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Postdoctoral fellowships change people’s lives, often providing a bridge between PhD studies and a permanent academic job. In this
issue we highlight our recent success in attracting an unprecedented three new Rutherford postdoctoral fellows to the ARC. We also
report on other successes including a new Marsden grant to Rob McKay, new scholarships and exchanges, and the 16th S.T. Lee
Lecture by Dorthe Dahl-Jensen from the University of Copenhagen. We were also delighted to host Rt. Hon Helen Clark and share
with her our latest research on the state of glaciers in New Zealand and worldwide. Andrew Mackintosh

A word from our Director

Congratulations to Bella Duncan, Holly
Winton and Oliver Wigmore who are
among ten researchers nationwide
awarded Rutherford Foundation New
Zealand Postdoctoral Fellowships. All three
will be based here in the Antarctic Research
Centre (ARC). The two-year fellowships
from the Royal Society Te Apārangi are for
promising researchers in the early stages
of their careers. Four fellowships were
awarded to Victoria University.

ARC Director, Andrew Mackintosh says the
Centre is delighted to secure three
Rutherford postdoctoral fellowships. 

“This provides further evidence of our
standing as a leading global research
centre, attracting the brightest young
international scholars to Wellington, and
also supporting our home grown talent.”

Bella Duncan, who completed her PhD in
2017 with the ARC’s Rob McKay and Tim
Naish, has been awarded her fellowship for
research into the role that atmospheric
warming has played in driving ice sheet
retreat and Antarctic environmental
change in the past. She will use molecular
fossils to reconstruct past Antarctic climate,
air temperature, and vegetation.

Holly Winton will conduct research using
biomarker techniques on Antarctic ice
cores to study marine primary
production—tiny photosynthetic plants
that float in the upper ocean—in the Ross
Sea over the past 2000 years. The research
aims to answer how primary production
changed over this time period and what
drove the change.

Bella is currently working at the ARC, and
Holly, who completed a Master’s degree
with the ARC in 2011, has been working
for the British Antarctic Survey in
Cambridge in the United Kingdom since
completing her PhD.

Oliver Wigmore, from the University of
Colorado, Boulder, will map changes in the
debris-covered tongue of New Zealand’s
biggest glacier—the Tasman—using
drones, satellites and field observations.
The data will improve our understanding
of how debris-covered glaciers respond to
climate change.

The ARC team is very pleased to continue
working with Bella and looks forward to
welcoming Holly and Oliver in 2019.

Rob McKay has recently been awarded a
Marsden Fund grant, administered by the
Royal Society Te Apārangi, for his
research on “Antarctic ice sheet
interactions with the ocean during past
warm climates”. He is Among 22 Victoria
University-led projects and will receive
$960,000 over three-years.

Rob’s research is looking into the marine-
based West Antarctic Ice Sheet which is
currently experiencing accelerated, and
potentially irreversible retreat. This
reflects shifts in wind-driven oceanic 

currents that are transporting warm
waters towards the ice margin. While sea-
level rise is the obvious impact of ice
sheet melt, one of the largest unknowns
is the role that ocean-ice sheet
interactions may play in either
dampening or amplifying future climate
change. 

“Our aim is to improve knowledge of the
magnitude of ice sheet-ocean
interactions during large (>20C) global
climate changes in the geological past,
when the Antarctic ice sheet partially
retreated” says Rob. 

On the face of it nothing at all! However,
in July ARC adjunct, Dr Dave Lowe, was
invited to give a keynote lecture on
aspects of climate change science to an
engineering summer school run by
German and International experts within
the field of robotics at the University of
Stuttgart. 

Mitigation and adaptation to climate
change will require huge developments
in technology many of which are
underpinned by the rapidly developing

field of robotics, including soft tissue
robotics.  Dave’s keynote, deliberately
aimed to be provocative, led to a lively
discussion in several key areas where
new technology could reduce carbon
emissions. In agriculture, soft tissue
robotics harvesting of fruit and other
crops is a common theme and there were
experimental proposals to replace sugar
beet fields with large photo voltaic arrays.
The overall efficiency of the process
measured by land use and other

parameters might be 15% which
compares with less than 1% for
conventional sugar beet farming. Sounds
great but, like many other ideas to
mitigate CO2 emissions, behavioural
change remains a huge problem.

However there was a willingness of
scientists and engineers to accept
climate change as a serious threat and
examine ways in which they might be
able to help with mitigation and
adaptation. Dave Lowe

Rob McKay on board the Joides Resolution

Antarctic research benefits from Rutherford postdoctoral fellowships

ARC's new Rutherford postdoctoral fellows—Bella Duncan, Holly Winton and Oliver Wigmore

What do climate change science and soft tissue robotics have in common?  

More success for ARC researcher

The XXXV SCAR Open Science
Conference was a joint meeting between
the Scientific Committee on Antarctic
Research (SCAR) and the International
Arctic Science Committee (IASC). The
meeting, held in Davos, Switzerland from
the 15-26 June, was collectively called
POLAR2018 – “Where the Poles come
together”. It brought together the world’s
leading Antarctic and Arctic  researchers
for the first time since the International
Polar Year of 2007-2008.

ARC were well represented at the
conference with 13 participants out of a
72-strong New Zealand contingent.
Nancy Bertler and Tim Naish chaired
SCAR strategic research programmes
(SRPs) workshops: ‘Antarctic Climate in
the 21st Century’ (AntClim21) and ‘Past

Antarctic Ice Sheet Dynamics’ (PAIS),
respectively. 
https://www.scar.org/science/srp/

Three new programmes were also
approved, one led by Tim provisionally
entitled ‘Antarctic Ice Sheet Dynamics
and Global Sea Level’ (AISSL) aims to
quantify the Antarctic ice sheet
contribution to past and future global
sea-level change, from improved
understanding of climate, ocean and
solid Earth interactions and feedbacks
with the ice, so that decision-makers can
better anticipate and assess the risk in
order to manage and adapt to sea-level
rise and evaluate mitigation pathways.  

Peter Barrett, Laura DeSantis (OGS, Italy)
and US educator Kimberly Kenny, hosted
an evening event showcasing 50 years of

scientific ocean drilling and discovery
around Antarctica from the pioneering
expeditions in the early 1970s to the
most recent drilling leg in the Ross Sea
led by Laura and ARC’s Rob McKay. Tim
also chaired a lively panel presentation
and Q and A on ‘Polar Change and the
Future of Society', sponsored by the
journals Nature and Nature
Communications to celebrate 60 years of
SCAR and the production of a special
Nature Insight issue. 

The research presented by ARC continues
to be of the highest quality and attracts
a lot of interest whether it be ice sheet
modelling, past ice sheet reconstructions
from geological and ice core data or
geomorphic reconstructions using
cosmogenic isotopes.  

Polar2018 conference



� �

"9�
�!:A08-0=��#=:10>>:=��:=?30��,37�
�09>09��,9�49?0=9,?4:9,77D�=0>;0.?0/�,9/
,B,=/�B499492�4.0�>.409?4>?�,?�?30�!407>
�:3=��9>?4?@?0��’94A0=>4?D�:1��:;093,209�
;=0>09?0/� ?30� 
�?3� ,99@,7� %�&�� �00
�0.?@=0�49��9?,=.?4.�%?@/40>�

�:=?30�>� 70.?@=0� 1:.@>>0/� :9� 3:B� ?30
�=0097,9/�4.0�>300?�4>�=0,.?492�?:�.748,?0
.3,920I;=:2=0>>4A07D�7:>492�8:=0�8,>>
0A0=D� D0,=�� "90� 1@?@=0� .3,770920� 4>
,/,;?492�?:�=4>492�>0,�70A07�>:�-D�7::6492
49?:� 3:B� 4.0� >300?>� =0,.?� ?:� .3,92492
.748,?0�49�?30�;,>?��B0�.,9�48;=:A0�1@?@=0
;=0/4.?4:9>�:1�>0,�70A07�=4>0��

�@=492� ?30� 7,>?� 49?0=27,.4,7�� 
�	�			�


��			�D0,=>�-01:=0�;=0>09?��.748,?0�B,>
�J��B,=80=�:A0=��=0097,9/��,9/�27:-,7
>0,� 70A07� B,>� ���� 80?=0>� 34230=� ?3,9
;=0>09?�� �77� 4.0� .:=0>� 1=:8� �=0097,9/
>3:B�?3,?�?30�4.0�>300?�>@=A4A0/��8,6492

:97D�,�8:/0>?�.:9?=4-@?4:9�?:�27:-,7�>0,�
70A07� =4>0� :1� ,;;=:C48,?07D� �� 80?=0>�
&30>0�149/492>�48;7D�?3,?��9?,=.?4.,�B,>
,� 8,5:=� .:9?=4-@?:=� ?:� >0,�70A07� =4>0
/@=492�?34>�;,>?�B,=8�;0=4:/��,9/�8,D
=0>;:9/�>4847,=7D�49�?30�1@?@=0�

�$���4=0.?:=���9/=0B� ,.649?:>3�>,D>�4?
4>�.3,77092492�?:�B:=6�:@?�0C,.?7D�B30=0
�9?,=.?4.,�>�>0,�70A07�=4>0�.:9?=4-@?4:9�:1

���80?=0>�8,D�3,A0�.:80�1=:8����>0,
70A07� .:9?=4-@?4:9� :1� ?34>� >4E0� =0<@4=0>
?:?,7� 7:>>� :1�8,=490�-,>0/� ;,=?>� :1� ?30
)0>?��9?,=.?4.��.0�%300?��-@?�,7>:�4.0�7:>>
1=:8�.:,>?,7�>0.?4:9>�:1��,>?��9?,=.?4.,�

�:=?30�,9/��9/=0B�,2=00�?3,?�?30=0�,=0�,
7:?�:1�@969:B9>�49�?=D492�?:�?0,>0�:@?�B3,?
3,;;090/�?:�?30�2=0,?� 4.0�>300?>� 49�?30
;,>?�� 3:B� ?30D�8423?� =0,.?� ?:� /4110=09?
,8:@9?>�:1�1@?@=0�B,=8492�,9/�B3,?�?30
=0>@7?492�=4>0�49�>0,�70A07�8423?�-0�

G"90� :1� ?30� -4220>?� @9.0=?,49?40>� 4>� :@=
-03,A4:@=� 49� ?30� 1@?@=0�H� >,D>� �:=?30�
��0.,@>0� 3:B� >?=:92� ?30� ?08;0=,?@=0
.3,920�4>�2:492�?:�-0�/0;09/>�:9�3:B�B0
=0,.?�,9/�3:B�8@.3�2=0093:@>0�2,>0>�B0
;@?�49�?30�,?8:>;30=0��

�����"
�
�������������""��
"�������
�����
!"���"�����������������������
�����


#=:10>>:=��:=?30��,37��09>09�49��=0097,9/

�������
��������������������������"
������
#3�� >?@/09?� �7:=09.0� �>,,.>� B,>� :90� :1
?3=00� .,9/4/,?0>� ?:� =0.04A0� ,� �	
�
�9?,=.?4.,� !0B� +0,7,9/� >.3:7,=>34;� 1:=
=0>0,=.3�:9��9?,=.?4.,�,9/� ?30�%:@?30=9
".0,9�� �7:=09.0��B3:� 4>�@9/0=?,6492�30=�

>?@/40>�B4?3� �,80>�$09B4.6� �%���%�� ,9/
�9/=0B�  ,.649?:>3� ��$���� >,D>� ?30
>.3:7,=>34;�B477�24A0�30=�:;;:=?@94?40>�?:
2:� ?:� �9?,=.?4.� .:910=09.0>� ,9/� >.409.0
>@880=� >.3::7>�� ,>� B077� ,>� ?=,A07� ?:
�9?,=.?4.,�

G�� 3:;0� ?34>� 4>� ?30� -02499492� :1� ,� 7:92
=07,?4:9>34;� B4?3� �9?,=.?4.� =0>0,=.3�H
�7:=09.0�>,D>��G�?�>�49.=0/4-7D�0C.4?492�?:�-0
24A09�?30�:;;:=?@94?D�?:�,.340A0�:90�:1�8D
74107:92�/=0,8>�H

�9� !:A08-0=�� �7:=09.0� ?=,A0770/� ?:
�9?,=.?4.,� B4?3� !�)�� >.409?4>?� !,?,740
$:-49>:9�?:�>?@/D�3:B�>0,�4.0�49� . @=/:
%:@9/�49?0=,.?>�B4?3�?30�@;;0=�:.0,9�

�7:=09.0� B,>� ,7>:� ,� =0.4;409?� :1� ,9� �$�
�9/:B0/��0A07:;809?��@9/��?:�,??09/�?30
34237D� .:8;0?4?4A0� �,=?3,@>� %@880=
%.3::7� :9� �.0� ,9/� �748,?0�� =@9� -D� ?30
�9>?4?@?0� :1�  ,=490� ,9/� �?8:>;30=4.
$0>0,=.3��’?=0.3?��&30� >.3::7� ;=:A4/0>� ,
-,>4.� 49?=:/@.?4:9� ?:� ?30� /D9,84.>� :1
27,.40=>�,9/�4.0�>300?>��1:=�,=:@9/�
	�0,=7D�
>?,20�#3��>?@/09?>�1=:8�,=:@9/�?30�B:=7/��

G�01:=0� >?,=?492� ?34>� =0>0,=.3� �� 3,/� A0=D
74??70� -,.62=:@9/� 49� 27,.4:7:2D�� >:� ?30
�,=?3,@>�%@880=�%.3::7�=0,77D�307;0/�?:
-=4/20�,�2,;�49�8D�69:B70/20��,9/�0C;,9/
?30�;:>>4-474?40>�:1�8D�=0>0,=.3����3:;0�?:
49.:=;:=,?0�8,9D�:1�?30�?::7>�,9/�>6477>�?3,?
��2,490/�49?:�8D�149,7�?30>4>�H�>,D>��7:=09.0�

������
�������������������	����������
���
&30� %�&�� �00�*:@92� %.409?4>?� �C.3,920
3,>� ,� 
��D0,=� 702,.D� >@;;:=?492
>?@/09?>�:1�27,.4:7:2D�,9/�.748,?:7:2D�
�?� B,>� ?30=01:=0� >@=;=4>492� B309� 8D
,;;74.,?4:9�>�:@?.:80�=0,/�GD:@F77�-0�?30
14=>?� A:7.,9:7:24>?� >@;;:=?0/� -D� ?34>
0C.3,920H��%:�B3,?�.,9�A:7.,9:0>�?077�@>
,-:@?�.748,?0�

%49.0� ?30� 
��	>�� ,� >8,77� 9@8-0=� :1
A:7.,9:7:24>?>�3,A0�=0.:294>0/�?3,?�7,A,
17:B>� .,9� -0� -@??=0>>0/� -D� 4.0�� B34.3
:1?09� ;=:/@.0>� >;0.?,.@7,=� 7,9/1:=8>
.:A0=0/� B4?3� 1490�>.,70� .::7492� 5:49?>�
�9.4/09?,77D�� >@.3� 7,9/1:=8>� ,=0� ,7>:
;,70:.748,?4.�=0.:=/>�:1�4.0�?34.690>>0>�
&34>�.:9.0;?�3,>�-009�,;;740/�B4?3�7,=20
>@..0>>� 49� ?30�&:92,=4=:� !,?4:9,7� #,=6�

!0B�+0,7,9/�B34.3�4>�,�1:.@>�:1�8D�#3�
=0>0,=.3��&3,96>�?:��=��00����$���4=0.?:=�
�,5:� �4.609� ,9/� �$�� �4=0.?:=�� �9/=0B
 ,.649?:>3����B,>�,-70�?:�>3,=0�?30�=0>@7?>
:1� 8D� 27,.4:A:7.,94.� >?@/40>� B4?3
>.409?4>?>� ,?� ?30� ’94A0=>4?D� :1� �7,>6,�
�,4=-,96>�� ?30� �7,>6,� �4A4>4:9� :1
�0:7:24.,7� ,9/� �0:;3D>4.,7� %@=A0D>
��,4=-,96>��,9/�?30�’%�%��7,>6,�(:7.,9:
"->0=A,?:=D���9.3:=,20��

 D� A4>4?� ?:� �,4=-,96>� >;@==0/� ,
.:77,-:=,?4:9� B4?3� =0>0,=.30=� #,A07
�E-06:A�?:�0C,8490�?30�=07,?4A0�:@?;@?>�:1
8,28,� ,9/� 2,>� ,?� >070.?0/�
�B077�8:94?:=0/�� .4=.@8�#,.414.
>?=,?:A:7.,9:0>���0.,@>0�8,9D�:1�?30>0
A:7.,9:0>� 3,A0� 0C;0=409.0/� 27,.4,?4:9�

B0� 900/� ?:� @9/0=>?,9/� 3:B� 4.0� 3,>
,110.?0/�?30�;=0>0=A0/�A:7@80�:1�8,?0=4,7
:9� 0,.3� A:7.,94.� 0/414.0�� )4?3:@?
.:9>4/0=492� 27,.4:A:7.,94.� ;=:.0>>0>�� 4?
B:@7/�-0�48;:>>4-70�?:�,..@=,?07D�<@,9?41D
A,=4,?4:9>�49�8,28,�:@?;@?�?3=:@23�?480�

��������

�7:=09.0��>,,.>�:9�?=,A0=>0�?:�
 . @=/:�%:@9/���9?,=.?4.,

�0:�#@=0�49��09,74�!,?4:9,7�#,=6���7,>6,

&30� �$��B,>� /07423?0/� ?:� 3:>?� 1:=80=
#=480� 494>?0=��$?���:9���0709��7,=6�:9�
	
�@7D� ?:� >3,=0� /0?,47>� :1� 60D� =0>0,=.3
;=:50.?>�>006492�?:�-0??0=�@9/0=>?,9/�?30
48;,.?�.748,?0�.3,920�4>�3,A492�49�!0B
+0,7,9/����

�0709� �7,=6� >;09?� ?480� B4?3� >?,11� ,9/
>?@/09?>�1=:8�?30��09?=0�-01:=0�>4??492
/:B9� B4?3� �$�� �4=0.?:=�� #=:10>>:=
�9/=0B�  ,.649?:>3�� �$�F>� %094:=
$0>0,=.3��077:B��=��=4,9��9/0=>:9��#3�
.,9/4/,?0��,@=09�(,=2:���3401� %.409?4>?
1:=� �748,?0�!�)��� �=� %,8� �0,9�� ,9/
(4.?:=4,� ,7@8�� 9:B� B:=6492� ,?� ?30
’94A0=>4?D� :1� �,9?0=-@=D�� �=� �0,?30=
#@=/40��B3:�,77� ?,760/�B4?3��0709��7,=6
,-:@?� ?304=� ,=0,>� :1� =0>0,=.3� 1:.@>I
>;,99492� ?30� -=0,/?3� :1� .748,?0
8:/077492�?:�B,?0=�>0.@=4?D�,9/�?3=0,?>�?:
=024:9,7�0.:9:840>���

%;0,6492�?:�?30�2=:@;���0709��7,=6�>,4/
>30�3,/�,..0;?0/�?30�:110=�-0.,@>0�>30
B,>�>00492�?30�49.=0/4-70�48;,.?�.748,?0
.3,920�4>�3,A492��49.7@/492�:9�>:80�:1
?30� ;::=0>?� ,9/� 8:>?� A@790=,-70
.:88@94?40>�49�?30�B:=7/��,9/�49.=0,>492
0C?=080�B0,?30=�,9/�>?:=8�0A09?>���

G��A0� 1:@9/� ?3,?� 1:=� ?30� /0A07:;492
.:@9?=40>�?304=�1:.@>�B,>�A0=D�8@.3�:9
,/,;?,?4:9���@?�:1�.:@=>0�B0�69:B�?3,?
@970>>�D:@�=0�,//=0>>492�?30�>:@=.0�:1�?30
;=:-708�D:@�.,9�?�,/,;?�D:@=�B,D�:@?�:1
4?�� �9� ?30�09/�D:@�3,A0� ?:�84?42,?0�,9/
?3,?�49A:7A0>�20??492�?30�.,=-:9�1::?;=49?
/:B9�H

�&30>0� ,=0� ?30� 4>>@0>� ?3,?� �� 3,A0� ,
;,>>4:9,?0� 49?0=0>?� 49�� ,9/� .,?.3492�@;
B4?3� ?30� 7,?0>?� >.409?414.� =0>0,=.3� 4>
0C?=0807D�48;:=?,9?��-0.,@>0���B477�600;
.:8809?492�:9�?30>0�4>>@0>��

��;,=?4.@7,=�1:.@>�:1�?30�800?492�B,>�?30
.3,920>�:->0=A0/�49�27,.40=>�-0.,@>0�:1
?30� 48;,.?>�:1� .748,?0�.3,920��-:?3� 49
!0B� +0,7,9/� ,9/� B:=7/B4/0�� ,9/� ?30
?=4.670�/:B9�0110.?>�?34>�B:@7/�3,A0�1:=
.:88@94?40>�B3:� 74A0/�90,=� ?308�,9/
=0740/�:9�?308�1:=�,..0>>�?:�.70,9�B,?0=�
4==42,?4:9� 1:=� 1,=8492�� ,9/� 0A09� ?:
>@;;:=?�?30�0.:9:8D�

�9/=0B� >3,=0/� =0>0,=.3� >3:B492� ?3,?
27,.40=>� ,=0� =0?=0,?492� >429414.,9?7D
?3=:@23:@?�?30�B:=7/��

G�7,.40=>�3,A0�-009�=0?=0,?492�>49.0�?30
0,=7D� �	?3� �09?@=D�� -@?� 4.0� 7:>>� 3,>
,..070=,?0/� 49� =0.09?� /0.,/0>�� &30
;=:-708,?4.� ,=0,>� ,=0� ,=4/� ,=0,>I
;,=?4.@7,=7D� 49� .09?=,7� �>4,� ,9/� %:@?3
�80=4.,���:88@94?40>�?30=0�:1?09�=07D�:9
B,?0=�?3,?�=@9>�:11�807?492�>9:B�,9/�4.0�
�D�7::6492�,?�.748,?0�.3,920�10,?@=0>�,9/
/:492�>:80�>48;70�.,7.@7,?4:9>�� ?30=0�>
0>?48,?4:9>�?3,?�?34>�.:@7/�48;,.?�,?�70,>?
�	�84774:9�;0:;70���=:8�,�B,?0=�=0>:@=.0>
;0=>;0.?4A0��807?492�27,.40=>�,=0�?0==4-7D
48;:=?,9?�H

�=:8�?30=0�?30�/4>.@>>4:9�8:A0/�:9�?:�,
!0B� +0,7,9/� .:9?0C?�� �,@=09� >3,=0/
49>423?>� :9� ?30� !�)�� �9/� :1� %@880=
%9:B7490�%@=A0D��B34.3�3,>�;=:A4/0/�,9
:92:492� =0.:=/� :1� 60D� !0B� +0,7,9/
27,.40=>�>49.0�
������A0=D�D0,=�,?�?30�09/
:1�>@880=��$��,9/�!�)��>.409?4>?>�?,60
?:�?30�,4=�49�7423?�,4=.=,1?�?:�?,60�;3:?:>�:1
�	�!0B�+0,7,9/�27,.40=>���

G)0�=0�?,6492�3@9/=0/>�:1�;3:?:>�:1�0,.3�
,9/� -D� 20:?,22492� ?308� ,9/� @>492
8:/077492�>:1?B,=0�B0�.,9�9:B�2090=,?0
��� 8:/07>� :1� 27,.40=>�� B34.3� A4>@,77D
>3:B�?30�.3,920>�49�27,.40=�>4E0�:A0=�?30
;,>?�
	�D0,=>�H�>,D>��,@=09���

�=4,9�/4>.@>>0/�?30�0110.?>�?34>�.3,92492
27,.4,7�7,9/>.,;0�8423?�3,A0��

G&30=0� ,=0�8:=0� ?3,9� ��			� 27,.40=>� 49
!0B�+0,7,9/��,9/�B309�?30D�807?��?30D
48;,.?�/4110=09?�;,=?>�:1�!0B�+0,7,9/�49
A0=D�/4110=09?�B,D>��0A09�49�<@4?0�,�>8,77
20:2=,;34.�,=0,I,7:92�?30�)0>?��:,>?�
,9�49.=0,>0�49�807?B,?0=�.,9�70,/�?:�17::/
0A09?>��B3470�,?�?30�>,80�?480��?30�7:>>�:1
27,.40=>� 49� �,9?0=-@=D� B477� 48;,.?� :9
4==42,?4:9� ,9/� 3D/=:;:B0=�� ,9/� 49
%:@?37,9/�� ?30� ?48492� :1� ?30� 807?� B477
48;,.?�:9�7:B7,9/�B,?0=�<@,74?D�H�

��?,924-70�0C,8;70�?3,?��=4,9�2,A0�B,>
?30�.3,920>�:->0=A0/�:9�?30��=,9E��:>01
�7,.40=� B34.3�� 30� ;:49?0/� :@?�� 3,/
=0?=0,?0/�
���68�>49.0��	
��

G�1�B0�/:9�?�>?,=?�?:�?,60�,.?4:9�?:�84?42,?0
.748,?0� .3,920� ?309� 4?�>� ,� 9423?8,=0
>.09,=4:�1:=�27,.40=>�H�>,4/��=4,9��G�77�B0�77
3,A0� ,=0� >:80� 27,.40=>� :9� ?30� 34230>?
;0,6>IB077�69:B9�27,.40=>�7460��:C�,9/
�=,9E��:>01�B477�-0�,78:>?�2:90�H

G�1� B0� 1:77:B� ?30� #,=4>� ,2=00809?� ,9/
>?,=?�=0/@.492�2=0093:@>0�2,>�084>>4:9>
<@4.67D� ,9/� >?,=?� ?,6492� 4?� :@?� :1� ?30
,?8:>;30=0�,1?0=��	�	�� ?309�B0�77�3,A0
>8,770=�-@?�>?477�>;0.?,.@7,=�27,.40=>���?�>
=0,77D�@;�?:�@>�H

�0709��7,=6�?,76492�B4?3��,@=09�(,=2:���9/=0B� ,.649?:>3���=4,9��9/0=>:9�,9/�
�0,?30=�#@=/40��-,.6�?:�.,80=,�

��"����"
�� ����������
����
����������������������������"
�����






