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Ym ,m/mf*1YE S ,m/1Wqpb d-W1,\/m S VSaW\O
`\/ ]\/ /1yab,S1Y a\WZ1hZ\-\ a,1b* ]`S dh*O
abSS d-W1VSaW\-\ -*4*D 6D �\-/* Ym ,/mf*1Y
VSaW\`\/E ob\b gSVW 4*,1`j*1baqD �a

�
1 ob\ ]`\O

Saf\/Sb aW*31ZZ\E +14 jdY* S ,`1/Zmf \bf\/\,D

5

7

6

5
�-W1VSaWmy

-*4

6
�SaW\`\/
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�/1*WnZ*q ]1`1`*+\bV*I
˛*Y1bZmy Z*dhZ\Ob1fZSh1aVSy ]`\O

-`1aa ]`S,1W V b\YdE hb\ V*3/my -\/
]`\S4,\/qbaq b\ZZm Z1 ]\//*pkSfaq
dbSWS4*gSS b\VaShZmf ,1k1ab,D �/Z*V\
˛1YWqE 4*/1yab,dq d/S,Sb1WnZm1 fSYSO
h1aVS1 ]`\g1aamE a]\a\+Z* ]1`1`*+\b*bn
*+a\WpbZ\ ,a1 a,\S \bf\/mD
�*VE ]\O,*j1YdE ]\q,SWSan ,a1 obS ]`\O

g1aamH w˚aWS +m oV\aSab1Y* ˛1YWS /1yO
ab,Sb1WnZ\ ,\4ZSVW* aWdh*yZ\E b\ +mO
W\ +m Z1,\4Y\3Z\ /\abShn b*V\-\ a\,1`O
j1ZZ\-\ d`\,Zq ]`S`\/Z\y -*`Y\ZSSxEP
-\,\`Sb
*yVW �\`SE *,b\` Z*dhZ\O`1WSO
-S\4Zmf b`d/\,9D �\-W*aZm WS ,m a 1-\
,m,\/*YSH

�*V +m,m\b,1bSWSH
˛ 	hSb*1b1 WS ,mE hb\ obS
b\ZVS1 Y1f*ZS4Ym ˛1YWS ]\q,SWSan
, `14dWnb*b1 4*YmaW*H ˚aWS /*E b\
V*VS1 S4 ,mj1]`S,1/1ZZmf e*Vb\,
,m Z*f\/Sb1 Z*S+\W11
d+1/Sb1WnZmYSH

˛ �*V +m ,m \b,1bSWS Z* db,1`3/1ZS1E
hb\ ˛1YWq Z1 ]`1/ab*,Wq1b a\+\y
ZSh1-\ \a\+1ZZ\-\E * ]`\ab\ Y1ab\E
-/1 Y\-W* ]`\b1V*bn o,\WpgSqH

Stockbyte/G
etty

Im
ages

�`d-\,\`\b *4\b*D˙Wq ]\//1`3*ZSq 3S4ZS Z* Z*j1y ]W*Z1b1 ,*3Z\1 4Z*h1ZS1 SY1O
pb b*VS1 \`-*ZSh1aVS1 Y\W1VdWmE V*V +1WVSD 	D ˙Wq Sf \+`*4\,*ZSq b`1+d1baq *4\bD
� ah*abnpE Z*j* *bY\ae1`* Z* ;< ]`\g1Zb\, a\ab\Sb S4 ob\-\ -*4*D �\/ /1yab,S1Y oW1VO
b`Sh1aVSf `*4`q/\, *4\b ]`1\+`*4d1baq , a\1/SZ1ZSqE V\b\`m1 Y\-db ]\-W\k*bnaq `*aO
b1ZSqYSD �D ˛*b1Y `*ab1ZSq Sa]\Wn4dpb obS a\1/SZ1ZSq /Wq \+`*4\,*ZSq \`-*ZSh1aVSf
Y\W1VdWD˝S,\bZm1E ]\1/*q `*abSb1WnZ\abnE b\31 ]\Wdh*pb *4\bD�D�*V\Z1gE V\-/* `*aO
b1ZSq S 3S,\bZm1 dYS`*pbE \a\+*q -`d]]* +*Vb1`Sy `*4W*-*1b obS *4\bZm1 a\1/SZ1ZSq S
,\4,`*k*1b *4\b , ]\h,d S *bY\ae1`dE b*VSY \+`*4\Y 4*,1`j*q gSVWD

�bY\ae1`* ˛1YWS
Z* ;< ]`\g1Zb\,
a\ab\Sb S4 *4\b*


`-*ZSh1aVS1
Y\W1VdWm�

�*Vb1`SS
�

�4\bZm1 a\1/SZ1ZSq

�

�*Vb1`SS
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˛1YWqD � ab* -`*YY*f ]\h,m \/O
ZSf b\WnV\ ,S/\, +*Vb1`Sy \V\W\ 5>
bmaqh;E * d3 Sf `1*WnZ\1 hSaW\ /*31
Z*4,*bn b`d/Z\D �1V\b\`m1 \`-*ZS4O
Ym \+\aZ\,*WSan , b\Wk1 41YWS Z*
-Wd+SZ1 ]\hbS b`1f VSW\Y1b`\,I<

�\4/dfD 'b\ `\/Z*q abSfSq Z1 b\WnO
V\ /Wq ]bSgE Z*a1V\Ymf S Z1V\b\O
`mf YW1V\]Sb*pkSfD �\4/df Z*]\WO
Z1Z ]mWng\yE a]\`*YS S a1Y1Z*YS
`*ab1ZSyE * V\1O-/1 S bmaqh*YS ,SO
/\, YSV`\+\,D �*V \bY1h*W\an ,
3d`Z*W1 w	*y1ZbSeSV *Y1`SVoZxE w,
,\4/df1 YSV`\\`-*ZS4Y\, Z1 Y1ZnO
j1E h1Y , ]\h,1x=D

�\/*D 
V1*ZaVS1 -Wd+SZm \ab*pbO
aq Y*W\S4dh1ZZ\y ae1`\yE Z1/\abd]O
Z\y +14 /\`\-\ab\qk1-\ \+\`d/\,*O
ZSqD �\`*WW\,m1 `SemE V*4*W\an +mE
SaaW1/\,*Zm ,/\Wn S ]\]1`1VE Z\ S
b*YE ]\f\31E \+Sb*pb YSWWS\Zm 1k1
Z1S4,1abZmf ,S/\,D

�\q,SW\an WS b*V\1 ]\`*4Sb1WnZ\1
`*4Z\\+`*4S1 e\`Y 3S4ZS , `14dWnO
b*b1 aW1]\-\ aWdh*qH �Z\-S1 a\-W*O
aqbaq a\ aW\,*YS ]\ob*E V\b\`my Z*O
]Sa*WB w�*V YZ\-\hSaW1ZZm b,\S
/1W*E \ �1-\,*I� �a1 ob\ bm a\b,\O
`SW a Yd/`\abnpD ˛1YWq ]\WZ* b,\Sf
]`\S4,1/1ZSyx L�a*W\Y 5>8B68MD

� 	\-W*aZ\�S+WSSE �\3n1 SYqP�1-\,*
L�a*W\Y <7B5<MD

�4\+SWS1e\`Y3S4ZS
�\hZ\ Z1S4,1abZ\E aV\WnV\ Z*
˛1YW1 \+Sb*1b ,S/\,D �\ `*4ZmY
]\/ah1b*YE \b 6 /\ 5>> YSWWS\O
Z\,:D �*aV\WnV\ `*a]`\ab`*Z1Z*
3S4Zn Z* Z*j1y ]W*Z1b1H

�\h,1ZZm1
+*Vb1`SS

�mWng*

	VbSZSq

Bacteria: Penn State University, laboratory of Jean Brenchley, and with kind
permission from Springer Science�Business Media: Extremophiles, Novel
ultramicrobacterial isolates from a deep Greenland ice core represent a pro-
posed new species, Chryseobacterium greenlandense sp. nov., January 2010,
Jennifer Loveland-Curtze; pollen: � Fotosearch10 �%�� �� ˝�˛�& 	
˛˙���H



�b\�b\ ob\ob\ ]`S/]`S/dY*WHdY*WH
� ]\aW1/Z11 ,`1Yq dh1Zm1 S SZ31Z1`m , ]`qO
Y\Y aYmaW1 ab*WS dhSbnaq d `*ab1ZSy S 3S,\bO
Zmf L�\, 56B;E <MD 
ZS SaaW1/dpb S 4*SYab,dpb
]`SZgS]m ab`\1ZSq `*4WShZmf +S\W\-Sh1aVSf
ab`dVbd`E hb\+m a\4/*bn Z\,m1 SWS da\,1`j1ZO
ab,\,*bn d31 SY1pkS1aq Y*b1`S*Wm S Y1f*O
ZS4YmD 'b* \b`*aWn SZ31Z1`SS Z*4m,*1baq
+S\YSY1bSV\yD �*4YmjWqq Z*/ aW1/dpkSYS
]`SY1`*YSE ]\/dY*yb1B V\Yd , /1yab,Sb1WnO
Z\abS ]`SZ*/W13Sb h1abn 4* ,a1 obS d/S,SO
b1WnZm1 V\Zab`dVgSSH
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�W*,ZSV VSb*
�1Yd *,S*gS\ZZm1 V\Zab`dVb\`m Y\O

-db Z*dhSbnaq d -\`+*bmf VSb\,H �4`\aO
Wmy -\`+*h ,1aSb \V\W\ 7> b\ZZP ab\WnV\
31E aV\WnV\ -`d4\,\y *,b\Y\+SWn a -`d4\YD

 VSb* /\,\WnZ\ 31abV\1 b1W\ a \-`\YZmO
YSE ]\/\+ZmYS V`mWnqY ]W*,ZSV*YSD �/O
Z*V\ ob\b 56OY1b`\,my -S-*Zb d/S,Sb1WnO
Z\ ]\/,S31Z , ,\/1D
�\Wnj1 ,a1-\ dh1Zmf SZb1`1a\,*W\E V*V

ob\E V*4*W\an +mE Z1]\,\`\bWS,\1 3S,\bO
Z\1 Y\31b /,S-*bnaq ]\ b*V\y V`db\y a]SO
`*WSD �ZS \+Z*`d3SWSE hb\ a1V`1b V`\1bO
aq , ]W*,ZSV*f VSb*D � \bWShS1 \b V`mO
Wn1, a*Y\W1b* ]1`1/ZSy V`*y 1-\ ]W*,O
ZSV\, Z1 -W*/VSyE * 4*4d+`1ZZmy S SY11b
`q/ ,mabd]*pkSf +d-\`V\,D
�\-/* VSb ab`1YSb1WnZ\ `*aa1V*1b b\WO

kS ,\/mE obS +d-\`VS d,1WShS,*pb ]\/lO
1YZdp aSWd S dY1Znj*pb a\]`\bS,W1O
ZS1D �*VSY \+`*4\YH � \/Z\Y 3d`Z*W1
]\ 1ab1ab,\4Z*ZSp \+lqaZqW\anE hb\ +W*O
-\/*`q +d-\`V*Y ]\b\V ,\/m d]\`q/\h1ZO
Z\ S `*,Z\Y1`Z\ ]`\f\/Sb Z*/ ]W*,ZSV\YE
/*31 1aWS VSb /1W*1b \h1Zn V`db\y ]\/lO
1Y LNatural HistoryM5>D
�*V\1 ]`*VbSh1aV\1 ]`SY1Z1ZS1 Y\31b

SY1bn ob\ \bV`mbS1H �`mWnqY a*Y\W1b\,E
]\ab`\1ZZmY ]\ b*V\Yd 31 ]`SZgS]dE ]\O
b`1+d1baq -\`*4/\ Y1Znj1 4*V`mO
W\V S /`d-Sf dab`\yab,E ]`1/O
Z*4Z*h1ZZmf /Wq `1-dWS`\,*O
ZSq ,\4/djZ\-\ ]\b\V*D �*O

VS1 V`mWnq \V*3dbaq +\W11 Z*/13ZmYSE S
Sf W1-h1 +d/1b \+aWd3S,*bnD �]1gS*WSab
, \+W*abS +S\Y1f*ZSVS ˙3\Z �\Z- ahSb*O
1bE hb\ Z1/*W1V b\b /1ZnE wV\-/* V*3/my
a*Y\W1b +d/1b \aZ*k1Z b*VSYS 31 +d-\`O
V*YSE V*VS1 SY1pbaq Z* ]W*,ZSV*f -\`+*O
bmf VSb\,x55D

�`mW\ h*yVS
�a1Y S4,1abZ\E hb\ V`mWnq a*Y\W1b\,

]\ab`\1Zm ]\ ]`SZgS]d V`mWn1, ]bSgD
�/Z*V\ Z1/*,Z\ SZ31Z1`*Y d/*W\an 1k1
+\Wnj1 ]`S+WS4Sbnaq V \`S-SZ*WdD �*V
a\\+k*1baq , 3d`Z*W1 w�np a*y1ZbSabxE
wV\Zab`dVb\`m ,\ �W\`S/aV\Y dZS,1`aSO
b1b1 ]\ab`\SWS /Sab*ZgS\ZZ\ d]`*,WqO
1Ydp Y\/1Wn a*Y\W1b*E V\b\`*qE ]\/\+Z\
h*yV1E Y\31b ]*`SbnE Y\WZS1Z\aZ\ ]SVSO
`\,*bn S `14V\ Z*+S`*bn ,ma\bdx56D
�*yVS a\,1`j*pb eS-d`m ,maj1-\ ]SO

W\b*3*E a-S+*q V`mWnq , W\Vb1,mf S ]W1O
h1,mf adab*,*fD � 3d`Z*W1 w�np a*y1ZO
bSabx a\\+k*1baqE hb\ SZ31Z1`mE ,4q,
4* \+`*41g b*V\1 -S+V\1 ab`\1ZS1 V`mW*E
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waZ*+/SWS :>Oa*ZbSY1b`\,dp Y\/1Wn a*O
Y\W1b* Y*W1ZnVSY Y\b\`hSV\YE V\b\`my
d]`*,Wq1b a\1/SZ1ZZmYS Y13/d a\+\y
Y1b*WWSh1aVSYS ab1`3ZqYSE ]`S,\/qkSO
YS V`mWnq , /,S31ZS1xD �*V\1 fSb`\dYZ\1
dab`\yab,\ V`mWn1, ]\4,\Wq1b Y*W1ZnV\O
Yd a*Y\W1bd ]*`Sbn S W*,S`\,*bn Y13/d
,ma\VSYS 4/*ZSqYSD �1V\b\`m1 ,\1ZZm1
f\bqb a\4/*bn b*V\y 31 ,ma\V\Y*Z1,`1ZO
Zmy a*Y\W1b /Wq \+Z*`d31ZSq fSYSh1O
aV\-\ S +S\W\-Sh1aV\-\ \`d3Sq , +\WnjSf
-\`\/*fD

�*]V* h*yVS
˙*31 V\-/* h*yV* ab\Sb Z* Wn/dE \Z* Z1

Y1`4Z1bD �*V 1y d/*1baq a\f`*Zqbn b1]W\H
�bh*abS +W*-\/*`q ]`\bS,\b\hZmY b1]O
W\\+Y1ZZSV*YE V\b\`mYS aZ*+31Zm Z1V\O
b\`m1 3S,\bZm1 , f\W\/Zmf `1-S\Z*fD
�b\ b*V\1 b1]W\\+Y1ZZSVH �`1/ab*,nO

b1 /,1 b`d+VS a ,\/\yE `*a]\W\31ZZm1 `qO
/\YD �\ \/Z\y b`d+V1 b1h1b -\`qh*q ,\/*E
* ]\ /`d-\y f\W\/Z*qD ˚aWS S f\W\/Z*qE S
-\`qh*q ,\/* b1Vdb , \/Z\Y Z*]`*,W1ZSSE
b1]W\ ]1`1/*1baq a*Y\1 +\Wnj11 Z*]\W\O
,SZdD �\ 1aWS 3S/V\abS b1Vdb , ]`\bS,\O
]\W\3Zmf Z*]`*,W1ZSqfE ]1`1/*1baq ]\hO
bS 5>> ]`\g1Zb\, b1]W*D

�\-/* h*yV* ab\Sb Z* Wn/dE b1]W\\+Y1ZO
ZSVS , 11 Z\-*f `*4\-`1,*pb V`\,nE V\b\O
`*q ,\4,`*k*1baq \+`*bZ\ S4 11 f\W\/Zmf
W*]\VD �W*-\/*`q b1]W\\+Y1ZZSV*Y , b1O
W1 ]bSgm b1]W\ a\f`*Zq1baq S Z1 df\/Sb
h1`14 W*]VSD �`bd` �`**aE SZ31Z1`OY1f*O
ZSV S *,S*gS\ZZmy SZ31Z1`E \]Sa*W obd
aSab1Yd V*V w\/SZ S4 a*Ymf oee1VbS,Zmf
`1-1Z1`*bS,Zmf b1]W\\+Y1ZZSV\,x57D �Z*
Z*ab\WnV\ -1ZS*WnZ*E hb\ SZ31Z1`m ,4qO
WS 11 Z* ,\\`d31ZS1D


nq ob\ 4*aWd-*H
� Z*ab\qk11 ,`1Yq �*gS\Z*WnZ\1 d]O

`*,W1ZS1 ]\ *o`\Z*,bSV1 S SaaW1/\,*O
ZSp V\aYSh1aV\-\ ]`\ab`*Zab,* L����M
`*+\b*1b Z*/ a\4/*ZS1Y YZ\-\Z\-\-\ `\O
+\b*E V\b\`my /,S-*1baqE V*V aV\`]S\ZE

Plane:Kristen
Bartlett/University

ofFlorida

�
Fotosearch

�S`VdWS`dqE b1]W\
a\f`*Zq1baq , b1W1

�\W\/ a\f`*Zq1baq
, W*]V*f



* SZ31Z1`m S4 �SZWqZ/SS d31 aV\ZO
ab`dS`\,*WS b`*Vb\` Z* j1abS Z\-*fE V\O
b\`myE ]\/\+Z\ -S-*ZbaV\Yd Z*a1V\Y\YdE
Y\31b ]`1\/\W1,*bn \-`\YZm1 ]`1]qbO
ab,SqD ˙`d-S1 SaaW1/\,*b1WS a\4/*WS Y*O
b1`S*W a YSV`\aV\]Sh1aVSYS VW*]*Z*YSE
V\b\`m1E ]\/\+Z\ h1jdyV*Y Z* a\aZ\,mf
jSjV*fE Y\-db `*aV`m,*bnaq S 4*V`mO
,*bnaqD �*V\y Y*b1`S*W ]\/ab`*S,*1baq
]\/ b1Y]1`*bd`d b1W*D �`\S4,\/Sb1WS *,O
b\Y\+SW1y b`d/qbaq Z*/ a\4/*ZS1Y Y*jSO

ZmE Z*]\YSZ*pk1y ]\ e\`Y1 d/S,Sb1WnO
Z\ \+b1V*1Y\1 b1W\ `m+VSOVd4\,V*D ˙`dO
-S1 a]1gS*WSabm SaaW1/dpb *Y\`bS4S`dO
pkS1 a,\yab,* Y\WWpaV* Y\`aV\1 djV\E
hb\+m ]\WdhSbn +\W11 W1-VSy S , b\ 31
,`1Yq +\W11 ]`\hZmy Y*b1`S*W /Wq +`\O
Z13SW1b\,D

 ]`S`\/m Y\3Z\ ]\4*SYab,\,*bn b*V

YZ\-\ ]\W14Zmf S/1yE hb\ dh1Zm1 /*31 a\O
4/*WS a]1gS*WnZdp +*4d /*ZZmfE , V\O
b\`dp d31 4*Z1a1Z\ Z1aV\WnV\ bmaqh `*4O
WShZmf +S\W\-Sh1aVSf aSab1YD �*V -\O
,\`Sbaq , 3d`Z*W1 w'V\Z\YSabxE ob* +*O

4* /*ZZmf ]\Y\31b SZ31Z1`*Y Z*f\/Sbn
w1ab1ab,1ZZm1E ,4qbm1 , ]`S`\/1 `1j1O
ZSq /Wq a,\Sf /S4*yZ1`aVSf `*4`*+\b\VxD
�S\W\-Sh1aVS1 aSab1YmE ,Z1a1ZZm1 , +*O
4d /*ZZmfE Z*4,*Zm w+S\W\-Sh1aVSYS ]*O
b1Zb*YSxD �+mhZ\ ,W*/1W1g ]*b1Zb* P
ob\ h1W\,1V SWS g1W*q V\Y]*ZSqE V\b\`m1
\eSgS*WnZ\ 4*q,Wqpb \ a,\1y Z\,\y
S/11 SWS S4\+`1b1ZSSD �\b hb\ -\,\`Sbaq
, 3d`Z*W1 w'V\Z\YSabx \bZ\aSb1WnZ\ +*O
4m /*ZZmf +S\W\-Sh1aVSf ]*b1Zb\,B w�*O
4,*, \`S-SZ*WnZm1 `1j1ZSq +S\YSY1bSVS
t+S\W\-Sh1aVSYS ]*b1Zb*YSrE dh1Zm1E ]\
adbSE ]`S4Z*WSE hb\ ]`S`\/* P \+W*/*O
b1Wn ]*b1Zb*x58D
�*VSY 31 \+`*4\Y d ]`S`\/m ]\q,SWSan

,a1 obS -1ZS*WnZm1 S/1SH 
Z\-S1 dh1O
Zm1 ahSb*pbE hb\ ,a1 hd/1a* ]`S`\/m P
`14dWnb*b YSWWS\Z\, W1b o,\WpgS\ZZmf
]`\+ S \jS+\VD �/Z*V\ 1abn a`1/S dh1O
Zmf S b1E Vb\ ]`S/1`3S,*1baq a\,1`j1ZO
Z\ SZmf ,4-Wq/\,D �\b hb\ Z*]Sa*W YSVO
`\+S\W\- 
*yVW �SfS , -*41b1 w�npO•\`V
b*yYax \b ; e1,`*Wq 6>>9 -\/*B w�h1O
,S/Z\1 ]`Sadbab,S1 4*YmaW* �, ]`S`\/1�
]\4,\Wq1b ]`S,1abS ]`\ab\yE Z\ +1a]`\S-O
`mjZmy *`-dY1ZbB 1aWS hb\Ob\ ,m-Wq/SbE
f\/Sb S V`qV*1bE V*V dbV*E b\E ]`S \badbO
ab,SS V*VSfOWS+\ a1`n14Zmf ,\4`*31ZSyE

�\Yd]`SZ*/W13Sb ]*b1Zb
Z* hd/1a* ]`S`\/mH

�\Zab`dVb\`m
*,b\Y\+SW1y ]\/`*3*pb
d/S,Sb1WnZ\ \+b1V*1Y\y
S dab\yhS,\y e\`Y1 b1W*
`m+\VOVd4\,V\,

'f\W\V*gSq d /1WneSZ*
]`1,\af\/Sb a\4/*ZZm1
Wp/nYS of\W\V*b\`m

Boxfish
and

car:M
ercedes-Benz

USA
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,m,\/ Z*]`*jS,*1baq a*Y a\+\y P ob\ S
1abn dbV*xD �b\ 31 S4 ob\-\ aW1/d1bH
w�1Wn4q \b,1`-*bn Z*WShS1 4*YmaW* b\WnO
V\ ]\b\YdE hb\ \Z\ b*V \h1,S/Z\xEP -\,\O
`Sb �SfS59D
	Z31Z1`E a\4/*,jSy +\W11 +14\]*aZ\1

S edZVgS\Z*WnZ\1 V`mW\ a*Y\W1b*E 4*O
aWd3S,*1b ]\f,*Wm 4* a,\1 S4\+`1b1O
ZS1D �\bE Vb\ a\4/*W dZS,1`a*WnZmy ]1O
`1,q4\hZmy Y*b1`S*WE +\W11 ]`*VbShZdp
bV*Zn /Wq ]\jS,* \/13/m SWS +\W11 oV\O
Z\YShZmy *,b\Y\+SWnE /\ab\SZ ]`S4Z*O
ZSq a,\Sf 4*aWd-D �\ ]`\S4,\/Sb1WnE V\b\O
`my Z*`djSW *,b\`aVS1 ]`*,*E b*yZ\ ,\aO
]\Wn4\,*,jSan hd3\y S/11y SWS ]`S]SO
a*, a1+1 hd3\1 S4\+`1b1ZS1E ahSb*1baq
]`1abd]ZSV\Y S Z*`djSb1W1Y 4*V\Z*D
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