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Evolution of the Human Cognitive System and Human Civilizations Viewed as

Phase Transitions of the Primate Brain’s Neurobiological Mechanisms
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The brain capacity of human ancestors underwent two phase transitions, resulting in the emergence of 

PRGHUQ�FLYLOL]DWLRQV������7KH�HPHUJHQFH�RI�WKH�SULPDWH�FHUHEUDO�FRUWH[��ZLWK�LWV�XQLTXH�FKDUDFWHULVWLF�RI�

DGGLWLRQDO�FRUWLFDO�DUHDV�DFFRPSDQ\LQJ�VL]H�H[SDQVLRQ��DQG�����WKH�UHSODFHPHQW�RI�QDWXUDO�VHOHFWLRQ�DV�WKH�

main evolutionary mechanism by “Triadic Niche Construction”, an interactive expansion of ecological, 

neural, and cognitive niches. The latter seems to have been triggered by the use and manufacture of tools, 

which led cognitive capacities to exceed the threshold for the emergence of language and self-consciousness 

WKDW�HYHQWXDOO\�DOORZHG�WKH�IRUPDWLRQ�RI�PRGHUQ�FLYLOL]DWLRQV�WKURXJK�LQWHQWLRQDO�PRGL¿FDWLRQ�RI�WKH�

environment. Elucidating these developments would enable us to predict a third phase transition, which 

PD\�EH�LQGXFHG�E\�WKH�FXUUHQW�H[SORVLRQ�RI�DUWL¿FLDO�LQWHOOLJHQFH��DFFHOHUDWLQJ�KXPDQ�FRJQLWLYH�FDSDFLWLHV�

to cross the next threshold required to overcome the “Limit of Growth” that our current civilization seems 

to be facing.

La capacidad cerebral de nuestros antepasados humanos experimentó dos fases de transición, lo que 

JHQHUy�HO�VXUJLPLHQWR�GH�FLYLOL]DFLRQHV�PRGHUQDV������(O�VXUJLPLHQWR�GH�OD�FRUWH]D�FHUHEUDO�GH�ORV�SULPDWHV��

FRQ�VX�FDUDFWHUtVWLFD�~QLFD�GH�iUHDV�FRUWLFDOHV�DGLFLRQDOHV�TXH�DFRPSDxDQ�D�OD�H[SDQVLyQ�GH�WDPDxR���

y (2) el reemplazo de la selección natural como el principal mecanismo evolutivo por la “Construcción 

de Nicho Triádico”, una expansión interactiva de los nichos ecológicos, neuronales y cognitivos.  Esto 

último parece haber sido desencadenado por el uso y fabricación de herramientas, que llevaron a las 

capacidades cognitivas a superar el umbral para el surgimiento del lenguaje y la autoconciencia que 

¿QDOPHQWH�SHUPLWLy�OD�IRUPDFLyQ�GH�FLYLOL]DFLRQHV�PRGHUQDV�D�WUDYpV�GH�OD�PRGL¿FDFLyQ�LQWHQFLRQDO�GHO�

entorno.  Aclarar estos desarrollos nos permitiría predecir una tercera fase de transición, que puede 

VHU�LQGXFLGD�SRU�OD�DFWXDO�H[SORVLyQ�GH�OD�LQWHOLJHQFLD�DUWL¿FLDO��DFHOHUDQGR�ODV�FDSDFLGDGHV�FRJQLWLYDV�

humanas para cruzar el siguiente umbral requerido para superar el "Límite de Crecimiento" que nuestra 

civilización actual parece estar encarando. 
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7KH� EUDLQV� RI� KXPDQ� DQFHVWRUV� ZHUH� GHYHORSHG�

WKURXJK�SUHDGDSWDWLRQV�ZLWK�����D�WHQGHQF\�IRU�JUDGXDO�

H[SDQVLRQ������WKH�SRWHQWLDO�IRU�JHQH�FXOWXUH��WKURXJK�

YRFDO�FRPPXQLFDWLRQ��FRHYROXWLRQ��DQG�����WKH�XQLTXH�

FKDUDFWHULVWLF�RI�QRYHO�FRUWLFDO�DUHDV�EHLQJ�DGGHG�DORQJ�

ZLWK�YROXPHWULF�HQODUJHPHQW��7KHVH�EUDLQV�HQFRXQWHUHG�

DQ�RSSRUWXQLW\�IRU�SKDVH�WUDQVLWLRQ��(YROXWLRQ�GX�YROXPH�

FpUpEUDO�GHV�+RPLQLGpV��Q�G���ZKHQ�DQFHVWUDO�KRPLQLGV�

VWDUWHG�PDNLQJ�DQG�XVLQJ�VWRQH�WRROV��)LJXUH��������'HVSLWH�

WKH�KXPDQ�EUDLQ�QRW�EHLQJ�DQ�RXWOLHU�DPRQJ�WKRVH�RI�

SULPDWHV�LQ�UHJDUG�WR�LWV�FHOOXODU�FRPSRVLWLRQ�DQG�VL]H��

WKH�PDQXIDFWXULQJ�DQG�XVDJH�RI�WRROV�FRXOG�KDYH�LQGXFHG�

IXQGDPHQWDO�GL൵HUHQFHV��VXFK�DV�WKH�FRUWLFDOL]DWLRQ�RI�

PRWRU�FRQWURO��FRPELQHG�ZLWK�DQ�DOUHDG\�PRGHUDWHO\�

DGYDQFHG�FRJQLWLYH�DQG�YRFDO�FRPPXQLFDWLRQ�FDSDFLW\��

7KXV��WRRO�XVDJH�OHG�WR�WKH�GHYHORSPHQW�RI�WKH�KXPDQ�

PRGH�RI�ODQJXDJH�LQ�RXU�DQFHVWRUV�WKURXJK�WKH�DOORFDWLRQ�

RI�RYHUODSSLQJ�DQG�UHFHQWO\�H[SDQGHG�EUDLQ�DUHDV�7KLV�

FRQVHTXHQWO\�SURYLGHG�WKH�PHDQV�IRU�WKH�WUDQVPLVVLRQ�RI�

NQRZOHGJH�DQG�HYHQWXDO�IRUPDWLRQ�RI�PRGHUQ�WHFKQRORJLFDO�

FLYLOL]DWLRQV��:H�SUHYLRXVO\�SURSRVHG�WKH�WKHRU\�RI�WULDGLF�

QLFKH�FRQVWUXFWLRQ��,ULNL�	�7DRND�������²DQ�DFFHOHUDWHG�

SRVLWLYH�IHHGEDFN�ORRS�IRU�H[SDQVLRQV�DPRQJ��L��QHXUDO�

�EUDLQ����LL��FRJQLWLYH��DQG��LLL��HQYLURQPHQWDO�QLFKHV²DV�

WKH�PHFKDQLVP�UHVSRQVLEOH�IRU�VXFK�SKHQRPHQD��,Q�RWKHU�

ZRUGV��KXPDQ�HYROXWLRQ�LV�FKDUDFWHUL]HG�E\�FRQWLQXRXV�

SURFHVVHV�RI�DGGLQJ�QHZ�PRGDOLWLHV�RI�FRJQLWLRQ��LQFOXGLQJ�

WKH�PDQXIDFWXULQJ� DQG�XVDJH� RI� WRROV� DQG� OLQJXLVWLF�

IDFXOWLHV��VXSSRUWHG�E\�GUDPDWLF�EUDLQ�H[SDQVLRQ�DQG�WKH�

DFFRPSDQ\LQJ�DGGLWLRQ�RI�QHZ�IXQFWLRQDO�DUHDV��6XFK�

H[WHQGHG�EUDLQ�IXQFWLRQV�KDYH�GULYHQ�UDSLG�DQG�GUDVWLF�

FKDQJHV�LQ�WKH�KRPLQLQ�HFRORJLFDO�QLFKH��ZKLFK�KDYH�LQ�

WXUQ�GHPDQGHG�IXUWKHU�EUDLQ�UHVRXUFHV�WR�DGDSW�WR�WKHP�

Figure 10.1. 

Cranial capacity of hominids and lithic technology.

                                                                                              

Note.7UDQVLWLRQ�RI�FUDQLDO�FDSDFLW\��YHUWLFDO�

D[LV�� DORQJ� WKH� HYROXWLRQDU\� SURFHVV� RI�

YDULRXV�DQFHVWUDO�SUHKRPLQLGV�DQG�KRPLQLGV�

�KRUL]RQWDO�D[LV���$GDSWHG�IURP��(YROXWLRQ�

GX�YROXPH�FpUpEUDO� GHV�+RPLQLGpV�� Q�G����

Inset illustrations of a skull and brain depict 

UHSUHVHQWDWLYH�KRPLQLGV�SORWWHG�RQ�WKH�JUDSK��

%UDLQ�H[SDQVLRQ�VXGGHQO\�DFFHOHUDWHG�ZKHQ�

Homo habilis started manufacturing and using 

VWRQH�WRROV��REOLTXH�UHG�DUURZ���,QVHWV�RI�VWRQH�

WRROV��WRS�OHIW��GHSLFW�WKH�GHYHORSPHQW�OHYHO�RI�

VWRQH�WRROV�LQ�HDFK�FXOWXUH��2OGZDQ�FXOWXUH��7KH�

HDUOLHVW�ZLGHVSUHDG�VWRQH�WRROV�ZHUH�VLPSOH��

XVXDOO\�PDGH�ZLWK�RQH�RU�D�IHZ�ÀDNHV�FKLSSHG�R൵�ZLWK�DQRWKHU�VWRQH��DQG�XVHG�E\�Homo habilis��$FKHXOHDQ�FXOWXUH��6WRQH�WRROV�

FKDUDFWHUL]HG�E\�GLVWLQFWLYH�RYDO��DQG�SHDU�VKDSHG�³KDQG�D[HV´��PDQXIDFWXUHG�DQG�XVHG�E\�Homo erectus��6LPSOH�V\QWD[�LQ�YRFDO�

FRPPXQLFDWLRQ��D�SULPLWLYH�IRUP�RI�KXPDQ�ODQJXDJH��LV�WKRXJKW�WR�KDYH�EHHQ�UHTXLUHG�IRU�WKH�WUDQVPLVVLRQ�RI�WKLV�FXOWXUH��0RXVWHULDQ�

FXOWXUH��7HFKQLFDOO\�FRPSOH[�DQG�VLJQL¿FDQW�DUFKDHRORJLFDO�LQGXVWU\�RI�OLWKLF�WRROV�GHYHORSHG�IURP�Homo sapiens neanderthalensis 

WKURXJK�HDUO\�Homo sapiens sapiens��&RPSOH[�DQG�ULFK�VHPDQWLF�FRQWHQWV�DQG�V\QWD[��FORVH�WR�PRGHUQ�KXPDQ�ODQJXDJH��ZHUH�

QHFHVVDU\�IRU�WKH�WUDQVPLVVLRQ�DQG�LQKHULWDQFH�RI�WKLV�FXOWXUH��$GRSWHG�ZLWK�SHUPLVVLRQ�IURP��%UHWDV�HW�DO��������)LJXUH����
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7KXV��LQ�WKLV�PDQQHU��WKH�HYROXWLRQDU\�PHFKDQLVP�

KDV�VKLIWHG�IURP�SDVVLYH�³QDWXUDO�VHOHFWLRQ´�WR�DQ�DFWLYH�

WULDGLF� QLFKH� FRQVWUXFWLRQ� SKDVH��ZKLFK� KDV� OHG� DQG�

FRQWLQXHV�WR�OHDG�KXPDQV¶�FRJQLWLYH��FRPPXQLFDWRU\��

DQG�WHFKQRORJLFDO�FDSDFLWLHV�LQWR�D�FRQWLQXRXV�LQQRYDWLRQ�

ORRS�WKURXJKRXW�LWV�KLVWRU\��+XPDQ�ODQJXDJH�HPHUJHG�

GXULQJ�WKLV�VKLIW�LQ�WKH�HYROXWLRQDU\�IRUFH��IHDWXULQJ�DQ�

DGGLWLRQDO�OD\HU�RYHU�WKH�H[LVWLQJ�DQLPDO�SURWR�ODQJXDJH�

OD\HU��/DQJXDJH�WKHQ�EHFDPH�D�SRZHUIXO�LQVWUXPHQW�LQ�

WKLV�FRQWLQXRXVO\�DFFHOHUDWLQJ�WULDGLF�QLFKH�FRQVWUXFWLRQ��

'HVSLWH�XQGHUVWDQGLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�ODQJXDJH�

DQG�HYROXWLRQ��VRPH�FULWLFDO�IDFWRUV�UHPDLQ�XQNQRZQ��)RU�

LQVWDQFH��KRZ�GLG�WKLV�DFFHOHUDWHG�H[SDQVLRQ�H[FHHG�WKH�

³WKUHVKROG�FDSDFLW\´�IRU�WKH�HPHUJHQFH�RI�D�QRYHO�PRGH�

RI�FRPPXQLFDWLRQ��KXPDQ�ODQJXDJH��GHULYHG�IURP��DQG�

LQ�DGGLWLRQ�WR�� WKH�RULJLQDO�PRGH��DQLPDO� ODQJXDJH�"�

:KDW�ZDV�WKLV�WKUHVKROG�DQG�KRZ�ZDV�WKH�HPHUJHQFH�

RI�GLVFRQWLQXRXV�TXDOLWDWLYH�GL൵HUHQFHV�LQGXFHG�IURP�

FRQWLQXRXV�TXDQWLWDWLYH�GL൵HUHQFHV"�([WUDSRODWLQJ�WKHVH�

GHYHORSPHQWV�ZRXOG�IXUWKHU�HQDEOH�XV�WR�SUHGLFW�WKH�QH[W�

SKDVH�WUDQVLWLRQ��ZKLFK�PD\�EH�LQGXFHG�E\�WKH�FXUUHQW�

H[SORVLRQ�RI�DUWL¿FLDO�LQWHOOLJHQFH��DFFHOHUDWLQJ�KXPDQ�

FRJQLWLYH�FDSDFLWLHV�WR�WKH�QH[W�WKUHVKROG�UHTXLUHG�IRU�D�

QRYHO�PRGH�RI�FLYLOL]DWLRQ�

7KH�)LUVW�3KDVH�7UDQVLWLRQ��7KH�8QLTXHQHVV�RI�WKH�

Primate Brain Among Mammals

7KH�EUDLQ�LV�D�URVWUDO�PRVW�DPSXOOD�RI�WKH�QHUYRXV�

V\VWHP�WKDW�HPHUJHG�GXULQJ�DQLPDO�HYROXWLRQ�IRU�SURFHVVLQJ�

LQIRUPDWLRQ�WR�UHJXODWH�YDULRXV�LQWHUQDO��YLD�WKH�DXWRQRPLF�

QHUYRXV�V\VWHP��DQG�H[WHUQDO��YLD�WKH�VRPDWLF�QHUYRXV�

V\VWHP��ERGLO\�PRYHPHQWV��:KLOH�DQLPDOV¶�ERGLHV�HYROYHG�

WR�EHFRPH�ODUJHU�DQG�PRUH�FRPSOH[��WKH�QHUYRXV�V\VWHP�

DOVR�LQFUHDVHG�LQ�VL]H�DQG�FRPSOH[LW\�WR�FRQQHFW�LQSXW�

�VHQVRU\��DQG�RXWSXW��PRWRU��RUJDQV�WR�VXUYLYH�LQ�DQG�

DGDSW�WR�JLYHQ�HQYLURQPHQWDO�FRQGLWLRQV��$V�HYROXWLRQ�

KDV�SURFHHGHG��VSHFLHV�RQH�DIWHU�DQRWKHU�KDYH�DSSHDUHG�

HTXLSSHG�ZLWK�D�QHXUD[LV��KLJKHU�FHQWHUV��DQG�HYHQWXDOO\�

EUDLQ�DQG�FHUHEUDO�FRUWLFHV��)LJXUH�����%���6XFK�HQODUJHG�

EUDLQ�SDUWV��LQLWLDOO\�GHYRWHG�VROHO\�WR�VHQVRU\�LQGXFHG�

PRWLRQ�JHQHUDWLRQ��JUDGXDOO\�GHYHORSHG�WKH�FDSDFLW\�IRU�

FRJQLWLRQ�DQG�FRPPXQLFDWLRQ��DQG�VRPH�VSHFLHV�DFTXLUHG�

ODQJXDJH�OLNH�FDSDFLWLHV��)LQDOO\��LQ�KXPDQV��RYHUOD\LQJ�

VHQVRULPRWRU�SURFHVVLQJ�PDFKLQHU\�IRUPHG�D�V\PEROLF�

V\VWHP��)LJXUH�����$��WKDW�LV�SUHGRPLQDQWO\�JRYHUQHG�E\�

KXPDQ�ODQJXDJH��&DVVLUHU��������

:KLOH�QXPHURXV�SUHDGDSWDWLRQV�RI�EUDLQ�PHFKDQLVPV�

seem to be implemented in multiple animal species 

WKDW�H[KLELW�ODQJXDJH�OLNH�YRFDO�FRPPXQLFDWLRQV��ZK\�

KDV�KXPDQ�ODQJXDJH�HPHUJHG�RQO\�LQ�RXU�HYROXWLRQDU\�

OLQHDJH"�:DV�WKHUH�DQ\WKLQJ�VSHFLDO�DERXW�SULPDWH�EUDLQV"�

7KH�WKUHH�PRVW�VXFFHVVIXO��UDGLDWHG�LQ�PRVW�QXPEHUV�RI�

VSHFLHV��H[WDQW�PDPPDOLDQ�RUGHUV��)LJXUH�����&���(VWUDGD�

HW�DO���������KDYH�LQ�FRPPRQ�DQ�HFRORJ\�ODUJHO\�GHSHQGHQW�

RQ�GL൵HUHQW�VHQVRU\�PRGDOLWLHV��L�H���KDSWLFV�LQ�URGHQWV��

DXGLWLRQ�LQ�EDWV��DQG�YLVLRQ�LQ�SULPDWHV���7KH�GHVLJQ�RI�WKHLU�

EUDLQV�FRXOG�WKXV�EH�GL൵HUHQW��DGDSWLQJ�WR�GL൵HUHQW�VW\OHV�

RI�LQWHUDFWLRQV�ZLWK�WKHLU�HQYLURQPHQWV��$�FRPSDULVRQ�RI�

YDULRXV�VL]HG�EUDLQV�RI�SULPDWHV�DQG�URGHQWV��'RROH\�	�

.UXELW]HU��������9HQWXUD�$QWXQHV�HW�DO����������SULPDWHV¶�

FORVHVW�PDPPDOLDQ�RUGHU��)LJXUH�����&���FOHDUO\�GHSLFWV�

VXFK�GL൵HUHQFHV��)LJXUH�����'���/DUJHU�SULPDWH�EUDLQV�

SRVVHVV�PRUH�GL൵HUHQW�FRUWLFDO�DUHDV��)R[�HW�DO���������

.DDV��������3HWULGHV�	�3DQG\D���������ZKHUHDV�ODUJHU�

URGHQW�EUDLQV�UHPDLQ�UDWKHU�VWUDLJKWIRUZDUG�DQDORJRXV�

H[SDQVLRQV� RI� VPDOOHU� EUDLQV� �'RROH\�	�.UXELW]HU��

�������,Q�WKH�FDVH�RI�SULPDWHV��PDLQWDLQLQJ�VHQVRU\�DQG�

PRWRU�SUHFLVLRQ��GHVSLWH�DQ�LQFUHDVHG�ERG\�VL]H�ZLWKRXW�

D�SURSRUWLRQDO�LQFUHDVH�LQ�VSLQDO�DQG�SHULSKHUDO�¿EHUV��

FRXOG�KDYH�EHHQ�D�VLJQL¿FDQW�IDFWRU�LQ�EUDLQ�H[SDQVLRQ�

DQG� FRUWLFDOL]DWLRQ� �+HUFXODQR�+RX]HO� HW� DO��� �������

7KXV��RQFH�FRQGLWLRQV�EHFDPH�SHUPLVVLYH��SULPDWH�EUDLQV�



116

Note. A��&DVVLUHU¶V�SKLORVRSK\�RI�WKH�KXPDQ�EHLQJ��&DVVLUHU���������WKH�ZRUOGV�RI�KXPDQV�DQG�DQLPDOV�DUH�GLYLGHG�E\�WKH�KRUL]RQWDO�

GDVKHG�OLQH�LQ�WKH�FHQWHU��$QLPDOV�H[SHULHQFH�WKH�ZRUOG�WKURXJK�D�GLUHFW�FRQQHFWLRQ�RI�VHQVRU\�DQG�UHVSRQVH�V\VWHPV��VXUYLYLQJ�

WKURXJK�WKH�GHWHFWLRQ�RI�WKHLU�FXUUHQW�HQYLURQPHQW�DQG�RSWLPDOO\�UHVSRQGLQJ�WR�LW��7KHVH�V\VWHPV�OLQN�RQO\�WKH�SK\VLFDO�HQYLURQPHQW�

DQG�LQIRUPDWLRQ�HQFRGHG�LQWULQVLFDOO\�WKHUHLQ��+XPDQV�SRVVHVV�D�V\PEROLF�V\VWHP�LQ�DGGLWLRQ�WR�WKH�DQLPDOV¶�VHQVRU\�DQG�UHVSRQVH�

V\VWHPV��$�V\PEROLF�V\VWHP�FDQ�SURFHVV�DEVWUDFWHG�V\PEROLF�FRJQLWLRQ��ZKLFK�LV�GLVFRQQHFWHG�IURP�WKH�VXEMHFW�DQG�LQIRUPDWLRQ�LQ�

WKH�UHDO�SK\VLFDO�ZRUOG��DOWKRXJK�LW�UHOLHV�SDUWO\�RQ�LW��B��(YROXWLRQ�RI�WKH�DQLPDO�QHUYRXV�V\VWHP��LW�¿UVW�HPHUJHG�WR�UHJXODWH�ERGLO\�

PRYHPHQWV�ZLWKLQ�DQ�HQYLURQPHQW�E\�FRQQHFWLQJ�LQSXW��VHQVRU\��DQG�RXWSXW��PRWRU��IXQFWLRQV��RULJLQDOO\�OLQNHG�GLUHFWO\�ZLWKLQ�

WKH�FHOO�LQ�SURWR]RD��$V�HYROXWLRQ�PDGH�DQLPDOV¶�ERGLHV�ODUJHU�DQG�PRUH�FRPSOH[��WKH�QHUYRXV�V\VWHP�DOVR�LQFUHDVHG�LQ�VL]H�DQG�

FRPSOH[LW\�WR�FRQQHFW�LQSXW��VHQVRU\�RUJDQV�DFFXPXODWHG�DW�WKH�IURQW�RI�WKH�ERG\�LQ�WKH�PRYLQJ�GLUHFWLRQ��DQG�RXWSXW�RUJDQV��PRWRU�

RUJDQV�ORFDWHG�DURXQG�WKH�FHQWHU�RI�JUDYLW\�RI�WKH�ERG\�IRU�H൶FLHQF\���QRZ�VHSDUDWHG�E\�D�VXEVWDQWLDO�GLVWDQFH��$ORQJ�WKH�FRQWLQXRXV�

HYROXWLRQDU\�SURFHVV��QHXURQV�ZHUH�JURXSHG�FORVHU�WRJHWKHU�IRU�H൶FLHQF\�DQG�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��IRUPLQJ�WKH�FHQWUDO�

QHUYRXV�V\VWHP�DQG�HYHQWXDOO\�WKH�WHOHQFHSKDORQ�DQG�FHUHEUDO�FRUWH[��7KH�QHUYRXV�V\VWHP��LQLWLDOO\�GHYRWHG�VROHO\�WR�VHQVRULPRWRU�

SURFHVVLQJ��GHYHORSHG�DQ�RYHUOD\�PDFKLQHU\�RI�KLJKHU�FHQWHUV�DEOH�WR�PDQLSXODWH�V\PEROLF�LQIRUPDWLRQ�GHWDFKHG�IURP�WKH�SK\VLFDO�

HQYLURQPHQW��WRS�ULJKW�GLDJUDP��QRWH�WKDW�WKLV�VWUXFWXUH�UHVHPEOHV�&DVVLUHU¶V�SKLORVRSK\�RI�WKH�KXPDQ�EHLQJ�GHSLFWHG�LQ�$���C��

3K\ORJHQHWLF�WUHH�RI�PDPPDOLDQ�RUGHUV��YHUWLFDO�D[LV�LQGLFDWHV�PLOOLRQV�RI�\HDUV�LQ�WKH�SDVW��IURP�WRS�WR�ERWWRP���5RGHQWLD�������

VSHFLHV���&KLURSWHUD�������VSHFLHV���DQG�3ULPDWHV������VSHFLHV��DUH�WKH�WKUHH�PRVW�UDGLDWHG�RUGHUV�DPRQJ�H[WDQW�WD[D��(VWUDGD�HW�DO���

�������5RGHQWV�DUH�SK\ORJHQHWLFDOO\�WKH�PRVW�SUR[LPDO�RUGHU�WR�SULPDWHV��GLYHUJLQJ�OHVV�WKDQ�����PLOOLRQ�\HDUV�DJR��D��'LDJUDPV�

LOOXVWUDWLQJ�GL൵HUHQW�EUDLQ�RUJDQL]DWLRQV�EHWZHHQ�URGHQWV��WRS��DQG�SULPDWHV��ERWWRP���&RORUHG�DUHDV�LQ�WKH�EUDLQ�LQGLFDWH�SULPDU\�

VHQVRU\�DUHDV��UHG��VRPDWRVHQVRU\��EOXH��YLVXDO��\HOORZ��DXGLWRU\��LQ�UHSUHVHQWDWLYH�H[WDQW�SULPDWH�DQG�URGHQW�VSHFLHV�RI�GL൵HUHQW�

ERG\��¿UVW�QXPEHU�LQ�EUDFNHWV��DQG�EUDLQ��VHFRQG�QXPEHU�LQ�EUDFNHWV��VL]HV��1RWH�WKH�GL൵HUHQFH�LQ�WKH�SURSRUWLRQ�RI�WKHVH�SULPDU\�

�FRORUHG��DQG�DVVRFLDWHG��LQ�ZKLWH��DUHDV�LQ�GL൵HUHQWO\�VL]HG�EUDLQV�EHWZHHQ�SULPDWHV�DQG�URGHQWV��'RROH\�	�.UXELW]HU���������

$GRSWHG�ZLWK�SHUPLVVLRQ�IURP��%UHWDV�HW�DO��������)LJXUH����

Figure 10.2.

Evolution of the nervous system
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ZHUH�UHDG\�WR�LQFRUSRUDWH�DGGLWLRQDO�EUDLQ�DUHDV��WKHUHE\�

DGGLWLRQDO�QRYHO�IXQFWLRQV��RQH�DIWHU�DQRWKHU��$OWKRXJK�WKH�

PHFKDQLVPV�RI�KRZ�WKLV�XQLTXH�IHDWXUH�LV�LPSOHPHQWHG�LQ�

WKH�SULPDWH�EUDLQ�GXULQJ�HYROXWLRQDU\�SURFHVVHV�UHPDLQV�\HW�

XQNQRZQ��WKLV�FRQVWLWXWHV�WKH�¿UVW�PDMRU�SKDVH�WUDQVLWLRQ�

OLNH�SUHDGDSWDWLRQ�WKDW�RFFXUUHG�LQ�PDPPDOLDQ�EUDLQV�

The Second Phase Transition: From Natural Selection 

to Triadic Niche Construction

$V�GHVFULEHG�DERYH��EUDLQV�RI�KXPDQ�DQFHVWRUV�ZHUH�

IXUQLVKHG�WKURXJK�SUHDGDSWDWLRQV�ZLWK�����D�WHQGHQF\�

RI�JUDGXDO�H[SDQVLRQ������WKH�SRWHQWLDO�RI�JHQH�FXOWXUH�

�WKURXJK�YRFDO�FRPPXQLFDWLRQ��FRHYROXWLRQ��DQG�����WKH�

DFTXLVLWLRQ�RI�WKH�XQLTXH�GHVLJQLQJ�SULQFLSOH�RI�GHYHORSLQJ�

DGGLWLRQDO�QRYHO�FRUWLFDO�DUHDV�DORQJ�H[SDQVLRQ��6XFK�D�

EUDLQ�HQFRXQWHUHG�DQ�RSSRUWXQLW\� IRU� WKH�QH[W�SKDVH�

WUDQVLWLRQ�ZKHQ�DQFHVWUDO�KRPLQLGV�KDSSHQHG�WR�VWDUW�

PDNLQJ�DQG�XVLQJ�VWRQH�WRROV��)LJXUH��������7KH�XVDJH�

DQG�PDQXIDFWXULQJ�RI�WRROV��ZKHQ�FRPELQHG�ZLWK�DOUHDG\�

PRGHUDWHO\�DGYDQFHG�FRJQLWLYH�DQG�YRFDO�FRPPXQLFDWLRQ�

FDSDFLWLHV��OHG�RXU�DQFHVWRUV�WR�GHYHORS�D�KXPDQ�PRGH�RI�

ODQJXDJH��ZKLFK�ODWHU�DOORZHG�WKH�HYHQWXDO�IRUPDWLRQ�RI�

KXPDQ�FLYLOL]DWLRQ��:H�KDYH�SURSRVHG�WKH�WKHRU\�RI�WULDGLF�

QLFKH�FRQVWUXFWLRQ��,ULNL�	�7DRND��������DV�D�PHFKDQLVP�

WR�UHDOL]H�VXFK�SKHQRPHQD��)LJXUH��������7KDW�LV��KXPDQ�

HYROXWLRQ�LV�FKDUDFWHUL]HG�E\�FRQWLQXRXV�SURFHVVHV�RI�

DGGLQJ�QHZ�NLQGV�RI�FRJQLWLYH�FDSDFLW\��LQFOXGLQJ�WKRVH�

UHODWLQJ�WR�WKH�PDQXIDFWXULQJ�DQG�XVH�RI�WRROV�DQG�WR�WKH�

HVWDEOLVKPHQW�RI�OLQJXLVWLF�IDFXOWLHV��7KHVH�SURFHVVHV�

ZHUH�VXSSRUWHG�E\�D�GUDPDWLF�H[SDQVLRQ�RI�WKH�EUDLQ�WKDW�

DFFRPSDQLHG�WKH�DGGLWLRQ�RI�QHZ�IXQFWLRQDO�DUHDV��ZLWK�

VXFK�H[WHQGHG�EUDLQ�IXQFWLRQV�GULYLQJ�UDSLG�DQG�GUDVWLF�

FKDQJHV�LQ�WKH�KRPLQLQ�HFRORJLFDO�QLFKH��ZKLFK�LQ�WXUQ�

GHPDQGHG�IXUWKHU�EUDLQ�UHVRXUFHV�WR�DGDSW�WR�LW�

Figure 10.3. 

Triadic niche construction feedback loop.

Note.�6FKHPDWLF�GHSLFWLQJ�WKH�FRQFHSW�RI�WULDGLF�QLFKH�FRQVWUXFWLRQ��,ULNL�	�7DRND���������D�FRQWLQXRXV�SURFHVV�RI�WKH�DGGLWLRQ�RI�QHZ�

W\SHV�RI�FRJQLWLYH�FDSDFLWLHV��FRJQLWLYH�QLFKH���VXSSRUWHG�E\�EUDLQ�H[SDQVLRQ�DORQJ�ZLWK�DGGLWLRQDO�IXQFWLRQDO�DUHDV��QHXUDO�QLFKH���

7KRVH�H[WHQGHG�EUDLQ�IXQFWLRQV�GURYH�UDSLG�DQG�GUDVWLF�FKDQJHV�LQ�WKH�HQYLURQPHQW��HFRORJLFDO�QLFKH���ZKLFK�LQ�WXUQ�GHPDQGHG�

IXUWKHU�EUDLQ�UHVRXUFHV�WR�DGDSW�WR�WKHP��7KXV��D�SRVLWLYH�IHHGEDFN�ORRS�ZDV�IRUPHG�DPRQJ�WKH�WKUHH�QLFKHV��HDFK�RI�ZKLFK�ZRXOG�

KDYH�FRQWLQXRXVO\�H[SDQGHG�WKURXJK�VXFK�LQWHUDFWLRQV��$�SULPLWLYH�IRUP�RI�WULDGLF�LQWHUDFWLRQ�LQ�DQFHVWUDO�SULPDWHV��OHIW�VPDOO�RSHQ�

FLUFOH��JUDGXDOO\�H[SDQGHG�WKURXJK�WULDGLF�QLFKH�FRQVWUXFWLRQ��IRUPLQJ�WKDW�RI�PRGHUQ�KXPDQV��PLGGOH�ODUJHU�RSHQ�FLUFOH���7KH�UHFHQW�

H[SORVLRQ�RI�$,�WHFKQRORJLHV�PD\�LQ�WKH�IXWXUH�OLQN��VXEVLGL]H��DQG�UHSODFH�KXPDQ�EUDLQ�FDSDFLWLHV��XQLI\LQJ�GL൵HUHQW�QLFKHV�LQWR�D�

VLQJOH�LQWHUFRQQHFWHG�DUFKLWHFWXUH��ULJKW�¿OOHG�FLUFOH���$GRSWHG�ZLWK�SHUPLVVLRQ�IURP��%UHWDV�HW�DO���������)LJXUH����
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7KXV�� LQ� WKLV� ZD\�� WKH� SKDVH� RI� HYROXWLRQDU\�

PHFKDQLVPV�KDV�VKLIWHG�IURP�SDVVLYH�³QDWXUDO�VHOHFWLRQ´�

LQWR�DFWLYH�WULDGLF�QLFKH�FRQVWUXFWLRQ��ZKLFK�OHG�KXPDQ�

FRJQLWLYH��FRPPXQLFDWLYH��DQG�WHFKQRORJLFDO�FDSDFLWLHV�

IRU�FRQWLQXRXV�LQQRYDWLRQ�WKURXJKRXW�LWV�KLVWRU\��+XPDQ�

ODQJXDJH��ZKLFK�HPHUJHG�DPRQJ�WKHVH�LQWHUDFWLRQV�DQG�

FRQVWLWXWHG�DQ�DGGLWLRQDO�OD\HU�RYHU�WKH�H[LVWLQJ�DQLPDO�

SURWR�ODQJXDJH�OD\HU��)LJXUH��������ZRXOG�KDYH�PDGH�IRU�

D�SRZHUIXO�PHGLDWRU�LQ�VXFK�D�FRQWLQXRXVO\�DFFHOHUDWLQJ�

WULDGLF�QLFKH�FRQVWUXFWLRQ��,ULNL�	�7DRND���������

6HYHUDO�FULWLFDO�IDFWRUV�\HW�WR�EH�NQRZQ�LQFOXGH�KRZ�WKLV�

DFFHOHUDWHG�H[SDQVLRQ�H[FHHGHG�WKH�³WKUHVKROG�FDSDFLW\´�

IRU�WKH�HPHUJHQFH�RI�D�QRYHO�PRGH�RI�ODQJXDJH��KXPDQ�

PRGH��GHULYLQJ�IURP�DQG�LQ�DGGLWLRQ�WR�WKH�RULJLQDO�PRGH�

�DQLPDO�ODQJXDJH���DQG�ZKDW�VXFK�D�WKUHVKROG�ZDV�DQG�KRZ�

WKRVH�HPHUJHQFHV�RI�GLVFRQWLQXRXV�TXDOLWDWLYH�GL൵HUHQFHV�

KDYH�EHHQ� LQGXFHG�EDVHG�RQ�FRQWLQXRXV�TXDQWLWDWLYH�

GL൵HUHQFHV��7KH�DFFXPXODWLRQ�RI�NQRZOHGJH�WKURXJK�

DQLPDO�ODQJXDJH�VWXGLHV�LV�H[SHFWHG�WR�SURYLGH�DQ�LQVLJKW�

LQWR�WKLV�HPHUJHQW�SURSHUW\�

Note.�'LDJUDP�LOOXVWUDWLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�QHXUR��EUDLQ�FDSDFLW\��YHUWLFDO�D[LV���HYROXWLRQ�WLPHOLQH��KRUL]RQWDO�D[LV��QRW�

WR�VFDOH��ER[HV�UHSUHVHQW�GL൵HUHQW�W\SHV�RI�DQLPDO���SKDVH�WUDQVLWLRQV�RI�EUDLQ�PHFKDQLVPV��YHUWLFDO�GRWWHG�OLQHV���DQG�K\SRWKHWLFDO�

EUDLQ�FDSDFLW\�WKUHVKROGV��PLQLPXP�OHYHO�UHTXLUHG��IRU�WKH�HPHUJHQFH�RI�QRYHO�PRGHV�RI�ODQJXDJH��KRUL]RQWDO�GDVKHG�OLQHV���'XULQJ�

HYROXWLRQDU\�KLVWRU\��SKDVH�WUDQVLWLRQV�RI�EUDLQ�PHFKDQLVPV�RFFXUUHG�WZLFH�DQG�DQRWKHU�WKLUG�SKDVH�WUDQVLWLRQ�LV�H[SHFWHG�LQ�WKH�QHDU�

IXWXUH��)RU�PRVW�RI�WKH�WLPHOLQH��QDWXUDO�VHOHFWLRQ��ERWWRP�RI�JUDSK���D�SDVVLYH�FRPELQDWLRQ�RI�JHQHWLF�PXWDWLRQV�DQG�HQYLURQPHQWDO�

FKDQJHV��GRPLQDWHG�DV�WKH�PDLQ�HYROXWLRQDU\�IRUFH��7KH�¿UVW�SKDVH�WUDQVLWLRQ��WKH�DGGLWLRQ�RI�QHZ�IXQFWLRQDO�DUHDV�LQ�WKH�SULPDWH�

EUDLQ�IROORZLQJ�VL]H�LQFUHPHQWV��SUHFLSLWDWHG�TXDOLWDWLYH�FKDQJHV�LQ�WKH�PDQQHU�LQ�ZKLFK�SULPDWHV�LQWHUDFWHG�ZLWK�WKHLU�HQYLURQPHQW�

�,ULNL�	�7DRND���������,Q�XQLVRQ�ZLWK�PRUH�FRPSOH[�WRRO�GHYHORSPHQW��WKH�PHFKDQLVP�RI�WULDGLF�QLFKH�FRQVWUXFWLRQ��ERWWRP�ULJKW�

RI�WKH�JUDSK��DFFHOHUDWHG�FKDQJHV�LQ�WKH�KRPLQLG�HFRORJLFDO�QLFKH��VHFRQG�SKDVH�WUDQVLWLRQ���FRQVHTXHQWO\�EHFRPLQJ�DQ�DFWLYH�

   Figure 10.4. 

   Phase transitions of neuro-/brain capacity.
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HYROXWLRQDU\�IRUFH��7KLV�UHVXOWHG�LQ�D�VZLIW�LQFUHDVH�LQ�EUDLQ�FDSDFLW\��FUHDWLQJ�WKH�LGHDO�VXEVWUDWH�IRU�KXPDQ�ODQJXDJH�WR�GHYHORS�

�PLGGOH�JUD\�VKDGRZ��VHFRQG�WKUHVKROG���&RQWLQXRXV�LPSURYHPHQWV�LQ�HDUOLHU�WRRO�XVDJH�PDNLQJ��FRPPXQLFDWLRQ��DQG�FRJQLWLRQ�

�WRS�RI�JUDSK��DUH�HYHQWXDOO\�H[SHFWHG�WR�PHUJH�LQWR�D�XQL¿HG�DUFKLWHFWXUH�ZLWK�WKH�DLG�SHUKDSV�RI�$,��WKLUG�SKDVH�WUDQVLWLRQ���7KLV�

WUHQG�RI�EUDLQ�FDSDFLW\�LQFUHDVLQJ�LQ�WKH�QHDU�IXWXUH��WDNLQJ�KXPDQ�ODQJXDJH�WKURXJK�D�WKLUG�SKDVH�WUDQVLWLRQ��PD\�OHDG�WR�D�PRUH�

H൶FLHQW��DQG�VWLOO�XQNQRZQ��PRGH�RI�ODQJXDJH��WRS�JUD\�VKDGRZ�PDUNHG�³"´��WKLUG�WKUHVKROG���$GRSWHG�ZLWK�SHUPLVVLRQ�IURP��%UHWDV�

HW�DO���������)LJXUH����

,Q� KXPDQV�� UHFHQW� FKDQJHV� LQ� GLHW�� JHRJUDSKLFDO�

GLVSHUVLRQ��DQG�SRSXODWLRQ�GHQVLW\�KDYH�EHHQ�LQIHUUHG�DV�

WKH�PDLQ�FDXVHV�IRU�WKH�UHFHQW�UDSLG�VHOHFWLRQ�RI�PXOWLSOH�

JHQHV��VRPH�RI�ZKLFK�UHODWH�WR�ODFWRVH�GLJHVWLRQ�LQ�DGXOWV��

tolerance to temperature extremes, and disease resistance 

�/DODQG�HW�DO����������$V�HYROXWLRQDU\�SUHVVXUHV�PRXQWHG��

WKH�KRPLQLQ�EUDLQ�DOVR�HQODUJHG�UDSLGO\��*UDERZVNL��

������7RUUH\��������SS����±������±�����7KXV��WKH�EUDLQ�

LV�QRW�DQ�H[FHSWLRQ�WR�WKH�ELRORJLFDO�SULQFLSOH�WKDW�XVHIXO�

RUJDQV�HQODUJH�ZKHQ�VXSSOLHG�ZLWK�LQFUHDVHG�GHPDQGV�DQG�

UHVRXUFHV��VXFK�DV�WKH�QHHG�IRU�EHKDYLRUDO�SODVWLFLW\�FRXSOHG�

ZLWK�D�ULFKHU�GLHW��5LVND�	�$WFKOH\��������*UDERZVNL��

�������$V�WR�KRZ�VXFK�JHQHWLF�WUDLWV�FDQ�EH�VHOHFWHG�LQ�RQO\�

D�IHZ�JHQHUDWLRQV��H[WUDJHQRPLF�HYROXWLRQDU\�PHFKDQLVPV�

PD\�DFFRXQW�IRU�WKH�IDVW�UDWH�RI�FKDQJH�E\�H[SORLWLQJ�

ODWHQW�IHDWXUHV��7KH�GHYHORSPHQW�RI�ULFK�OLQJXLVWLF�FXOWXUDO�

GLYHUVLW\�DOORZHG�SRVW�1HROLWKLF�KXPDQV�WR�DGDSW�WR�VZLIWO\�

FKDQJLQJ�HFRORJLFDO�FRQGLWLRQV��5R൵HW�6DOTXH�HW�DO����������

QHZ�RSSRUWXQLWLHV�DURVH�IRU�JHQRPLF�DGDSWDWLRQ�EHFDXVH�

DXJPHQWHG�EHKDYLRUDO�SODVWLFLW\�SURYLGHG�D�EX൵HU�IRU�

QDWXUDO�VHOHFWLRQ�SURFHVVHV��&ULVSR��������:DGGLQJWRQ��

�������7KLV�SURFHVV�DOORZHG�IRU�WKH�UDSLG�FRORQL]DWLRQ�RI�

QRYHO�QLFKHV�DQG�GHPRJUDSKLF�H[SDQVLRQ��QDPHO\�JHQH�

FXOWXUH��ODQJXDJH��FRHYROXWLRQ�

The Third Phase Transition: An Ongoing Shift by 

$UWL¿FLDO�,QWHOOLJHQFH

$V�GHSLFWHG�LQ�WKH�SUHYLRXV�VHFWLRQV��WKH�KXPDQ�EUDLQ��

ZLWK�WKH�GLVWLQFW�FRUWLFDO�DUHDV�WKDW�FKDUDFWHUL]H�SULPDWH�

EUDLQV��WRJHWKHU�ZLWK�LWV�SURGXFWV��LQFOXGLQJ�FLYLOL]DWLRQ��

HFRQRP\��DQG�LQGXVWU\��DUH�DOO�VXEVHUYHG�E\�DQG�EDVHG�RQ�

WKH�³SULQFLSOH�RI�JURZWK´��0HDGRZV�HW�DO����������:KLOH�

HQYLURQPHQWDO�UHVRXUFHV�FRXOG�KDYH�EHHQ�UHDVRQDEO\�

UHJDUGHG�DV�LQ¿QLWH�ZKHQ�WKH�KXPDQ�SULPDWH�SRSXODWLRQ�

ZDV�VPDOO��ZH�KDYH�QRZ�EHFRPH�FRQVFLRXV�RI�WKH�³OLPLW�

RI�JURZWK´��0HDGRZV�HW�DO���������DIWHU�VXEVWDQWLDOO\�

H[SORLWLQJ� WHUUHVWULDO� UHVRXUFHV�DW� WKH�PDWXULW\�RI� WKH�

$QWKURSRFHQH��&UXW]HQ���������+RZHYHU��KXPDQV�FDQQRW�

EH�IUHH�IURP�WKH�³SULQFLSOH�RI�JURZWK´�DV�ORQJ�DV�WKH\�DUH�D�

SULPDWH�VSHFLHV��7KHUH�FRXOG�EH�D�ZD\�WR�VROYH�WKLV�SUREOHP�

E\�DSSO\LQJ�WKH�WKHRU\�RI�WULDGLF�QLFKH�FRQVWUXFWLRQ��,ULNL�	�

7DRND�������²L�H���WR�FUHDWH�QRYHO�GLPHQVLRQV�RI�PHQWDO�

VSDFH�ZLWK�DEVWUDFW�DQG�VSLULWXDO�D[HV�VXFK�DV�YDOXH��TXDOLW\��

RU�KDSSLQHVV��HQKDQFLQJ�WKH�KXPDQ�VHQVH�RI�D�XQL¿HG�VHOI�

WKH�VDPH�ZD\�DV�WKH�GHYHORSPHQW�RI�UHOLJLRQ��VHGXFWLRQ��

RU�HPSDWK\�GLG�ZKHQ�KXPDQV�GHYHORSHG�D�WKHRU\�RI�PLQG�

�0F1DPDUD��������SS��������������7RUUH\��������SS����±

������������7KLV�QRYHO�FRJQLWLYH�QLFKH�FRXOG�EH�H[SORLWHG�

WKURXJK� WKH� XVDJH� RI� KXPDQ� ODQJXDJH�EDVHG�PHQWDO�

IXQFWLRQV��&DVVLUHU���������

$QRWKHU�IXUWKHU�H൶FLHQW�DQG�SUDFWLFDO�ZD\�WR�RYHUFRPH�

WKH�OLPLW�RI�JURZWK�LV�WR�H[SDQG�VXFK�DEVWUDFW�QLFKHV�ZLWK�WKH�

DLG�RI�DUWL¿FLDO�LQWHOOLJHQFH��$,���7KH�UHFHQW�H[SORVLRQ�RI�$,�

WHFKQRORJLHV�KDV�DOUHDG\�EHJXQ�OLQNLQJ�ZLWK��VXEVLGL]LQJ��

DQG�VRPHWLPHV�HYHQ�UHSODFLQJ�KXPDQ�EUDLQV��,W�QRZ�VHHPV�

SRVVLEOH� WR�XQLI\�GL൵HUHQW�GRPDLQV�DFURVV�FRJQLWLRQ��

WHFKQRORJ\��DQG�HQYLURQPHQW�LQWR�D�VLQJOH�LQWHUFRQQHFWHG�

DUFKLWHFWXUH��)LJXUH��������WKHUHE\�DFFHOHUDWLQJ�WKH�VSHHG�

RI�WULDGLF�LQWHUDFWLRQV�FORVH�WR�DQ�LQ¿QLWH�OHYHO��,Q�WKLV�

DUFKLWHFWXUH��QRYHO�GLPHQVLRQV�WR�FRQVWLWXWH�DEVWUDFW�
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V\PEROLF�QLFKHV�ZLOO�EH�FRQVWUXFWHG�DQG�H[SORLWHG�WR�WKH�

WKHRUHWLFDO�H[WUHPLW\��%\�GLUHFWO\�H[WUDSRODWLQJ�WKH�OHVVRQV�

UHYLHZHG�RYHU�WKH�SUHYLRXV�VHFWLRQV�RQ�WKH�WUDQVLWLRQ�IURP�

DQLPDO�ODQJXDJH�WR�KXPDQ�ODQJXDJH��LW�FRXOG�QDWXUDOO\�EH�

DVVXPHG�WKDW�ZH�DUH�QRZ�LQ�WKH�PLGVW�RI�H[SHULHQFLQJ�D�

WKLUG�SKDVH�WUDQVLWLRQ��OHDGLQJ�WR�WKH�HYHQWXDO�H[FHHGLQJ�RI�

WKH�QH[W�WKUHVKROG�FDSDFLW\�RI�RXU�EUDLQ�IXQFWLRQ�UHTXLUHG�

IRU�WKH�QH[W�PRGH�RI�ODQJXDJH�WR�HPHUJH�LQ�WKH�QHDU�IXWXUH��

6XFK�D�QH[W�QRYHO�PRGH�RI�³ODQJXDJH´�PLJKW�EH�EDVHG�RQ�

LQ�VLOLFR�DOJRULWKPV�RU�SURJUDPPLQJ�RI�VRUWV�WR�EH�EXLOW�

RYHUOD\LQJ�WKH�EDVHV�RI�DQLPDO�DQG�KXPDQ�ODQJXDJHV�

�)LJXUH��������DVVLVWLQJ�KXPDQV�LQ�RYHUFRPLQJ�WKH�QDWXUDO�

OLPLWV�WKDW�JRYHUQHG�WKH�HYROXWLRQ�RI�WKH�EUDLQ�XQWLO�QRZ�

�'XQEDU��������SS�����±��������±�����

Conclusion

7KH�VHPDQWLF�ULFKQHVV�DQG�V\QWDFWLF�FRPSOH[LW\�RI�

KXPDQ�ODQJXDJH�IDU�H[FHHGV�WKDW�RI�WKH�FRPPXQLFDWLRQ�

DQG�FRJQLWLRQ�RI�QRQ�KXPDQ�DQLPDOV��PRVW�OLNHO\�GXH�

WR� WKH� YDVWQHVV� RI� WKH� KXPDQ� EUDLQ� �'XQEDU�� �������

+RZHYHU��IXQGDPHQWDO�EUDLQ�PDFKLQHU\�VXEVHUYLQJ�KXPDQ�

DQG�DQLPDO�OLQJXLVWLF�IXQFWLRQV�VKRXOG�VKDUH�FRPPRQ�

IXQGDPHQWDOV��ZKHUH�ODWHQW�FDSDFLWLHV�WKDW�OHDG�WR�VXFK�

TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GL൵HUHQFHV�VKRXOG�UHVLGH��

WKURXJK�SUHDGDSWDWLRQV�LQ�DQLPDO�EUDLQV�LQ�SUHFXUVRU\�

IRUPV��$�VXGGHQ�SKDVH�WUDQVLWLRQ�OLNH�H[SORVLYH�H[SDQVLRQ�

VHHPV�WR�KDYH�KDSSHQHG�LQ�WKH�SDOHROLWKLF�KRPLQLG�EUDLQ�

�)LJXUH�������(YROXWLRQ�GX�YROXPH�FpUpEUDO�GHV�+RPLQLGpV��

Q�G����ZKLFK�FRLQFLGHG�ZLWK�WKH�RQVHW�RI�PDNLQJ�DQG�XVLQJ�

YDULRXV�VWRQH�WRROV��7KLV�UDSLG�H[SDQVLRQ�ZRXOG�KDYH�GULYHQ�

WKH�KXPDQ�EUDLQ�WR�FURVV�D�SXWDWLYH�WKUHVKROG�FDSDFLW\�

UHTXLUHG�IRU�WKH�KXPDQ�PRGH�RI�ODQJXDJH�WR�HPHUJH��ZKLFK�

LV�WKRXJKW�WR�KDYH�FRHYROYHG�ZLWK�WKH�GHYHORSPHQW�DQG�

WUDQVPLVVLRQ�RI�VWRQH�WRRO�FXOWXUHV�

$V�VXPPDUL]HG�LQ�)LJXUH�������DQLPDO�SURWR�ODQJXDJH�

HPHUJHG�DV�D�UDWKHU�DGYDQFHG�FRPPXQLFDWLRQ�FRJQLWLRQ�

DELOLW\�ZKHQ�EUDLQ�VL]H�H[FHHGHG�WKH�¿UVW�WKUHVKROG�FDSDFLW\�

GXULQJ�LWV�JUDGXDO�H[SDQVLRQ�WKURXJK�QDWXUDO�VHOHFWLRQ��

7KHUHDIWHU��EUDLQ�VWUXFWXUHV�DQG�IXQFWLRQV�VXEVHUYLQJ�

ODQJXDJH�IDFXOWLHV�ZHQW�WKURXJK�WZR�SKDVH�WUDQVLWLRQV�

�¿UVW�DQG�VHFRQG�SKDVH�WUDQVLWLRQV��LQ�WKH�DQLPDO�SURWR�

ODQJXDJH�SHULRG� �ORZHU� VKDGHG�EORFN��ZKHQ�JUDGXDO�

H[SDQVLRQ�FRQWLQXHG��ZLWK�VRPH�VSHFLHV�H[KLELWLQJ�WRRO�

XVLQJ�DELOLWLHV��7KH�¿UVW�SKDVH�RFFXUUHG�ZKHQ�WKH�SULPDWH�

EUDLQ� �LQ�ZKLFK� WKH�PRGH�RI�EUDLQ�H[SDQVLRQ�VKLIWHG�

WR� DOORZ�DGGLWLRQDO�QHZ�EUDLQ� DUHDV� WR� HPHUJH�XSRQ�

H[SDQVLRQ��DUURZ�LQ�)LJXUH�������HQFRXQWHUHG�WRRO�XVDJH�

E\�DQFHVWUDO�KRPLQLGV��7KH�VHFRQG�SKDVH�KDSSHQHG�ZKHQ�

WKH�HYROXWLRQDU\�PHFKDQLVPV��IRUPHUO\�SDVVLYH�QDWXUDO�

VHOHFWLRQ��VKLIWHG�LQWR�D�QRYHO�PRGH�RI�DFWLYH�WULDGLF�QLFKH�

FRQVWUXFWLRQ²LQWHUDFWLYHO\�DFFHOHUDWHG�H[SDQVLRQ�RI�

QHXUDO�EUDLQ��FRJQLWLYH��DQG�HQYLURQPHQWDO�QLFKHV��7KLV�

UHVXOWHG�LQ�DQ�H[SORVLYH�LQFUHDVH�LQ�EUDLQ�VL]H�GXULQJ�

ZKLFK�WKH�WKUHVKROG�EUDLQ�FDSDFLW\�IRU�KXPDQ�ODQJXDJH�
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