atch and u nt i l the end of the guard i ng per iod 
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( i .e .  one to two weeks post- hatc h ) .  The mon i tor i ng  
of  adu l t  s u rv iva l rates and n u m ber of  breed i n g  
pa i rs may i nd icate how the i nter- a n d  i ntra
season a l  s i tuat ions  are for the study b i rds .  The 
mon i tor i ng  of parenta l body co nd i t ion  and 
forag ing  success may g ive add i t iona l  i nformat ion 
about the food abundance outs i de the co lony. 
Moreover, repeated measu res of the parents'  
forag i ng success between d ifferent years w i l l  
exp l a i n  to what extent var iat ion  i n  breed i n g  
success i s  due var i at ion i n  i nd iv i d u a l  q u a l i ty (see 
be l ow) . 

Adult survival 
D u r i ng the austra i s u m mer of 1 99 1 /92 a l l  
breed i ng Antarct ic  petre l s  with i n  fou r  p l ots of 
9x1 5 m  were i nd iv i d ua l l y marked with  a steel  r i n g  
( Lorentsen e t  a l .  1 99 3 ) .  I n  1 99 1 /92 , 1 992/93 ,  
1 993/94, 1 994/95 ,  1 996/9 7 and  1 99 7/98 as many  
as poss i b l e  of  the breed i ng b i rds  wi th i n  these 
p l ots were recaptu red and u n marked b i rds were 
marked . Fo l l owi n g  th i s  procedu re the s u rv iva l  
rates of ad u l ts c a n  b e  esti mated ( Lebreton e t  a l .  
1 992 ,  1 993 ) .  D u r i ng N A R E  1 99 7/98 th i s  
proced u re was s l i ght ly  changed . Th i s  season a l l  
nests with a n  egg were v i s i ted repeated l y  u nt i l  
both b i rds i n  the pa i r  were checked.  Fo l l owi n g  
th i s  proced u re w e  obta i ned exact i nformat ion  
about  the annua l  breed i ng frequency of  the study 
b i rds .  Because a l l breed i ng b i rds  were caught, 
breed i ng freq uency can be est i mated on the bas i s  
of  the recaptu re est i m ates obta i ned from re
captu re a n a l yses . These esti mates wi l l  i n  the 
futu re be re l ated to the n u mber of breed i ng 
Anta rct ic  petre I and  the i r  body cond i t ion (see 
be l ow) . 

Pre l i m i nary resu l ts show that both s u rv iva l  and  
recaptu re rates vary between years (Tab le  1 ) . 

The number of breeding pairs 
D u r i ng the austra i s u m mer of 1 99 1 /92 a gr id  
system of 40 x 40 m was estab l i shed and marked 
with  po les (or pa i nt) i n  a l l  access i b l e  parts of the 
co lony ( Lorentsen et  a l .  1 99 3 ) .  By measu r i n g  the 
n u m ber of c h i cks wi th i n  a c i rc l e  of 1 0 m2 aro u n d  
each m i d-po i nt the s i ze o f  t h e  b reed i ng 
pop u l at ion  can be esti mated (An ker- N i l ssen and 
Røstad 1 987 ) .  F igu re 1 shows the n u m ber of 
breed i n g  pa i rs for a l l  the study years s i nce the 
study started and i n c l udes the res u l ts from the 
austra i s u m mer of  1 984/85 (Meh l u m  et  a l .  1 988) 
and 1 990/9 1 ( Røv 1 99 1 ) .  

Table 1 The a n n u a l  s u rv iva l  a n d  recaptu re rates (means 
± SE )  for Anta rct ic  petre l s  b reed i ng at Sva rthamaren 
from 1 992 - 1 998 .  The s u rv iva l  a n d  recaptu re rates for 
the l ast sea son can n ot be i dent if ied.  The fi rst su rviva l  
est i mate from 1 992 t o  1 993 est i m ates t h e  s u rv iva l  from 
NARE 1 99 1 /92 to NARE 1 992/93 and the proport ion  of 
b i rds recaptu red ( i .e .  seen)  d u r i ng NARE  1 992/93 . 
Because the re was n o  exped i t ion to Sva rthamaren i n  
1 995/96, the a n n u a l  s u rv iva l  rates from 1 99 5 - 1 9 9 7  a re 
est i mated . (The est i mates a re obta i ned u s i n g  MARK 
softwa re) . 

Year Survival rate Recapture rate 

1 992 - 1 993 0 .95  ± 0 . 0 1  0 . 78 ± 0 . 02 
1 99 3 - 1 994 0.96 ± 0 . 0 1  0 . 9 0  ± 0 . 0 1  
1 994- 1 995 0 .88 ± 0 . 0 1  0 . 8 3  ± 0 . 0 1  
1 99 5 - 1 997  0 . 9 1  ± 0 .0 1  0 . 9 1  ± 0 . 0 1  
1 99 7 - 1 998 

Parental body condition and foraging tri ps 
Recent stu d i es of the Antarct i c  petre l s  at 
Svarthamaren  h ave shown that parents i n  good 
body cond i t ion prod uce ch i cks i n  better body 
cond it ion than those in poor cond i t ion  ( Lorentsen 
1 996 ,  Sæther et a l .  1 997 ,  Tveraa et a l .  1 998a) .  
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1 985 1 990 1 992 1 993 1 994 1 995 1 997 1 998 

Study year 

Fig. 1 Est imated n u m ber  of breed i n g  pa i rs of Antarct i c  
petre l s  at Sva rthamaren d u r i ng e ight  season s  s i nce 1 98 5 .  
Res u l ts from t h e  1 99 5  and 1 99 1  breed i ng seasons  a re 
from Meh l u m  et a l .  ( 1 988)  a n d  Røv ( 1 9 9 1 ) , respect ive ly. 
E r ror bars denote ± S E .  Becau se another method was 
used by Røv i n  1 99 1 , an error bar is not ava i l a b l e  for 
th i s  yea r. 
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The d u rat ion  of the forag i ng t r ips d u r i ng the 
i ncubation  and brood i n g  per iod i s  c l ose l y  re l ated 
to both the forag i n g  success of the forag i ng b i rd 
and the body cond i t ion of the mate that i s  at the 
nest (Tveraa et a l .  1 997 ,  1 998b) . B i rds with  a h igh  
forag i ng success ( i . e .  a h igh  mass  ga i n  at sea) 
spend less t ime at sea than those with  a l ow 
forag i n g  success. They guard the i r  c h i cks for a 
longer per iod, and prod uce c h i cks that a re i n  
better body cond i t ion at the end of the guard i ng 
per iod (Tveraa et a l .  1 998b) .  I n  tu rn ,  c h i cks that 
are in good body cond i t ion  at the end of the 
guard i ng per iod may have h i gher poss i b i l i t ies of 
s u rvival  u nt i l f ledg i n g  (Sæther et a l .  1 997,  Tveraa 
et a l .  1 998b) .  I nformation  about the parents' body 
cond i t ion and the d u ratio n  of the i r  forag i n g  tr ips 
may therefore g ive i nformation  about the food 
abundance outs ide Svarthamaren . Accord i ng ly, 
repeated measu rements of the d u rat ion  of an  
i nd i v i d u a l 's forag i ng t r ips  and breed i n g  success 
between years may i nd i cate to what extent 
var iat ion in body cond it ion  and b reed i n g  success 
in i nd i v i d u a l s  are due to i n d iv i d u a l  d i fferences i n  
parenta l q u a l i ty and env i ron menta l  var iab i l i ty. To 
study th i s, we measu red the body cond i t ion  ( i . e .  
body mass  corrected for s i ze, see e .g .  Tveraa et  a l .  
1 998b),  the d u rat ion  of forag i ng tr i  ps, the 
hatch i ng dates, the n u mber of days u nt i l the c h i c k  
was l eft a l one, and t h e  ch i ck's body mass a t  th i s  
stage for a l l  t h e  parents with i n  demography fie l d  
th ree (see Lorentsen e t  a l .  1 99 3 ) .  Th i s  procedu re 
wi l l  be repeated i n  the futu re seasons .  

Causes and consequences of  variation in 
reproductive success 
As stated above, parents i n  good body cond i t ion 
and/or with a h igh forag i ng success prod uce 
c h i cks that are in  better condit ion at the end of 
the guard i ng per iod (Tveraa et  a l .  1 998a, b l .  
F u rthermore, a n  exper i menta l  study i n d i cates that 
parents in good body cond i t ion respond to 
u ndernour i shed ch icks by g iv ing  them more food 
than c h i cks in good cond i t ion (Tveraa et a l .  
1 998b) .  These res u l ts i nd i cate that Antarct ic  
petre l s  are ab le  to  adj u st the i r  reprod u ct ive effort 
both accord i ng to the i r  own and the i r  c h i c k's 
prospects of s u rviva l  (Tveraa 1 99 7 ) .  Such  a 
strategy may be h ig h l y  profitab le  i n  a stochast ic 
env i ronment, but may a l so i nc u r  costs in terms of 
red uced futu re su rv iva l  or  fec u n d ity ( E r i kstad et 
a l .  1 998) .  To study th i s, we recorded hatch i ng 
date, hatch i ng body cond i t ion  and c h i c k  body 

mass of parents with d i fferent parenta l 
performance d u r i ng the p rev ious  season ( i .e .  
d u r i ng NARE 1 996/9 7 ) .  

Satellite tracking 
i nformati on  gathered at Svarthamaren shows that 
b i rds  may vary a lot i n  the i r  forag i n g  (Tveraa et a l . 
1 99 7, 1 998a) and breed i n g  success ( Lorentsen 
1 996,  Sæther  et a l .  1 99 7, Tveraa et a l .  1 998b) .  
Apparent ly, m uch  of  the var iat ion in  breed i ng 
success i s  re l ated to var i at ion  i n  forag i n g  success 
(Tveraa et a l .  1 997,  1 998a) .  i t  may therefore be 
i m portant to exam i n e  the var iat ion i n  forag i ng 
patterns among i nd i v i d u a l s  i n  order to u nderstand 
the causes beh i nd var i at ions  i n  breed i n g  success . 
To study th i s, we tracked 1 2  b i rds by the use of 
PTT 1 00 sate l l i te tra n s m i tters .  

Prel iminary results from the Snow 
Petrel stud ies 
The snow petre I ( Pagodroma nivea), i s  one of the 
l east stud ied seab i rd spec i es (Warham 1 990) . 
Approx i m ate l y  5 00 pa i rs of snow petre l s  breed i n  
bou lders and c revices at Svarthamaren (Meh l u m  
e t  a l .  1 988) a n d  s o  far very few stud ies h ave been 
done on th i s  pop u l at ion . D u r i n g  th i s  season we 
exam i ned how parenta l body cond i t ion  a n d  ab i l i 
ty to co-ord i nate brood i n g  and  forag i n g  spei l s  
affect reproductive success . Pre l  i m i  nary resu  I ts 
suggest that the c h i cks' prospects of s u rv iva l u nt i l 
they were l eft a l one and the i r  body cond i t ion  at 
th i s  stage were both pos i t ive l y  re l ated to the body 
cond i t ion  of the parent p resent at the nest at 
h atch i ng .  i t  was a l so re l ated to the ab i l i ty of the 
forag i n g  parent to retu rn  from the sea i n  
t ime  to re l i eve the i r  mate . Moreover, c h i cks that 
were in good body cond i t ion  when they were l eft 
a lone  h ad a h igher p robab i l i ty of s u rv iv i n g  u nt i l 
day 1 0 than those i n  poor body cond i t ion . 
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MURAT OZTU RK & EGIL SAKSHAUG 

Iron enrichment with hydrocarboxylic acid and photo
reduction of iron under UV and PAR: Implications for 
phytoplankton growth in the Antarctic Ocean. 
Some preliminary resuIts 
I ntroduction 
The Antarct ic Ocean has some d i st i n ct ive 
character i st ics :  It i s  fa r from the ma i  n terrestr i a l  
a n d  anth ropoge n i c  sou rces, a n d  i ts c o l d  su rface 
waters are separated from other major  oceans  by 
the Antarct ic  C i rc u m po l a r  Cu rrent (ACC) . Due to 
i ts l ow tem peratu re, th i s  ocean is a s i n k  for atmo
spher ic  gases, ma i n l y  CO2, thus  p l ay i n g  a s ign i 
f icant ro le  i n  regu l at i ng  atmospher ic  CO2 • The 
major  n utr ient  concentrat ions  in the Antarct ic 
Ocean are h i g h .  N i trate, phosphate and s i l i cate 
concentrat ions  may reach above 3 0, 2 . 5 and 1 00 
mmol  m-3, respect ive ly  (Sakshaug et a l .  1 99 1 ) .  
However, concentrat ions  of c h l orophy l l -a (Ch l -a) 
and sta n d i n g  stock of phytop l a n kton are l ower 
than expected from th i s, on  average 0.4 mg m-3 
and < 3 mg m-3, in the i ce-free end, deep-sea 
reg ions  of the Antarct i c  Ocean respect ive l y  
( H o l m - H ansen et a l . , 1 989 c i ted i n  Sakshaug et 
a l . ,  1 99 1 ) .  Therefore, th i s  area is cons i dered one 
of  the major  h i gh-n utr ient, l ow-ch l orophy l l  
( H  N LC) zones.  D u e  to i ts remoteness from cont i 
nents, i ron concentrat ions  are very low i n  the 
su rface l ayers of the Antarct ic  ocea ns  ( L6scher et 
a l . ,  1 99 7 ) .  

Th i s  H N LC s ituat ion has been exp l a i ned a s  
resu I t i  ng from 
- h igh graz i ng pressu re ( B a n se, 1 990) 
- l ight  l i m i tat ion due to wi nd- i n d uced deep 

m i x i ng l ayer (Sakshaug & H o l m - H ansen,  
1 984; Sakshaug et  a l . , 1 99 1 ) 

- i ron  l i m i tat ion  (Mart i n  et a l . ,  1 990) .  

However, these exp l a n at ions  are not mutu a l l y  
exc l u s ive. They may act  s i m u ltaneous ly  and one  
of  them cou l d  become the  contro l l i ng mech a n i s m  
for phytop l a n kton growth a t  certa i n  t i mes i n  
d i fferent locations .  

The ro le  of  i ron  as a l i m i t i ng  n utr ient  i n  phyto
p l a n kton prod uct iv ity was fi rst suggested i n  the 
1 93 0's ( G ran  1 93 1 ,  Hart 1 934 ) .  H owever, i ron 
ana l yses at that t ime suffered from ser ious  conta
m i nat ion prob lems .  Th us, the resu l ts of these 
stud ies were not con c l u s ive . 

I n  sp i te of the grow i n g  i nterest i n  i ron research i n  
recent years, o u r  u nderstand i ng of the chemica l ,  
b io log ica l  and phys ica l  mechan i sms that regu l ate 
i ron and other trace meta l s  is sti l i l i m i ted . Th i s  i s  
due t o  t h e  d i ffi cu l t ies o f  work ing  w i t h  very low 
i ron concentrat ions, and the i ron ' s  dynam ica l  

spec iat i on  mechan i s m .  I nc reased awareness of 
the ro le  of i ron  arose from the i ron  en r i ch ment 
exper i m ents with  water from some of these H N LC 
reg ions  and the l a rge-sca l e  in situ i ron
fert i l i zat ion  exper i ment ( l ro n Ex I & I l ) i n  the 
equator i a l  Pac if ic Ocean (Mart i n and F i tzwater, 
1 988, Mart i n  et a l .  1 990, 1 994, Beh renfe l d  et a l . ,  
1 996,  Coa le  et  a l .  1 996 ) .  Desp i te some 
drawbacks concern i ng these bott le  exper i ments 
(destroy i n g  natu ra l food-web by exc l u d i ng macro, 
and to some extent, m i c ro zoop l a n kton and  
poss i b l e  conta m i nat ion  prob lems),  these methods 
are sti l l  i m portant to determ i ne the effects of i ron  
u nder d i fferent growth cond i t ions .  Most recent ly, 
Van Leeuwe et a l .  ( 1 997)  and  Scharek et a l .  
( 1 997)  reported that Fe e n r i ch ment st i m u l ates 
phytop l a n kton product ion ,  but  not ce l l u l a r  b io
chem ica l  compos i t ion ,  i n  the Antarct ic  Ocea n .  
Th i s  seems to depend on  i ro n  a n d  other  trace 
meta l en r i ch ment exper iments on board i nc u bat
ions  (shown for the fi rst t ime  by Sakshaug  & 
H o l m - H ansen ( 1 977 ) ) .  

l ron  can ex i st i n  two d i fferent ox idat ion  states i n  
seawater :  Fe( l I l ) and Fe( I I ) .  Fe( l I l ) i s  thermodyna
m i ca l l y  stab le  in ox i c  waters . I norga n i c  spec iat ion 
of d i sso l ved Fe( l l l ) i s  dom i n ated by the hyd ro lys i s  
products : Fe(OH)  3-n+ ( n :  2 ,  3 and 4 ) .  " Free" 
hyd rated Fe3+ co�centrat ion  is extreme ly  l ow i n  
seawater. I t  has been est i m ated that about 99% of 
d i sso lved Fe may be bou nd to natu ra l orga n i c  
complex i ng l i gands ( R u e  a n d  B ru l and,  1 99 5 ) .  

One o f  t h e  b ioava i l a b l e  forms o f  i ron  i n  seawater 
may be produced by photochem ica l  red uct ion of 
Fe( l l I ) i n  su rface seawater (M i l le r  and Kester, 
1 994) . It i s  be l i eved that Fe( l I ) exi sts m a i n l y  as 
"free" Fe2+ ions .  Fe2+ i s  m uch more so l u b l e  and 
k i net ica l l y  l ab i l e  ( reactive) than Fe3+(Stu m m  and 
Morgan,  1 996 ) .  Therefore, Fe( l I )  may be effectiv
e l y  ava i l a b l e  for phytop l a n kton .  H owever, i t  has 
been argued that Fe( l l )  does not rem a i n  in  so I ut
ion  long enough to become i m portant i n  i ron  
u ptake by  phytop l a n kton due  to  the very rap id  
ox i dation  of  i t  i n  seawater (few seconds of  ha l f  
l i fe) (M i l l e ro and Soto l ongo, 1 989;  More l  et  a l . ,  
1 99 1 ) .  However, s ign if icant concentrat ions  of 
Fe( l l ) have been observed recent ly  by Ku ma et a l . 
( 1 992) ,  and  Z h u ang et a l .  ( 1 9 9 5 ) .  Add it io n a l l y, 
d i sso l ved orga n i c  matter ( DOM) may p l ay an  
i m portant ro l e  i n  photored uct ion of  Fe( l l l ) ,  such  as  
h u m ic ac ids  and hyd roxycarboxy l i c ac ids, wh i c h  
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are poss i b l y  re l eased by phytop l a n kton ( Ku m a  et 
a l . ,  1 992 ;  1 99 5 ) .  Ku ma and h i s  co l l eagues 
enhanced photored u ct ion of Fe( l l l ) to Fe( l I )  by 
prov i d i ng an  e l ectron sou rce . Some components 
of DOM can s l ow down the reox idat ion rate by 
com p l ex i ng Fe( l I ) ( H udson et a l . ,  1 992 ) .  It i s  not 
yet c l ear  what the comp l ex-at ion  degree of Fe( l I )  
i s  with  natu ra l orga n i c  l i gands i n  natu ra l waters . 

Rel ated to the photoreduct ive p rod uct ion of Fe( I I ) ,  
DOM exh i b i ts a Jeky l l  and Hyde d u a l i ty in  be i ng 
potent ia l l y i m portant e l ectron sou rces for photo
red u ct ive Fe( l I )  prod uct ion ( Fa u st and lepp, 1 993 )  
wh i le a t  the same t ime be i ng i mportant for reox i 
dat ion  of  Fe( I I ) ,  because DOM i s  a l so a sou rce for 
many rad ica l s  and ox idants ( such as H202, O H/ 
°2 -, O H  and 02- ) wh ich  ox i d i ze Fe( I I ) .  Some 
i ntermed i ate prod ucts, such as 02- su perox ide and 
O H2 rad ica l s  wh ich  are prad uced d u r i ng photo
oxidat ion of DOM, can a l so be i mportant e l ec
tron donors for photored uct ion of d i sso l ved Fe( I I I ) ,  
i n  the absence of  o rga n i c  l i gands or orga n i c  com
p l exat ion  of Fe( l I l ) (Voe l ker and Sed l a k, 1 99 5 ) .  
That i s  t o  say, a l l  o f  these react ions  a re i ntertw i n
ed . L i gand to meta l charge tran sfer ( LMCT) m ay 
p l ay a more i mportant ro le  than react ion  with  
su peraxide in  the red uct ion of  Fe( l I l ) in  seawater, 
for w h i c h  Fe( l I l ) spec i at ion  i s  c l a i med to be dom i 
nated by  orga n i c  com p l ex-at ion (Rue and 
B ru l and,  1 99 5 ) .  

T h e  rales o f  D O M  and l i ght on  t h e  spec iat ion,  
photoche m i stry and comp l exat ion  of i ron neces
sari ly wi l l  h ave an  i mpact on i ro n  ava i l ab i l i ty for 
phytop l a n kton .  We therefore des igned a deck 
exper i ment for H PLC water of the Antarct ic  
Ocean in  l a rge carboys . I n  these exper i ments we 
tested the ra l e  of i ron  enr ich ment and photore
duct ion on  phytop lan kton growth rate with  the 
presence of g l ucar ic  ac id  (GA) in  natu ra l l i ght of 
d i fferent wave l engths .  

Materials and methods 
Seawater sam p l es in  the marg i n a l  ice zone ( M i l) 
were co l l ected u s i ng an ac i d-washed 3 0  I Go- F l o  
samp l e r  dep l oyed on  Kev la r  hyd row i re from 3 0  m 
depth (Ch l -a  max i m u m )  at stat ion  001 3 (60° 5 4 '  
5, 0 5 °  5 4 '  E . ) .  Seawater samp les i n  t h e  i nter fron
ta l reg ion  ( I  F R) were co l l ected u s i  ng per i sta l t i c  
p u m ps with ac id-washed tu bes attached to  a 
Kev l a r  w i re from 1 5  m depth at stat ion 02 3 3  (56°  

30'  5, 6°00 ' E ) .  The per i sta l t i c  pump tu be was 
detached towards the end of the sam p l i ng act iv ity 
in the I F R .  Therefore, the l ast ca rboys ( # 1 3 ) were 
fi l l ed by 3 0  l i tres Go-F lo  bott les .  

The i nc u bation  carboys were thorough l y  washed, 
fi rst with m i c radetergents, then with M i l i Q  water, 
methano l ,  M i l i Q water and 3 M H C I  seq uent i a l l y 
and kept two weeks i n  0 . 1  M U l trapu re H C I .  
F i n a l l y, a l l  ca rboys were r i n sed with  cop ious  
amou nts of  M i l i Q water. 

I nc u bations  were performed i n  1 2  l i tres po lycar
bonate ( PC) carboys (for PAR), and  pol yethy lene  
( PE) bags (for U V  + PAR) .  UVB was  exc l u ded by 
u s i ng a My l a r  fi l ter. The treatments were add i t ion  
of  i ran  (+Fe), add i t ion  of  i ran + g l u car ic  ac id  
( FeGA), no add i t ion  (contro i s, C) for PAR, U VA
PAR, and U VAB-PA R  i rrad ia nce.  D u r i ng 
i nc u bat ions  i n  I F R water, UVA- PAR treatments 
were exc l uded . 

GA so l ut ion was c l eaned by pass i n g  the so l ut ion  
th rough C h l ex- l 00 co l u m n .  The  C h lex- l 00 
co l u m n  was prev ious ly  prepared and  washed with  
1 l i tres M i l iQ water to m i n i m i ze poss i b l e  leakage 
of fu nct iona l  groups  of Ch lex- l 00 i nto the GA 
so l ut ion . The FeGA m i xtu re was p repared 2 days 
before i t  was added, in order to o ut-com pete 
other  natu ra l orga n i c  complexants i n  seawater, at 
l east at the beg i n n i ng of the expr i ments .  F i rst 
add i t ions  of Fe, FeGA, and  GA to the i nc u bati o n  
carboys were d o n e  after 2 4  hou rs (t i me for 
acc l i mat izat ion of p hytop l a n kton to the i nc u ba
t ion cond i t ions  on the deck) from the t ime of 
samp l i ng .  Fe was added as FeC I 3 so l ut ion  (at p H  
2 )  to make Fe enr ich ment + 3 n M .  FeGA m i xtu re 
was added to i nc u bati on carboys for FeGA treat
ments, to enr ich  the exper i menta l waters to + 3 
nM of Fe and to make a fi n a l  GA concentrat ion  of 
1 .2 fJ M .  GA was a l so added for GA-contro l treat
ments (to make a fi n a l  concentrat ion  of GA of 1 .2 
fJM) .  For eve ry l i ght  treatment, there were Fe, 
Fe+GA, GA, and  contro l treatments .  GA treatment 
for PAR was conta m i nated at the beg i n n i ng of the 
i ncu bat ion exper i ment in  M i l, a n d  therefore i t  
was exc l uded . Fe, FeGA and GA were a l so added 
on  the 4th (add i -t io n a l  i nc rement of +3 . 5  n M  Fe 
and + 1 . 5 fJM GA) and the 7th day (+4 . 5  nM Fe and  
+2 fJ M  GA)  of  the 1 0  days M i l  exper i ment .  I n  
I F R, add i t ions  were done at the begi n n i ng of the 
exper i ment (+5 n M  Fe and 2 .2 fJ M GA) and on  
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day 1 0  (+3 n M  Fe and 1 .2 and fJ M  GA) of the 1 4  
days long  exper i ment .  

The carboys were i ncu bated at the he l i copter 
deck of Agu l has .  A l l i nc u bations  carboys and 
polyethy lene ( PE) bags were covered by th ree PE  
bags and carefu l l y sea l ed to  prevent conta m i n at
i o n .  PVC mosq u i to nets were used for l i ght 
regu l at ions .  I ncubat ion  l i ght  was kept arou nd 40-
5 0  % of amb ient PAR .  Ru n n i ng su rface seawater 
was used to keep the i ncubat ion tem peratu re 
c l ose to the ambient  l eve l .  U nfortu nate l y, the 
temperatu re of the ru n n i ng su rface water i nc reas
ed about l -2 °C, from t i me to t ime .  

The  po lycarbonate ( PC) carboys and polyethy lene  
( P E) bags had tap  systems wh ich  were t ight ly  
c l osed d u r i ng i ncubat ion .  A l l  sam p l es were drawn 
e ither by a l l -polypropy lene (PP) sy r i nge connect
ed to a Teflon  tube or by per i sta l t i c  pu m p, without 
open i ng the carboys, th rough the sam p l e  outport .  
The a i r  i nput  taps were connected with  doub le  
0 .2  fJ m  Tefl on fi l ter  to  fi l ter  i n put a i r  d u r i ng samp
l i ng and kept c l osed d u r i ng i ncubations .  A l l 
tu b i ng was prev ious ly  ac id  washed Teflon  or  
Beva l i ne .  Sam p l i ngs d u r i ng the exper i ment of  I F R  
were done i n  a dust-free conta i ner  th rough tapp
i ng tu bes, without open i n g  carboys and bags. 

Fe( l l ) ana lys i s  was performed with stopped flow 
l u m i no l  chemo l u m i nescence meter (SF L-CL) 
(O'Su l l ivan et a l . ,  1 99 5 ;  K i ng et a l . , 1 99 5 ;  Powe l l  
et a l . ,  1 995 )  i m med i ate l y  after samp l i ng and 
fi l trat ion  th rough a fi l ter  (0 04 fJm)  in  an  a l l - P P  
syr i nge fi l terho l der i n  a c l ea n  conta i ner. Th i s  
method h a s  a l ow detect ion  l i m i t  ( 0 . 0 6  n M  Fe) . 
Samples for tota l d i sso lved Fe were fi l tered (with 
0 04  fJm PC fi l ters) and ac i d if ied (pH 2) and stored 
i n  Tefl on  bott les covered with PE  bags at - 1 8 0e . 

Sam p l i ng for measu rements of in viva fl uor
escence ( lVF )  was done separate l y  by u s i ng a 
Tu rner Des ign  f luorometer. Th i s  i n stru ment gave 
from t ime to t ime q u i te fl uctuat- i ng read i ngs 
d u r i n g  the measu re-ment of IVF, probab l y  due to 
cu rrent  supp ly. Therefore, 1 0  read i ngs were done 
repeated l y  for each sam p l e  to reach a re l i ab le  
va l ue .  Samples fo

·
r POC and PON and C h l -a were 

fi l tered on  pre-combusted G F- F  fi l ters, packed i n  
pre-combu sted a l u m i n u m  fo i l ,  and stored at -1 8 
0e . I n  I F R  exper i ments, l a b i l e  Fe was fo l lowed by 
C L E-CSV methods i n  a c l ean  conta i ner. 

N ano- and p i cophytop l a n kton were cou nted by 
f low cytometry. M i c rophytop l a n kton was cou nted 
i n  the l i ght m i c roscope. Phyto p l a n kton sam p l es 
from the i nc u bation  carboys were fi xed by Lugo l  
a n d  Forma l i ne so l ut ions  i n  separate 5 0 0  a n d  1 5 0 
m l  bott les .  After arr iva l  to Trondhe im B io l og ica l  
Stat ion ,  sam p l es were tran sferred to  the  
sed i mentat ion  chambers .  Vo l u mes 2 ,  1 0, 3 0  and 
5 0  m l  were sel ected accord i ng to  phytop l a n kton 
abu ndance.  The sam p l es were kept i n  
sed i mentat ion  chambers for a t  l east th ree days. 
Cou nti ng and spec ies determ i nat ions  were done 
by m i c roscopy. At l east 24 repeated cou nts were 
done for each sed i mentation  chamber. The 
b i ovo l u mes of abu ndant  phytop l a n kton were 
est i m ated from the l i near ce l l  d i mens ions .  

Resu lts and discussion 
Only  some prel i m i nary resu l ts wi l l  be p resented 
and d i scu ssed . Some sam p l es sti l l  have n ot been 
a n a l ysed ( POC- PON and tota l Fe) and some data 
(perox ides, Tota l CO2-pH,  bacter i a l  growth,  
phytop l a n kton cel l vo l u mes, macron utr ients and 
l a b i l e  i ron )  are not ready for p u b l icat ion  yet . 

Here, the d i scuss ion  i s  based on resu l ts of in viva 
f l uorescence ( lVF )  measu rements, Fe( l l )  va l u es 
and  phytop l a n kton n u m bers and spec ies i n  i nc u 
bations .  IVF  measu rements and  cel l n u m bers are 
u sed as an  i nd i cati on  for growth of p hytop l a n kton 
and as a response to Fe en r i ch ments .  Fe ( I l )  data 
a re con s idered i nd i cators for photored uct ion of 
Fe( l l l ) u nder d i fferent l i ght cond i t ions .  

The marg i n a l  ice zone ( M i l) and the i nter fronta l 
reg ion are strong ly  contrast i n g  reg ions  with  
respect to p hys ica l ,  chemica l  and b i o l og ica l  
cond i t ions .  I n  the M i l, due  to  mel t i ng  i ce, a 
s h a l low and stab le  m i xed l ayer i s  deve l oped . Th i s  
l ayer favou rs h i gh p r imary prod uct iv i ty. I n  
contrast, I F R, d u e  t o  w i n d  i n d uced deep vert ica l  
m i x i ng, has  u nfavorab le  cond i t ions  for pr i mary 
p roduct i -v i ty. I n  add i t ion  to these d i fferences, 
backgro u n d  Fe concentrat ions  are re l at ive l y  
h i gher  ( 1 . 9-2 . 7  nM) i n  M i l  t h a n  i n  I F R  ( 0 0 4  t o  0 . 6  
n M ) .  
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Incubation experiments with water from 
the Marginal l ee Zone (MIZ) 
The dom i nant i ng phytop l a n kton spec ies was 
Phaeocystis spp. i n  a l l  treatments at the end of the 
i nc u bation  exper i ments .  In Fe and  FeGA 
treatments u nder PAR and UVA- PAR, 
Pseudonitzschia spp. and Nitzschia spp. were 
a l so present. 

Z' . . .  _ . .  Fe · PAR _ FeGA·PAR ---..- C-PAR '§ 4000 ,-------------------, 
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ro � 3000 +---------------------�� 
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Fig. 1 I n  v ivo F l u o rescence ( lVF)  data for phytop lankton 
growth fo l lowi ng the i ncubati ons of seawater from M I Z  
o f  t h e  Anta rct ic  Ocean under  PAR.  T h e  i nc ubated 
seawater was co l l ected at stat ion 0 0 1 3 (60° 54' S; 0 5 °  
54  E . ) .  Sym bols  a r e  as  i n d i cated on the f igure and 
treatments a re defi ned i n  the text. The add i t ions  of  Fe 
and FeGA a re i n d icated with verti ca l  a r rows . 

PAR treatments 
IVF  i n  a l l  treatme nts u nder PAR started to d iverge 
at day 4. IVF  in FeGA treatment was h i gher  than 
both in  Fe  treatment and contro l ( F ig .  1 ) .  
The d ifferences in  IVF  between treatments 
became apparent between day 6 and 8. However, 
o n  day 8 IVF  were s i m i l a r  for a l l treatments .  
M i c roscop ic  exa m i n at ions  showed that Fe add i 
t i o n  h ad no effect on  t h e  compos i t ion o f  phyto
p l a n kton spec ies .  

Fe( l l )  was measu red th roughout a l l the treatments .  
The resu l ts from PAR treatments in MIZ are shown 
in  F ig .  4 .  In  the treatment of  FeGA, Fe( l I )  
i nc reased d ramati ca l l y. On  days 3 a n d  5 ,  Fe ( I l )  
was 4 . 3  a n d  4 . 6  n M ,  respective l y. H igh l eve l of 
Fe( l l )  on day 3 from the fi rst add it ion  of FeGA is a 
good i n d icator of photored uct ive Fe( l l )  prod uct ion 
due to the presence of g l u car ic  ac id .  There was no 
s ign if icant phytop l a n kton growth at the begi n n i ng 
of the i nc u bati o n .  When growth of phytop l a n kton 

began ,  the i nc rease in Fe( 1 1 )  tapered, and, Fe( l l )  
decreased desp i te o f  a new add i t ion  o f  FeGA (3 . 5  
n M  o f  Fe, l . 5 iJ M  o f  G A  on day 4 and  4 . 5  nM Fe, 2 
iJ M  G A  on day 7) (see F ig .  4 ) .  Th i s  apparent 
enhancement of Fe( l I ) in  carboy of FeGA 
treatment h ad l i tt l e  effect on  the p hytop l a n kton 
growth rate . 

UVA-PAR treatments 
U nder U VA-PA R  cond i t ions  a l l treatments showed 
an i nc rease of IVF  compared to the contro l ,  up to 
day 8 ( F ig .  2 ) .  

UVaPAR 

� 4 000 
--lr- C-UVaPAR co ----6-- C-GA-UVaPAR "--

:o 3 000 - - . _ . Fe-UVaPAR "- --o-- Fe-GA-UVaPAR co ----
(j) (.) 2 000 C (j) (.) Cf) (j) 1 000 "- + o 
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Fig 2 In viva F l uorescence ( lVF)  data for phytop lankton 
growth fo l l owi n g  the i nc u bati ons  of M I Z  of the 
Antarct ic  Ocean u nder In viva F l uorescence ( IVF )  data 
for phytop l a n kton growth fo l lowi n g  the i nc u bations  of 
MIZ seawater of the Antarct ic  Ocean u n der  UVa PAR.  
The  i n c ubated seawater was  co l l ected at  stat ion 001 3 
(60° 54 '  S; 05°  54 E . ) .  Symbol s  a re as i n d i cated on the 
f igu re and  treatments a re defi ned in the text. The 
add i t ions  of Fe, FeGA and GA a re i n d i cated with 
vert ica l  a r rows . 
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Fig. 3 As Fig. 2, but  i nc u bati on u nder UVabPA R  
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However, a notab le  growth a l so occu rred i n  the 
contro l carboy after day 8 .  There after, IVF  for a l l  
treatments converged a s  i n  the PAR treatments .  I n  
FeGA treatments u nder UVA-PAR, the 
concentrat ion  of Fe( l I )  i nc reased u p  to ca .  3 nM, 
as in  PAR treatments .  These enhanced Fe( l I )  
concentrat ions  d i d  not cause any i nc rease i n  the 
growth rate (F ig .  5 )  or  cha nges in  the 
phytop l a n kton compos it ion . 

UVAB-PAR treatments 
I n  the U VAB-PAR treatments, the h ighest IVF  were 
observed in the contro l carboy and the l owest IVF  
i n  the carboy w ith FeGA treatment ( F ig .  3 ) .  Fe( l I ) 
concentrat ions  i n  FeGA treatment u nder U VAB
PA R showed a trend s i m i l a r  to  that for PAR and 
UVA- PA R  treatments .  I t  reached i ts h i ghest va l u e  
( 6 . 5  n M )  i n  UVAB-PAR treatments.  The above 
prel i m i nary resu I ts show that the predom i n ant 
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Fig. 4 Fe ( I l )  resu l ts from the i nc u bati ons  of M I Z  of the 
Antarct i c  Ocean u nder PA R.  The i nc u bated seawater was 
co l lected at stat ion 001 3 (60° 54 '  S; 05°  54 '  E . ) .  Symbo l s  
a re a s  i n d i cated on the f igu re a n d  treatments a re defi ned 
in the text. The add i t ions  of Fe and FeGA a re i n d i cated 
with vert ica l  a r rows. 

spec ies of p hytop l a n kton are not s ign if icant ly 
l i m i ted by Fe in  Mil.  I ron  add i t ion sti m u l ated the 
growth rate u nder PAR and u nder U VA- PAR to 
some extent on day 6 and 8, but not s ign if ica nt ly. 
The observed h igh growth rate i n  contro l carboys 
and bags is probab ly  rel ated to the exc l us ion  of 
grazers, wh ich  are very effic i ent i n  the M i l  ( E .  
Pakhomov, pers.  com m . ) .  I t  a l so seems that the 
effect of UV on Phaeocystis co lon ies are modu
l ated by  the add it ion of  FeGA.  There a re  reports 
on the effects of UV rad i at ion  on phyto- p l a n kton 
growth c l a i m i ng that both UVA and UVB 

decrease the  rates of  pr i mary p rod u ct i on  i n  
n atura l  waters ( H o l m - H a n sen e t  a l . , 1 99 3 ) .  I t  has  
been reported that Phaeocystis has a greater 
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Fig. 5 Fe ( I l )  resu lts from the i n c u bations  of M I Z  of the 
Antarct i c  Ocean u nder UVa PAR.  The i nc u bated seawater 
was co l l ected at station 001 3 (60° 5 '  S; 0 5 °  5 4 E . ) .  
Symbo l s  a re as i n d i cated on  t h e  f igu re a n d  treatments 
a re defi ned in the text. The add i t ions  of Fe, FeGa and 
GA a re i n d i cated with vert i ca l  a r rows . 

ab i l ity of s u rv iva l than d i atoms u nder U V  
i l l u m i n at ion ,  moreover, Phaeocystis c a n  produce 
U V-absorb i ng compo u n d s  ( Dav idson and 
Marchant, 1 994) wh i c h  prov ide protect ion  from 
U V  rad i at ion . Fe add i t ion  wi th  GA may have 
some detr i menta l effects on U V-absorb i ng com
pou nds .  Add i t iona l l y, FeGA add i t ion  i nc reases 
bacter ia l  rather than p hytop l a n kton growth . UV
protect ive orga n i c  matter of phytop l a n kto n may 
be destroyed e i therby photochem i ca l l y  e n h a nced 
decompos i t ion ,  due to FeGA add i t ion ,  or 
i nc reased consu mpt ion  by a rap i d l y  grow i ng 
bacter ia l  pop u l at ion . The l ast case i s  l i ke l y, 
becau se we detected an extrem-e l y  h igh  bacte r i a l  
growth rate d u r i ng the M i l  i ncubations  (data not 
ready for p u b l i cat ion ) .  Th i s  cou ld  exp l a i n  why 
espec i a l l y  FeGA treatments u nder UV rad i at ion 
y ie ld  l owest growth rate (F ig .  3 ) .  Remova l of  the 
U V-protective mech a n i s m  may cause a dec rease 
i n  the growth of Phaeocystis. I n  add i t ion ,  i t  has 
a l so been reported that n utr ient  stress may cause 
i nc reased re l ease of orga n i c  matter ( Lance lot and 
B i l len ,  1 98 5 ;  Ver i ty, 1 988) ,  that  i s, after en r ich
ment with  Fe, Phaeocystis may re l ase l ess U V
protect ive orga n i c  matter, and  th u s  l ess p rotect ion  
aga i nst U V B .  

O u r  resu l ts suggest that the add i t ion  o f  FeGA 
e n h a nces Fe( l I )  product ion  ( F ig .  6 ) .  However, i t  
has been reported that GA a l so e n h a n ces the rate 
of ox idat i on of Fe( l I )  ( Ku ma et a l . , 1 99 5 ) .  It is not 
c l ear from o u r  data whether GA or other compo
nents of DOM are respo n s i b l e  for keep i ng Fe( l I )  i n  
so l ut ion . O u r  res u l ts i nd i cated that DOM i s  i m p-
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ortant  for i ron photochem i stry. Th i s  i s  man ifested 
both d i rect ly  and i n d i rect ly :  Some DOM com
pou nds which are prod uced from phytop l a n kton 
are i m portant for Fe( l I l ) photored uct ion (Kuma et 
a L ,  1 995 )  and others cause retardat ion of ox idat
ion  of Fe( l l ) and i nc rease sol u b i l i ty of i ron by 
com p l exat ion .  On the other hand, some com
pou nds of DOM regu l ate the m utua l  re l at ions h i p  
between bacter ia  a n d  phytop l a n kton (Azam and  
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Fig. 6 As F ig .5 ,  but i nc u bation u nder UVabPAR.  
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Fig. 7 In viva F l uorescence ( lVF) data for phytop lankton 
growth fo l l owi n g  the i n c u bations of I F R  of the Antarct ic  
Ocea n u nder In viva F l uorescence ( lVF) data for 
phyto p l a n kton growth fo l l owi n g  the i ncubati ons of I F R  
seawater o f  the Anta rct ic  Ocean u nder PAR . The 
i n c u bated seawater was co l l ected at station  02 3 3  ( 5 6° 
3 0 5, 6° E ) .  5ymbo l s  are as i n d i cated on the f igu re and  
treatments a re defi n ed i n  the text. The  addit ions of  Fe, 
FeGA and GA a re i n d i cated with vert ica l  a rrows . 

Cho, 1 987 )  and,  hence, n utr ient  excha nge and  
recyc l i ng .  A l l  these mecha n i sms may h e l p  keep
i ng more i ron  i n  euphot ic l ayer. B ut more 
« d i sso lved » i ron does not necessar i l y  su pport 
h i gher  growth rates, as suggested by o u r  M I Z  
resu I ts .  

Incubations experiments in the Inter 
Frontal Region ( I F R) 
At the end of the 1 4-day long  i nc u bations, 
dom i n a nt phytop l a n kton spec ies were 
Pseudonitzschia spp. and Nitzschia spp. and 
some other m ic rophyto p l a n kton together w i th  
Phaeocystis spp. i n  Fe  and  FeGA treatments u nder 
PAR.  A cons iderab l e  i ncrease in  the n u m ber of 
Rhizosolenia spp. was observed i n  FeGA- PAR 
treatment .  A s h i ft in  spec ies compos i t ion  from 
nanop icophyto p l a n kton to m ic rophytop l a n kton 
was evident i n  Fe and  FeGA treatments u nder 
PAR.  ( F i gs .  7 - 9 ) .  U nder UVR, m i c rophyto 
p l a n kton growth was m i n i ma l  and  Phaeocystis 
spp. the dom i nat i ng  spec ies .  

PAR treatments 
IVF  of d i fferent treatments sta rted to d iverge on  
day 6 - 7 .  FeGA treatments were apparent ly  
h igher  than both Fe treatment and  contro l (F ig .  7) . 
M i c roscop ic  exa m i n at ion  showed that, Fe and 
FeGA add i t ions  cou l d  cause a sh i ft i n  the spec i es 
compos i t ion ( F ig .  8 ) .  The sma l l  i nc rease i n  the 
growth rate of phyto p l a n kton in  contro l s  were 
probab ly  re l ated to the remova l of grazers . 

I n  the treatment of FeGA, Fe( l l )  i nc reased d ra m a
t ica l l y  at the begi n n i ng of the i nc u bations  ( F ig .  
1 0) O n  day 4, Fe  ( I l ) was 1 . 7 and  2 . 6  n M  in  
FeGA treatments.  There was no s ign if icant phyto
p l a n kton growth at the begi n n i ng of the i ncu bat
ions .  When phytop l a n kton began growi ng, Fe( l I )  

300 
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Fig. 8 As F ig .  7, but i n c u bati on  u nder UVa b PAR 

concentrat ion  sta rted to decrease, as in  MIZ i ncu 
bat ion . Fe( l l )  concentrat ions  decreased near  to  the  
detect ion  l i m i t on d ay 1 0 . Such a decrease can not 
be exp l a i ned o n l y  by u ptake by p hytop l a n kton .  
The enhanced Fe( l l )  ox idat ion  may b e  d u e  to 
change i n  the water chem i stry i n  the i ncu bators 
d u r i ng  the trans i t ion  from l ag to log phase phyto-
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Fig. 9 I n i t i a l  and fi na l  Cel l dens i t ies (ce l l/m l )  for 
m icrophytop l a n kton (A) and  nano-p ico phytop lankton 
(B) for each treatment and contra I for i nc u bation in I F R .  

PAR incubat ions 
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Fig. 1 0  Fe ( I l )  resu lts fram the i n c u bati ons  in I F R  of the 
Anta rct ic  Ocean u n der  PAR.  The i ncu bated seawater was 
co l lected at stat ion 02 3 3  (56°  30 S, 6° E) Symbol s  a re as 
i n d i cated on the f igure and treatments a re defi ned in the 
text. The add i t ions  of Fe and  FeGA are i n d i cated with 
vert ica l  a r raws . 

p l a n kton growth . After day 1 0, a +3 n M  Fe, + 1 .2  
GA was added aga i n .  These new add i t ions  were 
done to meet the i ncreased Fe demand due  to 
i ncreased phytop l a n kton b iomass.  These add i t ions  

a l so gave a chance to test Fe  ( I l l )  red uct io n  in  the 
p resence of h igh phyto p l a n kton b i omass .  Fe ( I l )  
was sti l l  detectab le  after 3 days ( F i g .  1 0) .  

UVAB-PAR treatments 
O u r  resu l ts for I F R  a re fa i r l y  s i m i l a r  to those for 
U VAB-PA R  treatments i n  M I L  IVF  data i n  UVA B 
PA R treatments and contro l s  a re d ifferent from 
those of PAR i nc u bations .  H ighest IVF was 
observed in the contra I up to day 1 0  ( F ig .  9 )  and 
l owest I V F  in  the carboy of  FeGA treatments .  
After the l ast add i t ions, IVF va l ues of Fe treat
ments i nc reased a l i tt l e  more than that of 
contro i s .  FeGA treatments showed l owest growth . 

UVaPAR 
0.8 

__ C·UVabPAR 

:2: 0.6 --<>- C·UVabPAR 
C --<>- FeGA·UVabPAR 

0.4 
__ FeGA·UVabPAR al U. 0.2 - - D- - Fe-UVabPAR 

o - - .- - Fe-UVabPAR 

o 2 4 6 8 1 0  12 1 4  

Days 
Fig. 1 1  As fig. 1 0, but i nc u bat ion u nder U Va b PA R  

Fe( l l ) concentrat ions  i n  FeGA treatment u nder 
U VAB-PAR showed trends s i m i l a r  to those in PAR 
treatments a l be i t  detected Fe( l l )  concentrat ions  
were much  lower than those of  PAR- FeGA treat
ments .  Fe( l l )  concentrat ions  reached up to 0 .2 -0 .4  
nM on day 4 and about 0 . 6-0 . 8  n M  on day 1 3  of 
the exper i ment ( F ig .  1 1 ) . 

Both i n  M IZ and I F R, u nder U VAB-PA R, FeGA 
treatments a l ways y i e l ded l owest growth rates .  
Th i s  i s  a somewhat s u rp r i s i n g  harmfu l effect of 
UVR on phyto p l a n kton .  The phytop l a n kton 
p rotect ive mec h a n i s m  from UVR m ay be affected 
by add it ion  of FeGA d i rect ly  or i n d i rect l y. 
E n hanced oxi dat ion or i nc reased bacte r i a l  
decompos i t ion  of  U V-protect ive orga n i cs due to 
enr ich ment of FeGA, may be a reason beh i nd the 
decrease in  the growth rate . 

Add i t ion  of i ron  d i d  not h ave s ign if icant effects o n  
growth rate and b iomass i n  M IZ samp les u nder 
PAR. H owever, add i t ion  of i ron  together with GA 
causes s ign if icant i nc rease in growth rate and 
b i omass .  Moreover, Fe  add i t ion  a l ters p hytop l a n k
ton spec ies compos i t ion  fram dom i n at i ng nano
p i co phytop l a n kton to m i c rophytop l a n kton .  The 
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i ncrease i n  m ic rophytop l a n kton pop u l at ions  after 
Fe and  FeGA treatments of I F R  u nder PAR i s  i n  
agreement with prev ious  Fe enr ich ment stu d i es i n  
H PLC reg ions .  The G A  effects o n  ava i l ab i l i ty of Fe 
seem cons iderab l e  i n  the i ncubations  of I F R .  Th i s  
cou l d  b e  exp l a i ned b y  t h e  effects o f  GA on 
photored uct ion of Fe( I I I ) .  Th i s  mech a n i s m  may 
p rod uce more ava i l ab l e  i ron ,  and  ava i l ab l e  Fe( l l )  
from a poo l o f  i ron  w h i c h  i s  a l ready ava i l ab l e  for 
phytop l a n kton .  Whether GA or other DOM m ay 
keep i ron i n  so l ut ion by mak ing  a so l u b l e  
comp l ex w i t h  i ron i s  not c l ear  fram o u r  data . I t  i s  
wel l known that photochem ica l  redox react ions  
i n vo l v i n g  Fe act  l i ke a sh utt le  between Fe( l l l ) and  
Fe( l l ) .  To exp l a i n  h igh Fe( l l ) i n  so l ut ion there m u st 
be a mech a n i s m  to keep Fe( l l )  separate i n  th i s  
sh utt le  mech a n i s m ;  i t  i s  n o t  c l ea r  yet whether t h i s  
mechan i sm i s  an  orga n i c  compl exat ion or  
i norga n i c  mecha n i s m  based on med i at ion of  l i ght .  

In the M i l, the ro l e  of i ron  seems not to be 
cr i t ica l .  On the other  hand, our resu Its show 
comb i ned effects of Fe, GA and UVR on the 
grawth rate, spec ies compos i t ion  and harmfu l 
effect of uv. These combi ned effects may be 
exp l a i ned by the photochem i stry of i ron and GA, 
and poss i b l e  effects caused by s i de products of 
th i s  react ion ;  name ly  photoche m i ca l l y  produ ced 
rad ica l s  or  enhanced bacter ia l  act iv ity. 

Repeated add it ion of Fe and FeGA seems not to 
cause any effects on the grawth of phytop l a n kton,  
espec i a l l y  in  the Mil exper i ments .  In  I F R, the 
second add it ion was apparent ly  su pported Fe( l l ) 
presence i n  so l ut ion ,  i n  both PAR and UVAB-PAR 
treatments .  

Our resu l ts show that the presence of GA causes 
effi c ient photored uct ion of Fe( l l l )  u nder PAR as 
wel l as u nder both UVA and U V B .  Fe 
photored uct ion m ay enhance the negative effects 
of UV rad i at ion on phytop l a n kton .  Th i s  is contrary 
to the ant ic i -pat ions  that the detr i menta l  effects of 
U V B  in the Southern Ocean cou l d  be cou nter
acted by photo- red uct ion of i ran ( Pa len i k  et a l . ,  
1 99 1 ) due  to i ncreased photoredu ctive d i sso l ut ion 
of Fe( l l l ) u nder UVR.  Th i s  po i nt needs further 
i nvest igat ion . 
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Physical oceanography 

Background 
The  mar i ne cru i se d u r i ng the  N ord ic  Antarct ic  
Exped i t ion 1 99 7/98 was a contr i but ion to  the  
Southern Ocean J o i nt G l oba l  Ocean F lux  Study 
U G O FS) programme.  A key e lement of the J G O FS 
fie l d  programme i s  a ser ies of stud ies i n  areas of 
the ocea n where the b i o l og ica l  contr ibut ions  to 
carbon fl uxes are both l a rge and poor ly  
q u a nt if ied . The  Southern Ocean i s  of  partic u l a r  
i nterest s i nce i t  i s  one  o f  t h e  major  H N LC ( h i g h  
n utr ient- I ow ch l orophy l l )  a reas o f  t h e  wor ld 's 
oceans,  i . e .  the p r i mary product iv i ty i s  low i n  
many areas desp i te h igh concentrat ions  of the 
macron utr ients n it rate, phosphate and s i l i cate . 
Southern Ocean J G O FS has a n u m ber of spec if ic  
objectives: 

4. To p red ict the response of the Southern 
Ocean to g l oba l  c l i mate cha nge. 

H igh p rod uct iv i ty i n  the Po l a r  Front reg ion  
appea rs to  be  l i n ked to  enhanced i ron  
concentrat ions  resu l t i ng  from u pwe l l i ng or  
advect ion  of  i ron- r ich  water; h igh  produ ct iv ity has  
a l so been observed at fronta l systems assoc i ated 
with the she l f  break .  With i n  the b l oom areas 
carbon d i ox ide  is u ndersatu rated in su rface waters 
and m u ch of the p l a n kton carbon is transported to 
the ocean i nter ior, wh i l e  i n  other a reas zoop l a n k
ton graz i ng pressu re can resu l t  i n  a p hytop lan kton 
com m u n ity with l ow tota l b i omass dom i n ated by 
sma l l  organ i sms .  

1 .  To constra i n  the fl u xes of  carbon, both orga n i c  
and  i norga n i c, a n d  to p l ace these fl uxes i n  the 
context of the contemporary carbon cyc le,  

The overa l l a i m  of the mar i ne  programme was to 
determ i ne the re l ative i m portance of d i fferent 
potenti a l  contro l l i ng factors for p r i mary 
product ion ( i ron ,  deep m i x i nglu pwe l l i ng, l i ght, 
graz i n g, other m i c ro n utr i ents) a l o n g  a tran sect 
from the Po l a r  Front  to the i ce edge and  to assess 
the consequences for the carbon cyc le, both 
i norga n i c  and orga n ic ,  of the res u l t i ng  pr i mary 
and secondary prod u ct io n .  

2 .  To ident ify t h e  factors wh ich  regu l ate the 
magn itude and var iab i l i ty of p r imary produ ct
ion  rates and the fate of b iogen ic  mater i a l s, 

3 .  To i mprove mode l s  of response to past c l i m ate 
changes, 

40'S 

50'S 

60'S 

70 ' S 
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Fig. 1 Sh ip  track from the South Afr ican  Nat i ona l  Anta ret ie  Exped it ion (SANAE)  u n l oa d i n g  s i te i n  P i ngvi n b u kta to 
Cape Town, with the th ree m a i n  work ing  a reas (M IZ; marg i n a l  ice zone, I F R; i nter fronta l reg ion ,  a n d  APF; Antaret ie  
po l a r  front) ma rked . 
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Objectives 
The overa l l  objective here is to study phys ica l  
oceanograph ic  cond i t ions  on  a transect from 
Cape Town to Antarct ica and re l ate these to 
carbon p u m p i ng and pr i mary prod u ct io n .  

The sub-goals are 
• To contr ibute to the two fi rst spec if ic  objectives 

of Southern Ocea n J G O F S  (see above) by 
the u se of phys ica l  oceanograp h i c  measu re
ments and ana lys i s  

• To character ize and compare the p hys ica l  
oceanograph ic  reg i mes a l ong transects between 
Cape Town and the Anta rct ic  cont i nent with 
respect to Ekman p u m p i ng and vert ica l  m i x i ng 
i n  the u pper l ayers 

Study area 
F ig .  1 shows the s h i ptrack from P i n gv i n b u kta to 
Cape Town .  The ocea nograph i c  work was d iv i ded 
i nto th ree m a i n  a reas:  the Marg i n a l ice Zone 
(M IZ),  the I nter Fronta l Reg ion ( I  F R) ,  and the 
Antarcti c  Po l a r  Front (A PF ) .  These a reas a re shown 
in  F igu re 1 .  

APF 

3D' 

3D' 

3D' 
o 

Fie ld work 
Equipment 
We used a Genera l  Ocean ics  Mk I I I C CTD with  a 
2 4  bott le  rosette . The CT D setu p was combi ned 
with a Che l sea I n stru ments Aq uatracka F l uoro
meter and a Tra n s m i ssometer (Sea F i sher ies, S .A . ) .  

I n  add i t ion  to  the CTD we u sed a towed 
u n d u l at i ng  veh i c le, the Scanfi sh  ( D M I ,  Denma rk) 
eq u i pped with CTD (Sea B i rd 9 1 1 ), a th rough
f low fl uorometer (Wet Labs),  Acou st ic  Dopp le r  
Cu rrent  Profi l e r  (ADCP Workhorse, R D  I nstru
ments, 1 2 00 kHz) and l i ght sensors ( U VA, UVB 
and  PAR, I nte rnat iona l  L i g ht) ( F ig .  2 ) .  

The CTD/Rosette was depl oyed a t  1 74 d i sc rete 
stat ions  u s i n g  a 6 meter hydrau l i c  arm at the 
s h i p 's  s ide .  3 000 m cab l e  was ava i l ab l e .  The 
Scanfi sh  was dep loyed from a n  A-frame at the 
ste rn with a spec i a l  w i nch  ( 1 2 00 m cab l e  
ava i l ab l e ) .  

General Strategy 
I n  each of the th ree study a reas an i n i t i a l  Scanfi s h  
su rvey was made o f  cond i t ions  i n  t h e  u pper 1 5 0 
m, fo l lowed by a CTD sect ion  to 400 metres 
depth . The locat ion of the CTD sect ion  was 
chosen based on  the resu l ts from the Scanfi s h  

I FR M IZ 

o 

Fig. 2 Locat ion of Sca nfi sh  sections  (so l i d  l i nes), 400 m CTD casts (squa res), b iostat ions  
(d i amonds), and 3 000 m CTD casts (tr i ang les) i n  the th ree ma in  study a reas.  
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Fig. 3 Temperatu re and sa l i n ity from the l a rge sca l e  deep CTD sect ion 
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secti o n .  At the 48 h rs b iostat ions  pos i t ioned i n  
th i s  sect ion ,  the CTO/Rosette was deployed at two 
h o u r  i nterva l s  at the same pos i t i o n .  Because of 
some i n i t i a l  i n stru ment prob lems, Scanfi sh  tows 

were somet i mes rep l aced by rap i d  CTO sections .  
Oeep CTO casts (to 3 000 m) were a l so obta i ned 
to construct a l a rge sca le  CTO sect ion ac ross the 
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Fig. 4 Ch lorophy l l  a and dens i ty f ield (Sigma theta) from Scanfi sh  sect ion in the MIZ. The 
ch l orophy l l  a max i m u m  i s  trapped with i n  a n  eddy l i ke structu re c 1 ea r ly  seen in the dens i t  y p l ot.  
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Antaret ie C i rc u m po l a r  Cu rrent. F igu re 2 shows the 
locat ion of the Scanfi s h  sect ions, the CTO 
sect ions  to 400 metres, the b iostat ions, and the 
deep CTO casts . 

Pre l iminary results 
F ig .  3 shows the d i st r ibut ion of temperatu re and  
sa l i n i ty for the long  sectio n .  N ote that the su rface 
m i xed l ayer depth var ies between about 50 m i n  
the south to about 1 2 0 m i n  the northern part .  
Th i s  i s  probab ly  due to d i fferences in the w i n d  
stress c u r l  l ead i ng t o  d ivergence i n  t h e  su rface 
l ayer near Antaret iea  and convergenee further 
north . Var iat ions in c h l orophy l l -a  fl uorescenee 
( not shown here for brev i ty) was fou n d  to be 
strong ly  correl ated to var iat ions  in the 
hyd rography. Th i s  was certa i n l y  true a l so at 
sma l le r  sca l es (F ig .  4) Th i s  Scanfi sh  sect ion  from 
M I Z  shows how the fl uorescenee max i m u m  i s  
trapped with i n  an  eddy l i ke structu re . S i m i l a r  
mesosca l e  correspondence was fou n d  i n  t h e  other 
two a reas, where a l so var iat ions in the phys ica l  
fie lds  were seen to  be  strong ly  i nfl uenced by 
topography. At the Norweg ian  Po l a r  I nst i tute we 
are c u rrent ly  u s i n g  a s i m p l e  m i xed l ayer model  
( Krauss  and Tu rner, 1 967 )  together with 
meteoro log ica l  data to study the seasona l  cyc l e  of 
the m i xed l ayer a long  the cru i se transect. 
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