
5FC materials and methods QCARGML GLAJSBCQ ? AMKNJCRC ?LB ?AASP?RC BCQAPGNRGML MD RFC QS@QR?LACQ SQCB ?LB RFC KCRFMB

?LB RCAFLGOSCQ SQCB @W RFC PCQC?PAFCPQ RM E?RFCP B?R?� 5FC BCQAPGNRGML QFMSJB @C RFMPMSEF CLMSEF RM ?JJMU ?LMRFCP

PCQC?PAFCP RM PCNC?R RFC CVNCPGKCLR ?LB M@R?GL QGKGJ?P PCQSJRQ @SR GR BMCQ LMR F?TC RM @C TCP@MQC� 5FGQ QCARGML UGJJ ?JQM

GLAJSBC GLDMPK?RGML ML FMU KC?QSPCKCLRQ UCPC K?BC ?LB UF?R RWNCQ MD A?JASJ?RGMLQ ?LB QR?RGQRGA?J ?L?JWQCQ UCPC SQCB RM

CV?KGLC P?U B?R?� "JRFMSEF RFC K?RCPG?JQ ?LB KCRFMBQ QCARGML EGTCQ ?L ?AASP?RC BCQAPGNRGML MD RFC CVNCPGKCLRQ GR BMCQ LMR

BGQASQQ�RFCK�

4MKC HMSPL?JQ PCOSGPC ? PCQSJRQ QCARGML DMJJMUCB @W ? BGQASQQGML QCARGML @SR GR GQ KMPC AMKKML RM AMK@GLC @MRF� *D RFC

HMSPL?J BMCQ LMR ?JJMU RFC AMK@GL?RGML MD @MRF QCARGMLQ RFC results QCARGML QGKNJW L?PP?RCQ RFC DGLBGLEQ UGRFMSR ?LW DSPRFCP

GLRCPNPCR?RGML� 5FC PCQSJRQ ?PC NPCQCLRCB @W KC?LQ MD R?@JCQ MP EP?NFQ @SR LM BSNJGA?RC GLDMPK?RGML QFMSJB @C NPCQCLRCB�

*L RFC discussion QCARGML RFC PCQC?PAFCP UGJJ GLRCPNPCR RFC PCQSJRQ BCQAPG@C FMU T?PG?@JCQ K?W @C PCJ?RCB ?LB ?RRCKNR RM

CVNJ?GL RFC M@QCPT?RGMLQ� *R GQ GLBGQNCLQ?@JC RM AMLBSAR ?L CVRCLQGTC JGRCP?RSPC QC?PAF RM NSR RFC PCQSJRQ GL RFC AMLRCVR MD

NPCTGMSQJW�NS@JGQFCB�QAGCLRGDGA�PCQC?PAF��5FCPCDMPC�NPMNCP�AGR?RGMLQ�?PC�GLAJSBCB�GL�RFGQ�QCARGML�?Q�UCJJ�

'GL?JJW RFC conclusion QCARGML QSKK?PGXCQ RFC GKNMPR?LAC MD RFC CVNCPGKCLR?J DGLBGLEQ� 8FGJC RFC QAGCLRGDGA N?NCP ?JKMQR

ACPR?GLJW ?LQUCPCB MLC MP KMPC QAGCLRGDGA OSCQRGMLQ RF?R UCPC QR?RCB ?LW EMMB PCQC?PAF QFMSJB JC?B RM KMPC OSCQRGMLQ�

5FCPCDMPC ? UCJJ�BMLC QAGCLRGDGA N?NCP JC?TCQ BMMPQ MNCL DMP RFC PCQC?PAFCP ?LB MRFCPQ RM AMLRGLSC ?LB CVN?LB ML RFC

DGLBGLEQ�

Review articles BM LMR DMJJMU RFC *.3"% DMPK?R @CA?SQC RFCW BM LMR NPCQCLR MPGEGL?J QAGCLRGDGA DGLBGLEQ MP NPGK?PW

JGRCP?RSPC� GLQRC?B RFCW QSKK?PGXC ?LB AMKKCLR ML DGLBGLEQ RF?R UCPC NS@JGQFCB ?Q NPGK?PW JGRCP?RSPC ?LB RWNGA?JJW GLAJSBC

CVRCLQGTC�PCDCPCLAC�QCARGMLQ�
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#W�RFC�CLB�MD�RFGQ�QCARGML�WMS�UGJJ�@C�?@JC�RM�

y *BCLRGDW�?LB�BCQAPG@C�RFC�NPMNCPRGCQ�MD�JGDC

y %CQAPG@C�RFC�JCTCJQ�MD�MPE?LGX?RGML�?KMLE�JGTGLE�RFGLEQ

y 3CAMELGXC�?LB�GLRCPNPCR�?�NFWJMECLCRGA�RPCC

y -GQR�CV?KNJCQ�MD�BGDDCPCLR�QS@�BGQAGNJGLCQ�GL�@GMJMEW

#GMJMEW GQ RFC QAGCLAC RF?R QRSBGCQ JGDC @SR UF?R CV?ARJW GQ JGDC 5FGQ K?W QMSLB JGIC ? QGJJW OSCQRGML UGRF ?L M@TGMSQ

PCQNMLQC @SR GR GQ LMR ?JU?WQ C?QW RM BCDGLC JGDC� 'MP CV?KNJC ? @P?LAF MD @GMJMEW A?JJCB TGPMJMEW QRSBGCQ TGPSQCQ UFGAF

CVFG@GR QMKC MD RFC AF?P?ARCPGQRGAQ MD JGTGLE CLRGRGCQ @SR J?AI MRFCPQ� *R RSPLQ MSR RF?R ?JRFMSEF TGPSQCQ A?L ?RR?AI JGTGLE

MPE?LGQKQ A?SQC BGQC?QCQ ?LB CTCL PCNPMBSAC RFCW BM LMR KCCR RFC APGRCPG? RF?R @GMJMEGQRQ SQC RM BCDGLC JGDC� $MLQCOSCLRJW

TGPMJMEGQRQ ?PC LMR @GMJMEGQRQ QRPGARJW QNC?IGLE� 4GKGJ?PJW QMKC @GMJMEGQRQ QRSBW RFC C?PJW KMJCASJ?P CTMJSRGML RF?R E?TC PGQC

RM JGDC� QGLAC RFC CTCLRQ RF?R NPCACBCB JGDC ?PC LMR @GMJMEGA?J CTCLRQ RFCQC QAGCLRGQRQ ?PC ?JQM CVAJSBCB DPMK @GMJMEW GL RFC

QRPGAR�QCLQC�MD�RFC�RCPK�

'PMK GRQ C?PJGCQR @CEGLLGLEQ @GMJMEW F?Q UPCQRJCB UGRF RFPCC OSCQRGMLQ� 8F?R ?PC RFC QF?PCB NPMNCPRGCQ RF?R K?IC QMKCRFGLE

u?JGTCv "LB MLAC UC ILMU QMKCRFGLE GQ ?JGTC FMU BM UC DGLB KC?LGLEDSJ JCTCJQ MD MPE?LGX?RGML GL GRQ QRPSARSPC "LB

DGL?JJW UFCL D?ACB UGRF RFC PCK?PI?@JC BGTCPQGRW MD JGDC FMU BM UC MPE?LGXC RFC BGDDCPCLR IGLBQ MD MPE?LGQKQ QM RF?R UC

A?L @CRRCP SLBCPQR?LB RFCK "Q LCU MPE?LGQKQ ?PC BGQAMTCPCB CTCPW B?W @GMJMEGQRQ AMLRGLSC RM QCCI ?LQUCPQ RM RFCQC ?LB

MRFCP�OSCQRGMLQ�

+GDE:GI>:H�D;�'>;:

"JJ JGTGLE MPE?LGQKQ QF?PC QCTCP?J ICW AF?P?ARCPGQRGAQ MP DSLARGMLQ� MPBCP QCLQGRGTGRW MP PCQNMLQC RM RFC CLTGPMLKCLR

PCNPMBSARGML ?B?NR?RGML EPMURF ?LB BCTCJMNKCLR PCESJ?RGML FMKCMQR?QGQ CLCPEW NPMACQQGLE ?LB CTMJSRGML� 8FCL

TGCUCB�RMECRFCP�RFCQC�LGLC�AF?P?ARCPGQRGAQ�QCPTC�RM�BCDGLC�JGDC�
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!><JG: ��� ! PK=@ NALNAOAJPO = DECDHU KNC=JEVA@ OPNQ?PQNA ?KJOEOPEJC KB ?AHHO PEOOQAO KNC=JO =J@ KNC=J OUOPAIO�

	?NA@EP��w)RAJCKx�7EGEIA@E=�#KIIKJO


0PE?LGQKQ ?PC FGEFJW MPE?LGXCB AMMPBGL?RCB QRPSARSPCQ RF?R AMLQGQR MD MLC MP KMPC ACJJQ� &TCL TCPW QGKNJC QGLEJC�ACJJCB

MPE?LGQKQ ?PC PCK?PI?@JW AMKNJCV� GLQGBC C?AF ACJJ ?RMKQ K?IC SN KMJCASJCQ� RFCQC GL RSPL K?IC SN ACJJ MPE?LCJJCQ ?LB

MRFCP ACJJSJ?P GLAJSQGMLQ� *L KSJRGACJJSJ?P MPE?LGQKQ 	Figure 1.10
 QGKGJ?P ACJJQ DMPK RGQQSCQ� 5GQQSCQ GL RSPL AMJJ?@MP?RC RM

APC?RC�MPE?LQ�	@MBW�QRPSARSPCQ�UGRF�?�BGQRGLAR�DSLARGML
��0PE?LQ�UMPI�RMECRFCP�RM�DMPK�MPE?L�QWQRCKQ�

!+38/9/;/9>�47� +85438+�94�!9/2:1/

!><JG: ���� 4DA HA=RAO KB PDEO OAJOEPERA LH=JP 	�046:( 7<+0*(
 SEHH EJOP=JPHU @NKKL =J@ BKH@ SDAJ PKQ?DA@� !BPAN = BAS

IEJQPAO�PDA�LH=JP�NAPQNJO�PK�JKNI=H��	?NA@EP��!HAT�,KI=O


0PE?LGQKQ PCQNMLB RM BGTCPQC QRGKSJG� 'MP CV?KNJC NJ?LRQ A?L @CLB RMU?PB ? QMSPAC MD JGEFR AJGK@ ML DCLACQ ?LB U?JJQ MP

PCQNMLB RM RMSAF 	Figure 1.11
� &TCL RGLW @?ARCPG? A?L KMTC RMU?PB MP ?U?W DPMK AFCKGA?JQ 	? NPMACQQ A?JJCB +0-57<)@1;


MP JGEFR 	807<7<)@1;
� .MTCKCLR RMU?PB ? QRGKSJSQ GQ AMLQGBCPCB ? NMQGRGTC PCQNMLQC UFGJC KMTCKCLR ?U?W DPMK ? QRGKSJSQ

GQ�AMLQGBCPCB�?�LCE?RGTC�PCQNMLQC�

8?RAF this video (http://openstaxcollege.org/l/movement_plants) RM QCC FMU NJ?LRQ PCQNMLB RM ? QRGKSJSQrDPMK

MNCLGLE�RM�JGEFR�RM�UP?NNGLE�?�RCLBPGJ�?PMSLB�?�@P?LAF�RM�A?NRSPGLE�NPCW�
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4GLEJC�ACJJCB MPE?LGQKQ PCNPMBSAC @W DGPQR BSNJGA?RGLE RFCGP %/" ?LB RFCL BGTGBGLE GR COS?JJW ?Q RFC ACJJ NPCN?PCQ RM BGTGBC

RM DMPK RUM LCU ACJJQ� .SJRGACJJSJ?P MPE?LGQKQ MDRCL NPMBSAC QNCAG?JGXCB PCNPMBSARGTC ECPKJGLC ACJJQ RF?R UGJJ DMPK LCU

GLBGTGBS?JQ� 8FCL PCNPMBSARGML MAASPQ ECLCQ AMLR?GLGLE %/" ?PC N?QQCB ?JMLE RM ?L MPE?LGQKtQ MDDQNPGLE� 5FCQC ECLCQ

CLQSPC�RF?R�RFC�MDDQNPGLE�UGJJ�@CJMLE�RM�RFC�Q?KC�QNCAGCQ�?LB�UGJJ�F?TC�QGKGJ?P�AF?P?ARCPGQRGAQ�QSAF�?Q�QGXC�?LB�QF?NC�

�74<9.�'3*��+;+1452+39

0PE?LGQKQ EPMU ?LB BCTCJMN DMJJMUGLE QNCAGDGA GLQRPSARGMLQ AMBCB DMP @W RFCGP ECLCQ� 5FCQC ECLCQ NPMTGBC GLQRPSARGMLQ RF?R

UGJJ BGPCAR ACJJSJ?P EPMURF ?LB BCTCJMNKCLR CLQSPGLE RF?R ? QNCAGCQt WMSLE 	Figure 1.12
 UGJJ EPMU SN RM CVFG@GR K?LW MD

RFC�Q?KC�AF?P?ARCPGQRGAQ�?Q�GRQ�N?PCLRQ�

!><JG: ���� !HPDKQCD JK PSK HKKG =HEGA PDAOA GEPPAJO D=RA EJDANEPA@ CAJAO BNKI >KPD L=NAJPO =J@ OD=NA I=JU KB PDA
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&TCL RFC QK?JJCQR MPE?LGQKQ ?PC AMKNJCV ?LB PCOSGPC KSJRGNJC PCESJ?RMPW KCAF?LGQKQ RM AMMPBGL?RC GLRCPL?J DSLARGMLQ

PCQNMLB RM QRGKSJG ?LB AMNC UGRF CLTGPMLKCLR?J QRPCQQCQ� 5UM CV?KNJCQ MD GLRCPL?J DSLARGMLQ PCESJ?RCB GL ?L MPE?LGQK ?PC

LSRPGCLR RP?LQNMPR ?LB @JMMB DJMU� 0PE?LQ 	EPMSNQ MD RGQQSCQ UMPIGLE RMECRFCP
 NCPDMPK QNCAGDGA DSLARGMLQ QSAF ?Q A?PPWGLE

MVWECL�RFPMSEFMSR�RFC�@MBW�PCKMTGLE�U?QRCQ�BCJGTCPGLE�LSRPGCLRQ�RM�CTCPW�ACJJ�?LB�AMMJGLE�RFC�@MBW�

�42+489'8/8

!><JG: ���� 0KH=N >A=NO 	"9:<: 4(90;04<:
 =J@ KPDAN I=II=HO HEREJC EJ E?A�?KRANA@ NACEKJO I=EJP=EJ PDAEN >K@U

PAILAN=PQNA >U CAJAN=PEJC DA=P =J@ NA@Q?EJC DA=P HKOO PDNKQCD PDE?G BQN =J@ = @AJOA H=UAN KB B=P QJ@AN PDAEN OGEJ�

	?NA@EP��wHKJCDKNJ@=RAx�&HE?GN


*L MPBCP RM DSLARGML NPMNCPJW ACJJQ LCCB RM F?TC ?NNPMNPG?RC AMLBGRGMLQ QSAF ?Q NPMNCP RCKNCP?RSPC N) ?LB ?NNPMNPG?RC

AMLACLRP?RGML MD BGTCPQC AFCKGA?JQ� 5FCQC AMLBGRGMLQ K?W FMUCTCP AF?LEC DPMK MLC KMKCLR RM RFC LCVR� 0PE?LGQKQ

?PC ?@JC RM K?GLR?GL GLRCPL?J AMLBGRGMLQ UGRFGL ? L?PPMU P?LEC ?JKMQR AMLQR?LRJW BCQNGRC CLTGPMLKCLR?J AF?LECQ RFPMSEF

homeostasis 	JGRCP?JJW uQRC?BW QR?RCv
rRFC ?@GJGRW MD ?L MPE?LGQK RM K?GLR?GL AMLQR?LR GLRCPL?J AMLBGRGMLQ� 'MP CV?KNJC

?L MPE?LGQK LCCBQ RM PCESJ?RC @MBW RCKNCP?RSPC RFPMSEF ? NPMACQQ ILMUL ?Q RFCPKMPCESJ?RGML� 0PE?LGQKQ RF?R JGTC GL AMJB

AJGK?RCQ QSAF ?Q RFC NMJ?P @C?P 	Figure 1.13
 F?TC @MBW QRPSARSPCQ RF?R FCJN RFCK UGRFQR?LB JMU RCKNCP?RSPCQ ?LB AMLQCPTC
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@MBW FC?R� 4RPSARSPCQ RF?R ?GB GL RFGQ RWNC MD GLQSJ?RGML GLAJSBC DSP DC?RFCPQ @JS@@CP ?LB D?R� *L FMR AJGK?RCQ MPE?LGQKQ

F?TC�KCRFMBQ�	QSAF�?Q�NCPQNGP?RGML�GL�FSK?LQ�MP�N?LRGLE�GL�BMEQ
�RF?R�FCJN�RFCK�RM�QFCB�CVACQQ�@MBW�FC?R�

�3+7->��74)+88/3-

!><JG: ���� 4DA #=HEBKNJE= ?KJ@KN 	�@456.@7: *(30-6950(5<:
 QOAO ?DAIE?=H AJANCU @ANERA@ BNKI BKK@ PK LKSAN BHECDP�

#=HEBKNJE= ?KJ@KNO =NA =J AJ@=JCANA@ OLA?EAO� PDEO >EN@ D=O = SEJC P=C PD=P DAHLO >EKHKCEOPO E@AJPEBU PDA EJ@ERE@Q=H�

	?NA@EP��0=?EBE?�3KQPDSAOP�2ACEKJ�5�3��&EOD�=J@�7EH@HEBA�3ANRE?A


"JJ MPE?LGQKQ SQC ? QMSPAC MD CLCPEW DMP RFCGP KCR?@MJGA ?ARGTGRGCQ� 4MKC MPE?LGQKQ A?NRSPC CLCPEW DPMK RFC QSL ?LB AMLTCPR

GR�GLRM�AFCKGA?J�CLCPEW�GL�DMMB��MRFCPQ�SQC�AFCKGA?J�CLCPEW�GL�KMJCASJCQ�RFCW�R?IC�GL�?Q�DMMB�	Figure 1.14
�

':K:AH�D;�*G<6C>O6I>DC�D;�'>K>C<�/=>C<H

-GTGLE RFGLEQ ?PC FGEFJW MPE?LGXCB ?LB QRPSARSPCB DMJJMUGLE ? FGCP?PAFW RF?R A?L @C CV?KGLCB ML ? QA?JC DPMK QK?JJ RM

J?PEC� 5FC atom GQ RFC QK?JJCQR ?LB KMQR DSLB?KCLR?J SLGR MD K?RRCP� *R AMLQGQRQ MD ? LSAJCSQ QSPPMSLBCB @W CJCARPMLQ� "RMKQ

DMPK KMJCASJCQ� " molecule GQ ? AFCKGA?J QRPSARSPC AMLQGQRGLE MD ?R JC?QR RUM ?RMKQ FCJB RMECRFCP @W MLC MP KMPC AFCKGA?J

@MLBQ� .?LW KMJCASJCQ RF?R ?PC @GMJMEGA?JJW GKNMPR?LR ?PC macromolecules J?PEC KMJCASJCQ RF?R ?PC RWNGA?JJW DMPKCB @W

NMJWKCPGX?RGML 	? NMJWKCP GQ ? J?PEC KMJCASJC RF?R GQ K?BC @W AMK@GLGLE QK?JJCP SLGRQ A?JJCB KMLMKCPQ UFGAF ?PC QGKNJCP

RF?L K?APMKMJCASJCQ
� "L CV?KNJC MD ? K?APMKMJCASJC GQ BCMVWPG@MLSAJCGA ?AGB 	%/"
 	Figure 1.15
 UFGAF AMLR?GLQ RFC

GLQRPSARGMLQ�DMP�RFC�QRPSARSPC�?LB�DSLARGMLGLE�MD�?JJ�JGTGLE�MPE?LGQKQ�

�� #D=LPAN���W�4DA�3PQ@U�KB�,EBA
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!><JG: ���� !HH IKHA?QHAO EJ?HQ@EJC PDEO $.! IKHA?QHA =NA ?KILKOA@ KB =PKIO� 	?NA@EP� w>NE=J����x�7EGEIA@E=

#KIIKJO


8?RAF this video (http://openstaxcollege.org/l/rotating_DNA) RF?R ?LGK?RCQ RFC RFPCC�BGKCLQGML?J QRPSARSPC MD RFC

%/"�KMJCASJC�QFMUL�GL Figure 1.15�

4MKC ACJJQ AMLR?GL ?EEPCE?RCQ MD K?APMKMJCASJCQ QSPPMSLBCB @W KCK@P?LCQ� RFCQC ?PC A?JJCB organelles� 0PE?LCJJCQ ?PC

QK?JJ QRPSARSPCQ RF?R CVGQR UGRFGL ACJJQ� &V?KNJCQ MD MPE?LCJJCQ GLAJSBC KGRMAFMLBPG? ?LB AFJMPMNJ?QRQ UFGAF A?PPW MSR

GLBGQNCLQ?@JC DSLARGMLQ� KGRMAFMLBPG? NPMBSAC CLCPEW RM NMUCP RFC ACJJ UFGJC AFJMPMNJ?QRQ CL?@JC EPCCL NJ?LRQ RM SRGJGXC

RFC CLCPEW GL QSLJGEFR RM K?IC QSE?PQ� "JJ JGTGLE RFGLEQ ?PC K?BC MD ACJJQ� RFC cell GRQCJD GQ RFC QK?JJCQR DSLB?KCLR?J SLGR MD

QRPSARSPC ?LB DSLARGML GL JGTGLE MPE?LGQKQ� 	5FGQ PCOSGPCKCLR GQ UFW TGPSQCQ ?PC LMR AMLQGBCPCB JGTGLE� RFCW ?PC LMR K?BC MD

ACJJQ� 5M K?IC LCU TGPSQCQ RFCW F?TC RM GLT?BC ?LB FGH?AI RFC PCNPMBSARGTC KCAF?LGQK MD ? JGTGLE ACJJ� MLJW RFCL A?L RFCW

M@R?GL RFC K?RCPG?JQ RFCW LCCB RM PCNPMBSAC�
 4MKC MPE?LGQKQ AMLQGQR MD ? QGLEJC ACJJ ?LB MRFCPQ ?PC KSJRGACJJSJ?P� $CJJQ ?PC

AJ?QQGDGCB ?Q NPMI?PWMRGA MP CSI?PWMRGA� Prokaryotes ?PC QGLEJC�ACJJCB MP AMJMLG?J MPE?LGQKQ RF?R BM LMR F?TC KCK@P?LC�

@MSLB�LSAJCG��GL�AMLRP?QR�RFC�ACJJQ�MD eukaryotes BM�F?TC�KCK@P?LC�@MSLB�MPE?LCJJCQ�?LB�?�KCK@P?LC�@MSLB�LSAJCSQ�

*L J?PECP MPE?LGQKQ ACJJQ AMK@GLC RM K?IC tissues UFGAF ?PC EPMSNQ MD QGKGJ?P ACJJQ A?PPWGLE MSR QGKGJ?P MP PCJ?RCB

DSLARGMLQ� Organs ?PC AMJJCARGMLQ MD RGQQSCQ EPMSNCB RMECRFCP NCPDMPKGLE ? AMKKML DSLARGML� 0PE?LQ ?PC NPCQCLR LMR MLJW

#D=LPAN���W�4DA�3PQ@U�KB�,EBA ��



GL ?LGK?JQ @SR ?JQM GL NJ?LRQ� "L organ system GQ ? FGEFCP JCTCJ MD MPE?LGX?RGML RF?R AMLQGQRQ MD DSLARGML?JJW PCJ?RCB MPE?LQ�

.?KK?JQ F?TC K?LW MPE?L QWQRCKQ� 'MP GLQR?LAC RFC AGPASJ?RMPW QWQRCK RP?LQNMPRQ @JMMB RFPMSEF RFC @MBW ?LB RM ?LB DPMK

RFC JSLEQ� GR GLAJSBCQ MPE?LQ QSAF ?Q RFC FC?PR ?LB @JMMB TCQQCJQ� Organisms ?PC GLBGTGBS?J JGTGLE CLRGRGCQ� 'MP CV?KNJC

C?AF RPCC GL ? DMPCQR GQ ?L MPE?LGQK� 4GLEJC�ACJJCB NPMI?PWMRCQ ?LB QGLEJC�ACJJCB CSI?PWMRCQ ?PC ?JQM AMLQGBCPCB MPE?LGQKQ

?LB�?PC�RWNGA?JJW�PCDCPPCB�RM�?Q�KGAPMMPE?LGQKQ�

"JJ RFC GLBGTGBS?JQ MD ? QNCAGCQ JGTGLE UGRFGL ? QNCAGDGA ?PC? ?PC AMJJCARGTCJW A?JJCB ? population� 'MP CV?KNJC ? DMPCQR K?W

GLAJSBC K?LW NGLC RPCCQ� "JJ MD RFCQC NGLC RPCCQ PCNPCQCLR RFC NMNSJ?RGML MD NGLC RPCCQ GL RFGQ DMPCQR� %GDDCPCLR NMNSJ?RGMLQ

K?W JGTC GL RFC Q?KC QNCAGDGA ?PC?� 'MP CV?KNJC RFC DMPCQR UGRF RFC NGLC RPCCQ GLAJSBCQ NMNSJ?RGMLQ MD DJMUCPGLE NJ?LRQ

?LB ?JQM GLQCARQ ?LB KGAPM@G?J NMNSJ?RGMLQ� " community GQ RFC QSK MD NMNSJ?RGMLQ GLF?@GRGLE ? N?PRGASJ?P ?PC?� 'MP

GLQR?LAC ?JJ MD RFC RPCCQ DJMUCPQ GLQCARQ ?LB MRFCP NMNSJ?RGMLQ GL ? DMPCQR DMPK RFC DMPCQRtQ AMKKSLGRW� 5FC DMPCQR GRQCJD

GQ ?L CAMQWQRCK� "L ecosystem AMLQGQRQ MD ?JJ RFC JGTGLE RFGLEQ GL ? N?PRGASJ?P ?PC? RMECRFCP UGRF RFC ?@GMRGA LML�JGTGLE

N?PRQ MD RF?R CLTGPMLKCLR QSAF ?Q LGRPMECL GL RFC QMGJ MP P?GL U?RCP� "R RFC FGEFCQR JCTCJ MD MPE?LGX?RGML 	Figure 1.16
 RFC

biosphere GQ RFC AMJJCARGML MD ?JJ CAMQWQRCKQ ?LB GR PCNPCQCLRQ RFC XMLCQ MD JGDC ML C?PRF� *R GLAJSBCQ J?LB U?RCP ?LB CTCL

RFC�?RKMQNFCPC�RM�?�ACPR?GL�CVRCLR�
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?NA@EP wPEOOQAOx� IK@EBE?=PEKJ KB SKNG >U +EH>=@� &=I= #H=IKO=� -EG=AH (`CCOPNgI� ?NA@EP wKNC=JOx� IK@EBE?=PEKJ

KB SKNG >U -=NE=J= 2QEV 6EHH=NA=H� ?NA@EP wKNC=JEOIOx� IK@EBE?=PEKJ KB SKNG >U �#NUOP=H��&HE?GN� ?NA@EP wA?KOUOPAIOx�

IK@EBE?=PEKJ KB SKNG >U 53 &EOD =J@ 7EH@HEBA 3ANRE?A (A=@MQ=NPANO� ?NA@EP w>EKOLDANAx� IK@EBE?=PEKJ KB SKNG >U
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=� 4EOOQAO�ATEOP�SEPDEJ�KNC=JO�SDE?D�ATEOP�SEPDEJ�KNC=J�OUOPAIO�

>� #KIIQJEPEAO�ATEOP�SEPDEJ�LKLQH=PEKJO�SDE?D�ATEOP�SEPDEJ�A?KOUOPAIO�

?� /NC=JAHHAO�ATEOP�SEPDEJ�?AHHO�SDE?D�ATEOP�SEPDEJ�PEOOQAO�

@� #KIIQJEPEAO�ATEOP�SEPDEJ�A?KOUOPAIO�SDE?D�ATEOP�EJ�PDA�>EKOLDANA�

/=:��>K:GH>IN�D;�'>;:

5FC D?AR RF?R @GMJMEW ?Q ? QAGCLAC F?Q QSAF ? @PM?B QAMNC F?Q RM BM UGRF RFC RPCKCLBMSQ BGTCPQGRW MD JGDC ML C?PRF� 5FC

QMSPAC MD RFGQ BGTCPQGRW GQ evolution RFC NPMACQQ MD EP?BS?J AF?LEC BSPGLE UFGAF LCU QNCAGCQ ?PGQC DPMK MJBCP QNCAGCQ�

&TMJSRGML?PW�@GMJMEGQRQ�QRSBW�RFC�CTMJSRGML�MD�JGTGLE�RFGLEQ�GL�CTCPWRFGLE�DPMK�RFC�KGAPMQAMNGA�UMPJB�RM�CAMQWQRCKQ�

5FC CTMJSRGML MD T?PGMSQ JGDC DMPKQ ML &?PRF A?L @C QSKK?PGXCB GL ? NFWJMECLCRGA RPCC 	Figure 1.17
� " phylogenetic tree GQ

? BG?EP?K QFMUGLE RFC CTMJSRGML?PW PCJ?RGMLQFGNQ ?KMLE @GMJMEGA?J QNCAGCQ @?QCB ML QGKGJ?PGRGCQ ?LB BGDDCPCLACQ GL ECLCRGA

MP NFWQGA?J RP?GRQ MP @MRF� " NFWJMECLCRGA RPCC GQ AMKNMQCB MD LMBCQ ?LB @P?LAFCQ� 5FC GLRCPL?J LMBCQ PCNPCQCLR ?LACQRMPQ

?LB ?PC NMGLRQ GL CTMJSRGML UFCL @?QCB ML QAGCLRGDGA CTGBCLAC ?L ?LACQRMP GQ RFMSEFR RM F?TC BGTCPECB RM DMPK RUM LCU

QNCAGCQ��5FC�JCLERF�MD�C?AF�@P?LAF�GQ�NPMNMPRGML?J�RM�RFC�RGKC�CJ?NQCB�QGLAC�RFC�QNJGR�

!><JG: ���� 4DEO LDUHKCAJAPE? PNAA S=O ?KJOPNQ?PA@ >U IE?NK>EKHKCEOP #=NH 7KAOA QOEJC @=P= K>P=EJA@ BNKI

OAMQAJ?EJC NE>KOKI=H 2.! CAJAO� 4DA PNAA ODKSO PDA OAL=N=PEKJ KB HEREJC KNC=JEOIO EJPK PDNAA @KI=EJO� "=?PANE=

!N?D=A= =J@ %QG=NU=� "=?PANE= =J@ !N?D=A= =NA LNKG=NUKPAO OEJCHA�?AHHA@ KNC=JEOIO H=?GEJC EJPN=?AHHQH=N KNC=JAHHAO�

	?NA@EP��%NE?�'=>=��.!3!�!OPNK>EKHKCU�)JOPEPQPA
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)J PDA L=OP >EKHKCEOPO CNKQLA@ HEREJC KNC=JEOIO EJPK BERA GEJC@KIO� =JEI=HO LH=JPO BQJCE LNKPEOPO =J@

>=?PANE=� 4DA KNC=JEV=PEKJ=H O?DAIA S=O >=OA@ I=EJHU KJ LDUOE?=H BA=PQNAO =O KLLKOA@ PK LDUOEKHKCU

>EK?DAIEOPNU KN IKHA?QH=N >EKHKCU =HH KB SDE?D =NA QOA@ >U IK@ANJ OUOPAI=PE?O� 4DA LEKJAANEJC SKNG KB

!IANE?=J IE?NK>EKHKCEOP #=NH 7KAOA EJ PDA A=NHU ����O D=O ODKSJ DKSARAN PD=P HEBA KJ %=NPD D=O ARKHRA@

=HKJC PDNAA HEJA=CAO JKS ?=HHA@ @KI=EJOt"=?PANE= !N?D=A= =J@ %QG=NU=� 4DA BENOP PSK =NA LNKG=NUKPE?

?AHHO SEPD IE?NK>AO PD=P H=?G IAI>N=JA�AJ?HKOA@ JQ?HAE =J@ KNC=JAHHAO� 4DA PDEN@ @KI=EJ ?KJP=EJO PDA

AQG=NUKPAO =J@ EJ?HQ@AO QJE?AHHQH=N IE?NKKNC=JEOIO PKCAPDAN SEPD PDA BKQN KNECEJ=H GEJC@KIO 	AT?HQ@EJC

>=?PANE=
� 7KAOA @ABEJA@ !N?D=A= =O = JAS @KI=EJ =J@ PDEO NAOQHPA@ EJ = JAS P=TKJKIE? PNAA 	!><JG:

����
� -=JU KNC=JEOIO >AHKJCEJC PK PDA !N?D=A= @KI=EJ HERA QJ@AN ATPNAIA ?KJ@EPEKJO =J@ =NA ?=HHA@

ATPNAIKLDEHAO� 4K ?KJOPNQ?P DEO PNAA 7KAOA QOA@ CAJAPE? NAH=PEKJODELO N=PDAN PD=J OEIEH=NEPEAO >=OA@ KJ

IKNLDKHKCU�	OD=LA
�

7KAOAvO PNAA S=O ?KJOPNQ?PA@ BNKI ?KIL=N=PERA OAMQAJ?EJC KB PDA CAJAO PD=P =NA QJERANO=HHU @EOPNE>QPA@

LNAOAJP EJ ARANU KNC=JEOI =J@ ?KJOANRA@ 	IA=JEJC PD=P PDAOA CAJAO D=RA NAI=EJA@ AOOAJPE=HHU QJ?D=JCA@

PDNKQCDKQP ARKHQPEKJ
� 7KAOAvO =LLNK=?D S=O NARKHQPEKJ=NU >A?=QOA ?KIL=NEOKJO KB LDUOE?=H BA=PQNAO =NA

EJOQBBE?EAJP PK @EBBANAJPE=PA >APSAAJ PDA LNKG=NUKPAO PD=P =LLA=N B=ENHU OEIEH=N EJ OLEPA KB PDAEN PNAIAJ@KQO

>EK?DAIE?=H @ERANOEPU =J@ CAJAPE? R=NE=>EHEPU 	!><JG: ����
� 4DA ?KIL=NEOKJ KB DKIKHKCKQO $.! =J@ 2.!

OAMQAJ?AO LNKRE@A@ 7KAOA SEPD = OAJOEPERA @ARE?A PD=P NARA=HA@ PDA ATPAJOERA R=NE=>EHEPU KB LNKG=NUKPAO

=J@�SDE?D�FQOPEBEA@�PDA�OAL=N=PEKJ�KB�PDA�LNKG=NUKPAO�EJPK�PSK�@KI=EJO��>=?PANE=�=J@�=N?D=A=�

!><JG: ���� 4DAOA EI=CAO NALNAOAJP @EBBANAJP @KI=EJO� 4DA 	=
 >=?PANE= EJ PDEO IE?NKCN=LD >AHKJC PK $KI=EJ

"=?PANE= SDEHA PDA 	>
 ATPNAIKLDEHAO 	JKP REOE>HA
 HEREJC EJ PDEO DKP RAJP >AHKJC PK $KI=EJ !N?D=A=� "KPD PDA

	?
 OQJBHKSAN =J@ 	@
 HEKJ =NA L=NP KB $KI=EJ %QG=NU=� 	?NA@EP =� IK@EBE?=PEKJ KB SKNG >U $NAS -=N?D� ?NA@EP >�

IK@EBE?=PEKJ KB SKNG >U 3PARA *QNRAPOKJ� ?NA@EP ?� IK@EBE?=PEKJ KB SKNG >U -E?D=AH !NNECDE� ?NA@EP @� IK@EBE?=PEKJ KB

SKNG�>U�,AOVAG�,AOV?UJOGE
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5FC QAMNC MD @GMJMEW GQ @PM?B ?LB RFCPCDMPC AMLR?GLQ K?LW @P?LAFCQ ?LB QS@BGQAGNJGLCQ� #GMJMEGQRQ K?W NSPQSC MLC MD

RFMQC QS@BGQAGNJGLCQ ?LB UMPI GL ? KMPC DMASQCB DGCJB� 'MP GLQR?LAC molecular biology ?LB biochemistry QRSBW @GMJMEGA?J

NPMACQQCQ ?R RFC KMJCASJ?P ?LB AFCKGA?J JCTCJ GLAJSBGLE GLRCP?ARGMLQ ?KMLE KMJCASJCQ QSAF ?Q %/" 3/" ?LB NPMRCGLQ

?Q UCJJ ?Q RFC U?W RFCW ?PC PCESJ?RCB� Microbiology RFC QRSBW MD KGAPMMPE?LGQKQ GQ RFC QRSBW MD RFC QRPSARSPC ?LB DSLARGML

MD QGLEJC�ACJJCB MPE?LGQKQ� *R GQ OSGRC ? @PM?B @P?LAF GRQCJD ?LB BCNCLBGLE ML RFC QS@HCAR MD QRSBW RFCPC ?PC ?JQM KGAPM@G?J

NFWQGMJMEGQRQ�CAMJMEGQRQ�?LB�ECLCRGAGQRQ�?KMLE�MRFCPQ�

!DG:CH>8�.8>:CI>HI

&KNAJOE? O?EAJ?A EO PDA =LLHE?=PEKJ KB O?EAJ?A PK =JOSAN MQAOPEKJO NAH=PA@ PK PDA H=S� "EKHKCEOPO =O SAHH

=O ?DAIEOPO =J@ >EK?DAIEOPO ?=J >A BKNAJOE? O?EAJPEOPO� &KNAJOE? O?EAJPEOPO LNKRE@A O?EAJPEBE? ARE@AJ?A BKN

QOA EJ ?KQNPO =J@ PDAEN FK> EJRKHRAO AT=IEJEJC PN=?A I=PANE=HO =OOK?E=PA@ SEPD ?NEIAO� )JPANAOP EJ BKNAJOE?

O?EAJ?A D=O EJ?NA=OA@ EJ PDA H=OP BAS UA=NO LKOOE>HU >A?=QOA KB LKLQH=N PAHAREOEKJ ODKSO PD=P BA=PQNA

BKNAJOE? O?EAJPEOPO KJ PDA FK>� !HOK PDA @ARAHKLIAJP KB IKHA?QH=N PA?DJEMQAO =J@ PDA AOP=>HEODIAJP KB $.!

@=P=>=OAO D=RA ATL=J@A@ PDA PULAO KB SKNG PD=P BKNAJOE? O?EAJPEOPO ?=J @K� 4DAEN FK> =?PEREPEAO =NA LNEI=NEHU

NAH=PA@ PK ?NEIAO =C=EJOP LAKLHA OQ?D =O IQN@AN N=LA =J@ =OO=QHP� 4DAEN SKNG EJRKHRAO =J=HUVEJC O=ILHAO

OQ?D =O D=EN >HKK@ =J@ KPDAN >K@U BHQE@O =J@ =HOK LNK?AOOEJC $.! 	!><JG: ����
 BKQJ@ EJ I=JU @EBBANAJP

AJRENKJIAJPO =J@ I=PANE=HO� &KNAJOE? O?EAJPEOPO =HOK =J=HUVA KPDAN >EKHKCE?=H ARE@AJ?A HABP =P ?NEIA O?AJAO

OQ?D =O EJOA?P H=NR=A KN LKHHAJ CN=EJO� 3PQ@AJPO SDK S=JP PK LQNOQA ?=NAANO EJ BKNAJOE? O?EAJ?A SEHH IKOP

HEGAHU�>A�NAMQENA@�PK�P=GA�?DAIEOPNU�=J@�>EKHKCU�?KQNOAO�=O�SAHH�=O�OKIA�EJPAJOERA�I=PD�?KQNOAO�

!><JG: ���� 4DEO BKNAJOE? O?EAJPEOP SKNGO EJ = $.! ATPN=?PEKJ NKKI =P PDA 5�3� !NIU #NEIEJ=H )JRAOPEC=PEKJ

,=>KN=PKNU�=P�&KNP�'EHHAI�'!��	?NA@EP��5JEPA@�3P=PAO�!NIU�#)$�#KII=J@�0Q>HE?�!BB=ENO


"LMRFCP DGCJB MD @GMJMEGA?J QRSBW neurobiology QRSBGCQ RFC @GMJMEW MD RFC LCPTMSQ QWQRCK ?LB ?JRFMSEF GR GQ AMLQGBCPCB

? @P?LAF MD @GMJMEW GR GQ ?JQM PCAMELGXCB ?Q ?L GLRCPBGQAGNJGL?PW DGCJB MD QRSBW ILMUL ?Q LCSPMQAGCLAC� #CA?SQC MD GRQ

GLRCPBGQAGNJGL?PW L?RSPC RFGQ QS@BGQAGNJGLC QRSBGCQ BGDDCPCLR DSLARGMLQ MD RFC LCPTMSQ QWQRCK SQGLE KMJCASJ?P ACJJSJ?P

BCTCJMNKCLR?J�KCBGA?J�?LB�AMKNSR?RGML?J�?NNPM?AFCQ�
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Paleontology ?LMRFCP @P?LAF MD @GMJMEW SQCQ DMQQGJQ RM QRSBW JGDCtQ FGQRMPW 	Figure 1.20
� Zoology ?LB botany ?PC RFC

QRSBW MD ?LGK?JQ ?LB NJ?LRQ PCQNCARGTCJW� #GMJMEGQRQ A?L ?JQM QNCAG?JGXC ?Q @GMRCAFLMJMEGQRQ CAMJMEGQRQ MP NFWQGMJMEGQRQ RM

L?KC�HSQR�?�DCU�?PC?Q��5FGQ�GQ�HSQR�?�QK?JJ�Q?KNJC�MD�RFC�K?LW�DGCJBQ�RF?R�@GMJMEGQRQ�A?L�NSPQSC�

#GMJMEW GQ RFC ASJKGL?RGML MD RFC ?AFGCTCKCLRQ MD RFC L?RSP?J QAGCLACQ DPMK RFCGP GLACNRGML RM RMB?W� &VAGRGLEJW GR GQ RFC

AP?BJC MD CKCPEGLE QAGCLACQ QSAF ?Q RFC @GMJMEW MD @P?GL ?ARGTGRW ECLCRGA CLEGLCCPGLE MD ASQRMK MPE?LGQKQ ?LB RFC @GMJMEW

MD CTMJSRGML RF?R SQCQ RFC J?@MP?RMPW RMMJQ MD KMJCASJ?P @GMJMEW RM PCRP?AC RFC C?PJGCQR QR?ECQ MD JGDC ML C?PRF� " QA?L MD

LCUQ FC?BJGLCQrUFCRFCP PCNMPRGLE ML GKKSLGX?RGMLQ ? LCUJW BGQAMTCPCB QNCAGCQ QNMPRQ BMNGLE MP ? ECLCRGA?JJW�KMBGDGCB

DMMBrBCKMLQRP?RCQ�RFC�U?W�@GMJMEW�GQ�?ARGTC�GL�?LB�GKNMPR?LR�RM�MSP�CTCPWB?W�UMPJB�
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MNCLGLE�QCARGML�MD�?�QAGCLRGDGA�N?NCP�RF?R�QSKK?PGXCQ�RFC�PCQC?PAF�?LB�AMLAJSQGMLQ

DMPK�MD�QAGCLAC�RF?R�?GKQ�RM�QMJTC�PC?J�UMPJB�NPM@JCKQ

QK?JJCQR�?LB�KMQR�DSLB?KCLR?J�SLGR�MD�K?RRCP

QAGCLAC RF?R QCCIQ RM CVN?LB ILMUJCBEC ?LB SLBCPQR?LBGLE PCE?PBJCQQ MD RFC QFMPR�RCPK ?NNJGA?RGML MD RF?R

ILMUJCBEC

QRSBW�MD�RFC�AFCKGQRPW�MD�@GMJMEGA?J�MPE?LGQKQ

RFC�QRSBW�MD�JGTGLE�MPE?LGQKQ�?LB�RFCGP�GLRCP?ARGMLQ�UGRF�MLC�?LMRFCP�?LB�RFCGP�CLTGPMLKCLRQ

AMJJCARGML�MD�?JJ�RFC�CAMQWQRCKQ�ML�&?PRF

QRSBW�MD�NJ?LRQ

QK?JJCQR�DSLB?KCLR?J�SLGR�MD�QRPSARSPC�?LB�DSLARGML�GL�JGTGLE�RFGLEQ

QCR�MD�NMNSJ?RGMLQ�GLF?@GRGLE�?�N?PRGASJ?P�?PC?

QCARGML�MD�?�QAGCLRGDGA�N?NCP�RF?R�QSKK?PGXCQ�RFC�GKNMPR?LAC�MD�RFC�CVNCPGKCLR?J�DGLBGLEQ

N?PR�MD�?L�CVNCPGKCLR�RF?R�BMCQ�LMR�AF?LEC�BSPGLE�RFC�CVNCPGKCLR

DMPK�MD�JMEGA?J�RFGLIGLE�RF?R�SQCQ�?�ECLCP?J�GLAJSQGTC�QR?RCKCLR�RM�DMPCA?QR�QNCAGDGA�PCQSJRQ

	?JQM�BGQAMTCPW�QAGCLAC
�DMPK�MD�QAGCLAC�RF?R�?GKQ�RM�M@QCPTC�CVNJMPC�?LB�GLTCQRGE?RC

QCARGML MD ? QAGCLRGDGA N?NCP GL UFGAF RFC ?SRFMP GLRCPNPCRQ CVNCPGKCLR?J PCQSJRQ BCQAPG@CQ FMU T?PG?@JCQ K?W

@C�PCJ?RCB�?LB�?RRCKNRQ�RM�CVNJ?GL�RFC�NFCLMKCLML�GL�OSCQRGML

?JJ�RFC�JGTGLE�RFGLEQ�GL�?�N?PRGASJ?P�?PC?�RMECRFCP�UGRF�RFC�?@GMRGA�LMLJGTGLE�N?PRQ�MD�RF?R�CLTGPMLKCLR

MPE?LGQK�UGRF�ACJJQ�RF?R�F?TC�LSAJCG�?LB�KCK@P?LC�@MSLB�MPE?LCJJCQ

NPMACQQ�MD�EP?BS?J�AF?LEC�BSPGLE�UFGAF�LCU�QNCAGCQ�?PGQC�DPMK�MJBCP�QNCAGCQ�?LB�QMKC�QNCAGCQ�@CAMKC�CVRGLAR

?@JC�RM�@C�BGQNPMTCL�@W�CVNCPGKCLR?J�PCQSJRQ

?@GJGRW�MD�?L�MPE?LGQK�RM�K?GLR?GL�AMLQR?LR�GLRCPL?J�AMLBGRGMLQ

QSEECQRCB�CVNJ?L?RGML�DMP�?L�M@QCPT?RGML�UFGAF�A?L�@C�RCQRCB

DMPK�MD�QAGCLAC�RF?R�@CEGLQ�UGRF�?�QNCAGDGA�OSCQRGML�?LB�NMRCLRG?J�RCQR?@JC�?LQUCPQ

DMPK�MD�JMEGA?J�RFGLIGLE�RF?R�SQCQ�PCJ?RCB�M@QCPT?RGMLQ�RM�?PPGTC�?R�?�ECLCP?J�AMLAJSQGML

MNCLGLE QCARGML MD ? QAGCLRGDGA N?NCP UFGAF NPMTGBCQ @?AIEPMSLB GLDMPK?RGML ?@MSR UF?R U?Q ILMUL GL RFC

DGCJB�NPGMP�RM�RFC�PCQC?PAF�PCNMPRCB�GL�RFC�N?NCP

DGCJB�MD�QAGCLAC�QSAF�?Q�@GMJMEW�RF?R�QRSBGCQ�JGTGLE�RFGLEQ

J?PEC�KMJCASJC�RWNGA?JJW�DMPKCB�@W�RFC�HMGLGLE�MD�QK?JJCP�KMJCASJCQ

QCARGML MD ? QAGCLRGDGA N?NCP RF?R GLAJSBCQ ? AMKNJCRC BCQAPGNRGML MD RFC QS@QR?LACQ KCRFMBQ

?LB�RCAFLGOSCQ�SQCB�@W�RFC�PCQC?PAFCPQ�RM�E?RFCP�B?R?

QRSBW�MD�RFC�QRPSARSPC�?LB�DSLARGML�MD�KGAPMMPE?LGQKQ
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QRSBW MD @GMJMEGA?J NPMACQQCQ ?LB RFCGP PCESJ?RGML ?R RFC KMJCASJ?P JCTCJ GLAJSBGLE GLRCP?ARGMLQ ?KMLE

KMJCASJCQ�QSAF�?Q�%/"�3/"�?LB�NPMRCGLQ

AFCKGA?J�QRPSARSPC�AMLQGQRGLE�MD�?R�JC?QR�RUM�?RMKQ�FCJB�RMECRFCP�@W�MLC�MP�KMPC�AFCKGA?J�@MLBQ

DGCJB�MD�QAGCLAC�RF?R�GQ�PCJ?RCB�RM�RFC�NFWQGA?J�UMPJB�?LB�GRQ�NFCLMKCL?�?LB�NPMACQQCQ

QRSBW�MD�RFC�@GMJMEW�MD�RFC�LCPTMSQ�QWQRCK

AMJJCARGML�MD�PCJ?RCB�RGQQSCQ�EPMSNCB�RMECRFCP�NCPDMPKGLE�?�AMKKML�DSLARGML

JCTCJ�MD�MPE?LGX?RGML�RF?R�AMLQGQRQ�MD�DSLARGML?JJW�PCJ?RCB�GLRCP?ARGLE�MPE?LQ

QK?JJ�QRPSARSPCQ�RF?R�CVGQR�UGRFGL�ACJJQ�?LB�A?PPW�MSR�ACJJSJ?P�DSLARGMLQ

GLBGTGBS?J�JGTGLE�CLRGRW

QRSBW�MD�JGDCtQ�FGQRMPW�@W�KC?LQ�MD�DMQQGJQ

QAGCLRGDGA N?NCP RF?R GQ PCTGCUCB @W ? QAGCLRGQRtQ AMJJC?ESCQ UFM ?PC CVNCPRQ GL RFC DGCJB MD

QRSBW

BG?EP?K QFMUGLE RFC CTMJSRGML?PW PCJ?RGMLQFGNQ ?KMLE T?PGMSQ @GMJMEGA?J QNCAGCQ @?QCB ML

QGKGJ?PGRGCQ ?LB BGDDCPCLACQ GL ECLCRGA MP NFWQGA?J RP?GRQ MP @MRF� GL CQQCLAC ? FWNMRFCQGQ AMLACPLGLE CTMJSRGML?PW

AMLLCARGMLQ

DGCJB�MD�QAGCLAC�QSAF�?Q�ECMJMEW�?QRPMLMKW�NFWQGAQ�?LB�AFCKGQRPW�RF?R�QRSBGCQ�LMLJGTGLE�K?RRCP

SQGLE MRFCP NCMNJCtQ UMPI MP GBC?Q UGRFMSR NPMNCP AGR?RGML APC?RGLE RFC D?JQC GKNPCQQGML RF?R RFMQC ?PC RFC
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