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1. The return of the concept of organism

AIWHU�WKH�GLVFRYHU\�RI�WKH�'1$�LQ�WKH�����¶V����WK�FHQWXU\�ELRORJ\�
focused on the concept of the gene. In the 21st century, howev-

er, the concept of organism is regaining its primary role in biological 

thought. At present there is a rapidly growing literature verifying that 

living beings are able not only to deeply reorganize themselves but also 

to modify their genomes [Shapiro 2011; Sultan 2015; Jablonka 2017]. 

7KH�HPHUJHQFH�RI�D�WKHRU\�RI�RUJDQLVP�UHTXLUHV��KRZHYHU��¿UVW�WKH�HODE-

oration of a logic of organismic causality that proceeds from organismic 

phenomenality. In the following I will attempt to outline what I label 

³ORJLF�RI�RUJDQLVPV �́�,Q�RUGHU�WR�DFKLHYH�WKLV�DLP�,�ZLOO�¿UVW�WU\�WR�DUWLF-
XODWH�D�³ORJLF�RI�PHFKDQLVPV´�EHFDXVH�LW�FRQVWLWXWHV�D�VKDUS�FRQWUDVW�WR�
WKH�³ORJLF�RI�RUJDQLVPV �́

2. Mechanisms as a form of explanation

)RU�GHFDGHV��&DUO�+HPSHO¶V�WKHRU\�RI�H[SODQDWLRQ�ZDV�WKH�EDFNERQH�RI�
WKHRUL]LQJ�DERXW� H[SODQDWLRQ�� ,Q� FRQWHPSRUDU\�SKLORVRSK\�RI�ELRORJ\�
WKHUH� LV� EURDG� FRQVHQVXV� WKDW� WKH� H[SODQDWLYH� UHOHYDQFH� RI� ELRORJLFDO�
PRGHOLQJ�FDQQRW�EH�FDSWXUHG�E\�+HPSHO¶V�DFFRXQW��$V�©OLIH�VFLHQWLVWV�
commonly seek to uncover the mechanism responsible for the phenom-

HQRQ�RI�LQWHUHVWª��LQ�WKH�OLIH�VFLHQFHV�SKHQRPHQD�DUH�H[SODLQHG�E\�mech-
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anisms� >%HFKWHO�et al�����������@��/HDGLQJ�DGYRFDWHV�RI�ZKDW� LV�RIWHQ�
GHVFULEHG�DV�³1HZ�0HFKDQLFDO�3KLORVRSK\´�RU�³1HZ�0HFKDQLVP´�DU-
JXH�WKDW�LQ�PDQ\�¿HOGV�RI�VFLHQFH�ZKDW�LV�FRQVLGHUHG�D�VDWLVIDFWRU\�H[-
planation requires providing a description of a mechanism. The gener-

ation of a phenomenon by a mechanism is demonstrated by a model. In 

systems biology it is always a computer simulation that shows how the 

([SODQDQGXP�UHVXOWV�IURP�D�PDWKHPDWLFDO�PRGHO�FRQVLVWLQJ�W\SLFDOO\�
RI�GL൵HUHQWLDO�HTXDWLRQV�>%ULJDQGW����������@��$W�WKH�SUHVHQW�FRPSXWHU�
simulations of both small and large systems of equations are considered 

PHFKDQLVWLF�H[SODQDWLRQV��&RPSOH[�PDWKHPDWLFDO�PRGHOV�FRQVLVWLQJ�RI�
FRXSOHG�GL൵HUHQWLDO�HTXDWLRQV�KDYH�EHHQ�LQWURGXFHG�DPRQJ�RWKHU�WKLQJV�
IRU�WKH�FRPSXWDWLRQ�RI�WKH�FHOO�F\FOH�>H�J��.DUU�et al. 2012], genetic and 

metabolic oscillations, signal pathways within and between cells, and 

the prediction of the development of spatial patterns during embryonic 

PRUSKRJHQHVLV�>0XUUD\�������0HLQKDUGW�	�*LHUHU�����@��0DWKHPDWLFV�
KDV�EHFRPH�LQGLVSHQVDEOH�LQ�FRQWHPSRUDU\�ELRORJLFDO�H[SODQDWLRQV�

3. Logic of (biological) mechanisms

6\VWHPV� ELRORJLVWV� HPSOR\� D� YDULHW\� RI� GL൵HUHQW�PHWKRGV� GHSHQGLQJ�
on the problem to be solved. Systems biologists who model organis-

PLF�SURFHVVHV�DV� V\VWHPV�RI�GL൵HUHQWLDO�HTXDWLRQV�RIWHQ� IRFXV�RQ� WKH�
modeling of the dynamics of genetic, metabolic and signal pathways.1 

They also study the behavior of larger network systems constituted by 

coupling these pathways, such as might occur in embryogenesis.2 From 

WKHLU�SHUVSHFWLYH��WKH�¿QDO�VWDWH�GLUHFWHGQHVV�RI�HPEU\RJHQHVLV��FHOO�F\-

FOH��DQG�RWKHU�¿QDO�VWDWH�GLUHFWHG�SKHQRPHQD�LV�WKHUHE\�UHGXFHG�WR�WKH�
G\QDPLFV�RI�HQRUPRXVO\�FRPSOH[�V\VWHPV�RI�SRVLWLYHO\�DQG�QHJDWLYHO\�
coupled biomolecular reactions, represented by positive and negative 

feedback loops in the corresponding diagrams.

In order to demonstrate how this approach works, I will introduce 

DQ�H[HPSODU\�FDVH�RI�WKH�PDWKHPDWLFDO�DQDO\VLV�RI�D�ELRORJLFDO�V\VWHP�
LPSOHPHQWHG� ZLWK� GL൵HUHQWLDO� HTXDWLRQV�� 7LPRWK\� *DUGQHU�� &KDUOHV�

1  Tyson et al��������0XUUD\�������9DQ�+RHN������
2  Meinhardt 2003; Panning et al��������0XUUD\�������.DUU�et al. 2012.
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Cantor, and James Collins presented a model for the mutual regulation 

of the activity of two genes. This model is often considered a milestone 

RI�V\QWKHWLF�ELRORJ\�>*DUGQHU�et al������@��%RWK�JHQHV�WUDQVFULEH�D�VR�
called repressor protein which blocks the activity of the other gene, so 

that both genes inhibit each other. The dynamics of this system consists 

of two interwoven causal relationships that can be described by two 

TXDQWLWLHV��8� DQG�9��ZKLFK� DUH� DVVRFLDWHG�ZLWK� WKH� FRQFHQWUDWLRQV� RI�
each repressor protein respectively. The variation of the concentrations 

RI�ERWK�SURWHLQV�FDQ�EH�UHSUHVHQWHG�E\�WZR�FRXSOHG�GL൵HUHQWLDO�HTXD-
WLRQV�>*DUGQHU�et al. 2000, 339].

� �IRUPXOD��� 
 

 

� �IRUPXOD���

7KH�TXDQWLWLHV�8�DQG�9�DUH�variables because their values change with 

time. In modeling, the temporal behavior of variables represents the phe-

QRPHQRQ�WR�EH�H[SODLQHG��,Q�RWKHU�ZRUGV��WKH�YDOXHV�RI�WKH�YDULDEOHV�DUH�
WKH�([SODQDQGXP��7KH�TXDQWLWLHV�Į

1
��Į

2
��ȕ�DQG�Ȗ�DUH�parameters. Their 

YDOXH�LV�GHWHUPLQHG�E\�WKH�H[SHULPHQWHUV��,W�LV�LPSRUWDQW�WR�NHHS�LQ�PLQG�
that the dynamics of the system is not merely the result of the time-de-

SHQGHQW�YDULDEOHV�8�DQG�9��EXW�GHSHQGV�DOVR�RQ�WKH�YDOXH�RI�WKH�IRXU�SD-
UDPHWHUV�Į

1
��Į

2
��ȕ�DQG�Ȗ�ZKLFK�FDQnot�EH�YDULHG�E\�WKH�V\VWHP¶V�G\QDPLFV��

&HUWDLQ�FRPELQDWLRQV�RI�WKH�IRXU�SDUDPHWHUV�OHDG�WR�D�VSHFL¿F�EHKDYLRU�RI�
WKH�V\VWHP��L�H��WR�VSHFL¿F�G\QDPLFV�RI�WKH�YDULDEOHV�8�DQG�9�

Parameters are either constants or entail many constants the val-

XH�RI�ZKLFK�FDQQRW�EH�YDULHG�E\�WKH�V\VWHP¶V�G\QDPLFV��,Q�PRVW�FDVHV�
all parameters are preset by the model makers and are held constant 

LQ�H[SHULPHQWV�ZLWK�UHDO�RUJDQLVPV�DQG�FRUUHVSRQGLQJ�FRPSXWHU�VLP-

ulations. In other words, SDUDPHWHUV�DUH�H[WHUQDOO\�¿[HG� IDFWRUV� WKDW�
cannot be varied by the system’s own dynamics. The reason for this is 

that those quantities canalize the development of the time-dependent 

variables so that they are logical presuppositions of the systems possible 
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G\QDPLFV��7KH�SDUDPHWHUV�DUH�DQ�LPSRUWDQW�SDUW�RI�WKH�([SODQDQV�
$�IHZ�\HDUV�DJR��YDQ�+RHN�VXJJHVWHG�D�PHWDEROLF�SDWKZD\�PRGHO�

for the behavior of the bacterium Escherichia coli. Following the same 

methodology as that of the authors introduced above, he employed ten 

FRXSOHG�GL൵HUHQWLDO�HTXDWLRQV�IRU�WKH�VROXWLRQ�RI�ZKLFK�KH�XVHG����SD-
UDPHWHUV�>9DQ�+RHN�������������������@��,Q�WKH�ODVW�GHFDGH��VHYHUDO�UH-

search groups performed computer simulations of whole cells. A model 

RI�WKH�FHOO�F\FOH�RI�\HDVW�RSHUDWLQJ�ZLWK�GL൵HUHQWLDO�HTXDWLRQV�ZDV�SXE-

lished a few years ago [Panning et al. 2007]. In this model the yeast cell 

is reduced to 36 state variables. For their computation the model makers 

use 143 parameters. So, on average for the computation of one variable 

they use four parameters.

Systems biological models share an essential feature: They operate 

on the same implicit�DVVXPSWLRQ�DERXW�WKH�UROHV�RI�GL൵HUHQW�causal fac-
tors – variables, parameters, and equations – in dynamics of biological 

systems. For the purpose of this essay, this is the most important feature 

of those methods.

,�XVH�WKH�WHUP�³FDXVDO�IDFWRUV´�WR�UHIHU�WR�DOO�IDFWRUV�WKDW�FRQWULEXWH�
WR�WKH�GHWHUPLQDWLRQ�RI�D�G\QDPLF�V\VWHP¶V�GHYHORSPHQW��,Q�ZKDW�IRO-
ORZV�,�ZLOO�XVH�WKH�JHQHULF�WHUP�³IDFWRUV´�WR�UHIHU�WR�FDXVDO�IDFWRUV��,Q�
formal models used in both physics and systems biology there are two 

FOHDUO\�GLVWLQFW�NLQGV�RI�IDFWRUV�DW�ZRUN��LQWULQVLF�DQG�H[WULQVLF�RQHV�
Intrinsic factors of formal models include those factors which are 

JHQHUDWHG�E\�WKH�V\VWHP¶V�G\QDPLFV�LWVHOI��7KH\�DUH�WKH�WLPH�GHSHQGHQW�
values of the variables. In formulas 1 and 2 the changing values of U 

DQG�9�DUH�WKH�RQO\�LQWULQVLF�IDFWRUV�
Extrinsic factors of formal models include all the factors that con-

tribute to the generation of intrinsic factors but are not� LQÀXHQFHG�E\�
any intrinsic dynamics, i.e., the respective state of the system. Parame-

WHUV��VXFK�DV�WKH�TXDQWLWLHV�Į
1
��Į

2
��ȕ��DQG�Ȗ�DUH�H[WULQVLF�IDFWRUV�

,Q� WKLV� HVVD\�� ³LQWULQVLF´�PHDQV� ³GHSHQGHQW� XSRQ� G\QDPLFV´� DQG�
³H[WULQVLF´�PHDQV�³LQGHSHQGHQW�RI�G\QDPLFV �́

,Q�WKH�IRUPDOLVPV�RI�V\VWHPV�ELRORJ\�WKH�PRVW�FRPSOH[�IDFWRUV�DUH�
described by the GLৼHUHQWLDO�HTXDWLRQV or the systems of coupled dif-
ferential equations��H�J��IRUPXODV���DQG����ZKLFK�GHWHUPLQH�WKH�YDULD-
tion of the variables. Those systems of equations are relations between 
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WKH� OHVV�FRPSOH[� LQWULQVLF�DQG�H[WULQVLF� IDFWRUV�� L�H�� WKH�YDULDEOHV�DQG�
the parameters. In contemporary formalisms, the formal structures are 

QRW�LQÀXHQFHG�E\�WKH�V\VWHP¶V�FKDQJH�RI�VWDWHV��7KH\�DUH�VWDWLF��ZKLFK�
FOHDUO\�TXDOL¿HV�WKHP�DV�H[WULQVLF�IDFWRUV��$V�UHODWLRQV�EHWZHHQ�VLPSOHU�
factors, they can be characterized as second-order extrinsic factors. 
Analogously, variables can be understood as ¿UVW�RUGHU� LQWULQVLF� IDF-
tors and parameters as ¿UVW�RUGHU�H[WULQVLF�IDFWRUV. A system of coupled 

GL൵HUHQWLDO�HTXDWLRQV�VXFK�DV�WKH�V\VWHP�FRQVLVWLQJ�RI�IRUPXODV���DQG����
LV�D�VLQJOH�LQGLYLVLEOH�VHFRQG�RUGHU�H[WULQVLF�IDFWRU�

7KHUH�LV�DQ�HVVHQWLDO�GL൵HUHQFH�EHWZHHQ�¿UVW�RUGHU�LQWULQVLF�IDFWRUV�
RQ� WKH� RQH� KDQG� DQG� ¿UVW�� DQG� VHFRQG�RUGHU� H[WULQVLF� IDFWRUV� RQ� WKH�
other: Whereas new values of the variables are continuously generated, 

DOO�H[WULQVLF�IDFWRUV�DUH�XVXDOO\�KHOG�FRQVWDQW�GXULQJ�DQ�H[SHULPHQW�RU�
D�FRPSXWHU�VLPXODWLRQ�RI�D�SURFHVV��,Q�RWKHU�ZRUGV��DOO�H[WULQVLF�IDFWRUV�
are static.

,Q�WKH�PRGHOV�RI�V\VWHPV�ELRORJ\�WKH�QXPEHU�RI�¿UVW�RUGHU�H[WULQVLF�
IDFWRUV�DUH�VHYHUDO�WLPHV�WKH�QXPEHU�RI�WKH�¿UVW�RUGHU�LQWULQVLF�RQHV�

4. Logic of organisms

7KH�GLVWLQFWLRQ�EHWZHHQ�LQWULQVLF�DQG�H[WULQVLF�IDFWRUV�FDQ�EH�DSSOLHG�WR�
RUJDQLVPV�DV�ZHOO�LI�WKH�WHUPV�³LQWULQVLF´�DQG�³H[WULQVLF´�DUH�LQWHUSUHWHG�
DV�³GHSHQGHQW�XSRQ�G\QDPLFV´�DQG�³LQGHSHQGHQW�IURP�G\QDPLFV´�UH-

spectively, as introduced above. First-order intrinsic organismic factors 

are all material and energetic quantities generated by an organism that 

KDYH�DQ�H൵HFW�RQ�LWV�G\QDPLFV��VXFK�DV�WKH�FRQFHQWUDWLRQ�RI�UHJXODWR-

ry proteins, scleroproteins, hormones, ATP molecules etc. This cate-

JRU\�LQFOXGHV�DOVR�HQYLURQPHQWDO�IDFWRUV�WKDW�WKH�RUJDQLVP�LQÀXHQFHV�
in order to improve the conditions of its life. In this sense, regulated 

DWPRVSKHULF�KXPLGLW\�DQG�URRP�WHPSHUDWXUH�DUH�¿UVW�RUGHU�LQWULQVLF�RU-
JDQLVPLF�IDFWRUV�DV�ZHOO��)LUVW�RUGHU�H[WULQVLF�RUJDQLVPLF�IDFWRUV�DUH�DOO�
IDFWRUV�WKDW�LQÀXHQFH�EXW�DUH�QRW�D൵HFWHG�E\�DQ�RUJDQLVP¶V�G\QDPLFV��
Those factors include initial conditions, such as the parental genetic 

constitution and the environment of a zygote at the time of its ferti-

lization, fundamental laws of nature that determine physicochemical 

processes, and environmental conditions that cannot be changed by or-
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ganismic activity, such as gravitation, radioactivity, geological process-

es, solar activity, and the forms and quantities of available energy and 

PDWWHU��+RZHYHU��RQH�RI�WKH�PRVW�HVVHQWLDO�FKDUDFWHULVWLFV�RI�OLIH�LV�WKDW�
WKH�ERUGHUOLQH�EHWZHHQ�¿UVW�RUGHU�LQWULQVLF�DQG�H[WULQVLF�IDFWRUV�LV�ÀX-

HQW��(VSHFLDOO\�GXULQJ�HYROXWLRQ�RI�LQWHOOLJHQFH�VRPH�RI�WKH�H[WULQVLF�HQ-

vironmental factors just mentioned have been transformed to intrinsic 

ones. The idea of second-order factors applies also to organisms, as we 

ZLOO�VHH�VKRUWO\��+RZHYHU��UHDO�RUJDQLVPV�GR�QRW�REH\�WKH�ORJLF�RI�PHFK-

anisms for two reasons: First, in sharp contrast to those mechanisms, 

organisms are able to change the value of most quantities that in sys-

tems biology models are represented by parameters. In contrast to these 

contemporary biological formalisms, in real organisms the number of 

H[WULQVLF� IDFWRUV� LV� RQO\� D� WLQ\� IUDFWLRQ� RI� WKH� QXPEHU� RI� DOO� G\QDP-

LF�TXDQWLWLHV��,Q�RWKHU�ZRUGV��LQ�UHDO�RUJDQLVPV�WKH�QXPEHU�RI�¿UVW�RU-
GHU�LQWULQVLF�IDFWRUV��YDULDEOHV��H[FHHGV�E\�PDQ\�WLPHV�WKH�QXPEHU�RI�
¿UVW�RUGHU�H[WULQVLF�RQHV��SDUDPHWHUV���Second, during growth, regener-

ation, and re-adaptation of unicellular and multi-cellular organisms and 

in the embryogenesis of the latter a vast array of new sorts of proteins 

is synthesized. This requires that the material constitution of each real 

organism is permanently subject to change. As a result, the structure 

of an organism is a sequence of permanently generated new relations 

EHWZHHQ�LWV�RZQ�¿UVW�RUGHU�LQWULQVLF�DQG�H[WULQVLF�IDFWRUV��ZKLFK�LQ�FXU-
UHQW�V\VWHPV�ELRORJLFDO�IRUPDOLVPV�DUH�UHSUHVHQWHG�E\�V\VWHPV�RI�¿[HG�
GL൵HUHQWLDO�HTXDWLRQV��H�J��IRUPXODV���DQG�����$V�QRWHG�DERYH��LQ�FXUUHQW�
ELRORJLFDO�IRUPDOLVPV�WKRVH�V\VWHPV�RI�HTXDWLRQV�DUH�VHFRQG�RUGHU�H[-
trinsic factors. In contrast, even in primitive unicellular organisms, re-

ODWLRQV�EHWZHHQ�ERWK�NLQGV�RI�¿UVW�RUGHU�IDFWRUV�DUH�WKHPVHOYHV�LQWULQVLF�
factors. This is the case, since, on the one side, they are permanently 

YDULHG� E\� WKH� RUJDQLVP¶V� G\QDPLFV�� HYHQ� WKRXJK� LQ� VRPH� FDVHV� RQO\�
slightly, and, on the other side, they canalize this dynamics. Embryonic 

SURFHVVHV�GLVSOD\�DQ�HYHQ�PRUH�UDGLFDO�G\QDPLFV��$�V\VWHP�RI�GL൵HUHQ-

tial equations representing the development of an embryo would have 

to undergo a transformation that is so radical that not only most of its 

parameters would have to be replaced by variables but also that formal 

V\VWHP¶V�VWUXFWXUH�±�L�H���IRUP�DQG�QXPEHU�RI�WKH�HTXDWLRQV�WKHPVHOYHV�
– would have to be subjects to permanent radical variation until matu-
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rity is reached. To put it in a nutshell: In real organisms second-order 

factors are necessarily intrinsic factors or, in other words, there are no 

VHFRQG�RUGHU�H[WULQVLF�IDFWRUV�LQ�UHDO�RUJDQLVPV�>.RXWURX¿QLV�����@�

5. Individual self

7KH� WHUP�³VHFRQG�RUGHU� LQWULQVLF� IDFWRU´� UHIHUV� WR� WKH�G\QDPLFDO� DQG�
plastic self-perpetuating structure of the organism. In other words, it 

GHVLJQDWHV�D�OLYLQJ�EHLQJ¶V�PRVW�IXQGDPHQWDO�RUJDQL]LQJ�SULQFLSOH��$OO�
aspects of its material and energetic constitution are organized around 

the maintenance and perpetuation of this form of organization. In a 

paper published with Terrence W. Deacon I suggest that «a dynamical 

process organized in such a way that it minimizes the probability that 

its organization will be lost» may be labeled a self [Deacon et al. 2014, 

���@��%DVHG�RQ�WKLV�SURFHVVXDO�XQGHUVWDQGLQJ�RI�VHOIKRRG��D�VHFRQG�RU-
GHU�LQWULQVLF�IDFWRU�FDQ�EH�FKDUDFWHUL]HG�DV�D�³VHOI �́�$�VHOI�LV�D�SURFHVV�
that reinforces the synergistic relationship between its elements.3 The 

organismic self is «a form of individuality» [Deacon 2012, 309] be-

FDXVH�LQ�DQ\�VHFRQG�RUGHU�LQWULQVLF�IDFWRU�WKH�UHODWHG�¿UVW�RUGHU�LQWULQVLF�
DQG�H[WULQVLF�IDFWRUV�EHFRPH�LQH[WULFDEO\�LQWHUZRYHQ�VR�WKDW�WKH�ZKROH�
self-determining process cannot be physically divided into more ele-

mentary processes.4 The individuality of the second-order intrinsic pro-

FHVV�LV�GXH�WR�WKH�LQH[WULFDEOH�FDXVDO�LQWHUZHDYHPHQW�RI�LWV�SHUPDQHQWO\�
RFFXUULQJ�¿UVW�RUGHU�SURFHVVHV�

A very widespread position in the writings of contemporary bio-

scientists and philosophers of biology who subscribe to a form of ma-

WHULDOLVP� WKDW� FRXOG� EH� GHVFULEHG� DV� ³VFLHQWL¿F� PDWHULDOLVP´� LV� WKDW�
organismic dynamics is canalized by constraints. Deacon thinks that 

©VHOI�LV�GH¿QHG�E\�FRQVWUDLQWVª�>'HDFRQ����������@�DQG�DVFULEHV�ZKDW�
KH� ODEHOV� WKH�©UHÀHFWLYH� LQGLYLGXDWLRQª�RI� WKH�RUJDQLVP� WR�D�©VSHFLDO�
form of closure» [Deacon 2012, 468]. In his highly sophisticated book 

Incomplete Nature, he claims that organismic order and individuality 

3  According to Deacon a self is a synergy of parts that reinforces their synergistic 

relationship [Deacon 2012, 469].

4  See also Deacon 2012, 469.
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emerge from the canalizing causal action that interwoven dynamical 

FRQVWUDLQWV�PXWXDOO\�H[HUW�RQ�HDFK�RWKHU��0DsO�0RQWpYLO��0DWWHR�0RV-
VLR��DQG�$OYDUR�0RUHQR�GH¿QH�FRQVWUDLQWV�DV�©FRQWLQJHQW�FDXVHV��H[-
HUWHG�E\�VSHFL¿F�VWUXFWXUHV�RU�G\QDPLFV��ZKLFK�UHGXFH�WKH�GHJUHHV�RI�
freedom of the system on which they act» [Montévil & Mossio 2015, 

181], so that «they simplify its description, and contribute to provide an 

DGHTXDWH�H[SODQDWLRQ�RI�LWV�EHKDYLRXU��ZKLFK�ZRXOG�RWKHUZLVH�UHPDLQ�
underdetermined» [Mossio & Moreno 2010, 271]. Mossio and Moreno 

argue that organisms «maintain themselves […] through a self-main-

taining organization of constraints» [Mossio & Moreno 2010, 276] each 

RI�ZKLFK�H[HUWV�D�FDXVDO�LQÀXHQFH�RQ�WKH�JHQHUDWLRQ�RI�RWKHU�FRQVWUDLQWV�
ZKLOH�LWV�RZQ�JHQHUDWLRQ�LV�UHFLSURFDOO\�LQÀXHQFHG�E\�VRPH�RI�WKHP�VR�
that the whole system of constraints achieves «organizational closure» 

[Mossio & Moreno 2010, 277, 275-280; Montévil & Mossio 2015, 186f.]. 

While these authors do not reduce organisms to organizational closure, 

they claim that the latter «can be taken as an essential mark of living 

organisms» [Mossio & Moreno 2010, 285].

Although I do not doubt the importance of constraints, I think that 

there are good reasons for not attributing an essential role to constraints 

within our understanding of organisms. My skepticism is due to the 

IDFW�WKDW�DQ\�VFLHQWL¿F�H[SODQDWLRQ�RI�RUJDQLVPV�DUWLFXODWHG�E\�D�IRUPDO�
model that allows a quantitative description of the organismic dynam-

LFV��H�J��SUHGLFWLRQ�RI�YDULDEOHV��cannot forgo mechanisms. This is true 

regardless of whether the model is based on organizational closure or 

any other possible form of constraint-based organization. This means, 

however, that as soon as constraint-based organization is translated into 

a formal language, it must be described in mechanistic terms and is thus 

necessarily subject to the logic of mechanisms. Even if a future model 

of organizational closure that goes far beyond what is imaginable today 

succeeds in computing all constraints, the computation will necessarily 

HPSOR\�SDUDPHWHUV�DQG�WKXV�¿UVW�RUGHU�extrinsic factors that it cannot 

JHQHUDWH�DXWRQRPRXVO\��2EYLRXVO\��LQVRIDU�DV�WKHVH�H[WULQVLF�IDFWRUV�DFW�
as constraints on the computation of variables, this model of organismic 

dynamics is not organizationally closed. In other words, organization-

ally-closed systems of constraints are nothing but attractive narrations 

that might be possible within natural languages but immediately col-
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lapse as soon as they are articulated in formal languages that operate 

with mechanisms. For this reason, I think that an alternative under-

standing of organismic selfhood must be developed which is based on 

metaphysical assumptions that are alien to contemporarily established 

VFLHQWL¿F�PDWHULDOLVP�
%HIRUH�XQGHUWDNLQJ�VXFK�DQ�DWWHPSW�LW�LV�LPSRUWDQW�WR�FRQVLGHU�WKDW�

there is a «critical but contingent relationship between selves and phys-

LFDO�ERXQGDULHVª�WKDW�FRPSOLFDWHV�WKH�LGHQWL¿FDWLRQ�RI�ELRORJLFDO�VHOYHV�
[Deacon 2012, 471]. Since any living being maintains itself through a 

VHOHFWLYH� H[FKDQJH�ZLWK� LWV� HQYLURQPHQW��ZH�PXVW� EHDU� LQ�PLQG� WKDW�
«[t]he organism is not a solitary, self-creating artist» [Wolfe 2010, 206]. 

+HQFH��DQ\�DGHTXDWH�WKHRU\�RI�RUJDQLVPLF�VHOIKRRG�DQG�LQGLYLGXDOLW\�
must necessarily be an organism-environment theory.

6. Umwelt

An organism incorporates within its organization information about 

those aspects of its environment that are relevant to its self-perpetuation 

DQG�UHSURGXFWLRQ��7KLV�LQIRUPDWLRQ�LV�HPERGLHG�LQ�WKH�VSHFL¿F�RUJDQL-
zation of the set of processes that maintain organismic integrity with re-

VSHFW�WR�SRWHQWLDOO\�EHQH¿FLDO�RU�KDUPIXO�DVSHFWV�RI�LWV�HQYLURQPHQW��,Q�
������-DNRE�YRQ�8H[N�OO�LQWURGXFHG�WKH�WHUP�Umwelt referring to those 

IHDWXUHV�RI�D�OLYLQJ�EHLQJ¶V�HQYLURQPHQW�WR�ZKLFK�LW�LV�VHQVLWLYH�>8H[-
N�OO�����@��,Q�RWKHU�ZRUGV��Umwelt refers to those features of a living 

EHLQJ¶V�VXUURXQGLQJV�WKDW�DUH�PHDQLQJIXO�WR�LW��7KHUHIRUH�Umwelt may 

EH�WUDQVODWHG�DV�³PHDQLQJIXO�HQYLURQPHQW �́�7KH�FUHDWLRQ�RI�D�VHOI�RWKHU�
boundary by the organism incorporates a representation of its Umwelt 
[Deacon et al. 2014, 417]. Umwelt and self are two sides of the same 

FRLQ��7KLV�LV�FKDUDFWHUL]HG�E\�ELRVHPLRWLFLDQ�.DOHYL�.XOO¶V�WUDQVODWLRQ�
of Umwelt�DV�©VHOI�FHQWHUHG�ZRUOGª�>.XOO��������������@�

8H[N�OO¶V�ZRUN�GHVHUYHV�SDUWLFXODU�DWWHQWLRQ�EHFDXVH�KH�QRW�RQO\�
created an organism-environment theory but anchored it in the philoso-

SK\�RI�,PPDQXHO�.DQW�ZKLFK�FOHDUO\�GRHV�QRW�VXEVFULEH�WR�D�PHWDSK\V-
LFV�RI�VFLHQWL¿F�PDWHULDOLVP��2I�FRXUVH��WKLV�DSSOLHV�DOVR�WR�WKH�WKHRULHV�
RI�RWKHU�VHPLQDO�WKLQNHUV�RI�WKH�ODVW�FHQWXU\��VXFK�DV�%HUJVRQ��:KLWH-

KHDG��DQG�-RQDV��+RZHYHU��8H[N�OO�VXFFHHGHG�PRUH�WKDQ�DQ\ERG\�HOVH�
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in the elaboration of an organism-environment theory that is grounded 

both philosophically and biologically.

8H[N�OO�FRQVLGHUV�DQLPDOV�subjects, which in virtue of their struc-

ture select stimuli within their surroundings and respond to each in a 

VSHFL¿F�ZD\��7KH�VWLPXOL�EXLOG�©FHUWDLQ�LQGLFDWLRQV�>Merkmale], which 

enable the animal to guide its movements, much as the signs at sea 

HQDEOH�WKH�VDLORU�WR�VWHHU�KLV�VKLSª�>8H[N�OO����������@��0DQ\�LQGLFD-
tions are merged together into coherent units that occupy a moment 

DQG� D� SODFH� RU� D� GLUHFWLRQ� LQ� VSDFH� >8H[N�OO� ������ ���� �����@�� 8H[-
N�OO�FDOOV�WKHP�³WKLQJV´��Dinge���7KRVH�XQLWV�DUH�LQVWDQWDQHRXV�GDWD�RI�
H[SHULHQFH��³7KLQJV´�DUH�HYHQWV�UDWKHU�WKDQ�SHUVLVWHQW�HQWLWLHV��$QLPDO�
DQG�KXPDQ�VXEMHFWV�V\QWKHVL]H�WKHP�XQFRQVFLRXVO\�>8H[N�OO���������@��
7KH�XQFRQVFLRXV�FUHDWLYH�SURFHVV�DOVR�FUHDWHV�PRUH�FRPSOH[�FRJQLWLYH�
HQWLWLHV�±�³REMHFWV´��Objekte���$Q�REMHFW� LV�DQ�HQGXULQJ�WKLQJ��D� WKLQJ�
H[WHQGHG�LQ�WLPH��,W�LV�DQ�HQGXULQJ�VHTXHQFH�RI�GDWD�RI�H[SHULHQFH�WKDW�
RFFXSLHV�D�SDUWLFXODU�VSDWLRWHPSRUDO�UHJLRQ�LQ�WKH�VXEMHFW¶V�SHUFHSWXDO�
¿HOG��2EMHFWV�FRQVWLWXWH�KLJKHU�XQLWV�RI�H[SHULHQFH�WKDQ�WKLQJV�>8H[N�OO�
��������@�DQG�FDQ�EH�LQYROYHG�LQ�ODZIXO�FDXVDO�UHODWLRQV��8H[N�OO�FDOOV�
objects that possess a framework merging their parts into an organ-

L]HG�ZKROH�³LPSOHPHQWV´��Gegenstände���,PSOHPHQWV�RFFXS\�WKH�KLJK-

HVW�OHYHO�RI�FRPSOH[LW\��7KH\�DUH�REMHFWV�LQ�ZKLFK�©WKH�SDUWV�VWDQG�LQ�
the same relation to the whole as the individual sounds to the melody» 

>8H[N�OO����������@��,PSOHPHQWV�DUH�RUJDQL]HG�ZKROHV�RI�GDWD�RI�H[SH-

rience. The perceptual environment of both humans and most animals 

is constituted by these three kinds of cognitive entities: things, objects, 

and implements.

$FFRUGLQJ�WR�8H[N�OO��DOO�WKUHH�DUH�GL൵HUHQWO\�FRPSOH[�SURGXFWV�RI�
one and the same unifying process, the so-called apperception process 

>8H[N�OO���������@��7KH�DSSHUFHSWLRQ�SURFHVV�OLHV�DW�WKH�URRW�RI�DOO�SHU-
FHSWLRQ�>8H[N�OO���������@�

Whatever the perception, the activity is of the same kind; dif-

ferent qualities are constantly being associated into unities. The 

power of the subject [Gemüt@�WKDW�H[HUFLVHV�WKLV�DSSHUFHSWLYH�DF-
tivity is for ever creating new structures; in its very nature, it is a 

formative force [Bildungskraft@�>8H[N�OO���������@�

2උൺඇංඌආ��6ൾඅൿ��8ਗਅਔ



6ඉඒඋංൽඈඇ�$��.ඈඎඍඋඈඎൿංඇංඌ

270

$Q�LPSRUWDQW�IXQGDPHQW�RI�8H[N�OO¶V�HSLVWHPRORJLFDOO\�IRXQGHG�ELROR-

gy of subjects is the assumption that the apperception process, although 

lawful, cannot be mathematically described� >8H[N�OO� ������ ��@�� )RU�
WKLV�DQG�RWKHU�UHDVRQV��ELRORJ\�FDQQRW�EH�UHGXFHG�WR�SK\VLFV�>8H[N�OO�
�����������������������������@�DQG�ELRORJLFDO�H[SODQDWLRQ�FDQQRW�EH�UH-

GXFHG�WR�PHFKDQLVPV��8H[N�OO¶V�FRQYLFWLRQ�DERXW�WKH�QRQ�UHGXFLELOLW\�
RI�ELRORJ\�WR�SK\VLFV�LV�VXSSRUWHG�E\�.DQW¶V�FRQFHSW�RI�pure or original 
or transcendental apperception, which is the underpinning philosophy 

RI�8H[N�OOLDQ� DSSHUFHSWLRQ� SURFHVV�� ,Q� KLV�Critique of Pure Reason, 

.DQW�LQWURGXFHV�SXUH�DSSHUFHSWLRQ�DV�D�spontaneous a priori activity of 

the subject. It synthesizes the manifold of its representations to a unity 

ZLWKRXW�EHLQJ�GHWHUPLQHG�E\�WKH�QDWXUH�RI�WKH�V\QWKHVL]HG�HOHPHQWV��WKH�
UHSUHVHQWDWLRQV��>.DQW�������%��������@�

Combination does not lie in the objects […] but is rather only an 

operation of the understanding, which is itself nothing further 

than the faculty of combining a priori and bringing the mani-

fold of given representations under unity of apperception, which 

principle is the supreme one in the whole of human cognition 

>.DQW�������%������@�

$FFRUGLQJ�WR�.DQW��WKH�XQLW\�RI�SHUFHLYHG�GDWD�LQ�DOO�RXU�UHSUHVHQWDWLRQV�
©FDQ�EH�H[HFXWHG�RQO\�E\�WKH�VXEMHFW�LWVHOIª�>.DQW�������%����@�WKDW�LV�
by a transcendental factor that can never be an empirical content of 

KXPDQ�SHUFHSWLRQV��.DQW¶V� FRQYLFWLRQ� WKDW� WKH�XQLW\� RI� H[SHULHQFH� LV�
H[HFXWHG�RQO\�E\�WKH�VXEMHFW�JRHV�DJDLQVW�WKH�REMHFWLYLVP�DQG�DQWL�WUDQ-

scendentalism which characterizes physics and biology at present and 

LQ�8H[N�OO¶V�WLPH�
.DQW¶V�WUDQVFHQGHQWDO�SKLORVRSK\�ZDV�IUDPHG�XQLTXHO\�IRU�KXPDQ�

VXEMHFWV��8H[N�OO� H[WHQGHG�.DQW¶V� WKHRU\�RI� VXEMHFWLYLW\� WR�D�JHQHUDO�
biological theory that he applied to both human and animal subjects. 

+H�FRQVLGHUV�KXPDQ�DQG�DQLPDO�VXEMHFWV�WR�EH�WUDQVFHQGHQWDO��VSDWLR-

temporally non-localizable unities of apperception. The apperception 

process unfolds lawfully and determines the synthetic process of per-

ception. For that reason, the apperception process can be considered 

the central category of subjectivity. All three kinds of cognitive entities 

– things, objects, and implements – are products of synthetic activi-
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ties�WKDW�FRQVWLWXWH�GL൵HUHQW�PDQLIHVWDWLRQV�RI�WKH�DSSHUFHSWLRQ�SURFHVV�
which is a spontaneous act of synthesis. Due to its spontaneity, the syn-

WKHVLV�RI�FRJQLWLYH�HOHPHQWV�WR�D�PRUH�FRPSOH[�XQLW�LV�D�FUHDWLYH�PHQWDO�
act that is neither determined by the nature of the synthesized elements 

nor by the relations between them.

'HVSLWH�WKH�IDFW�WKDW�8H[N�OO�DLPHG�©WR�H[WHQG�.DQW¶V�WUDQVFHQGHQ-

WDO�SKLORVRSK\�WR�WKH�HQWLUH�OLYLQJ�UHDOPª�±�DQ�DWWHPSW�WKDW�.DQW�ZRXOG�
likely reject – «both shared the same solution: subjective spontaneity» 

– and considered «the subject as the center of initiatives and not as a 

UHFRUGLQJ�EODFN�ER[ª�>(VSRVLWR���������I�@�
8H[N�OO¶V�WKHRU\�RI�Umwelt�FDQ�EH�H[WHQGHG�WR�D�WKHRU\�RI�WKH�RU-

JDQLVP¶V�LQWHUQDO�RUJDQL]DWLRQ��,Q�FRQWHPSRUDU\�ELRVHPLRWLFV�WKH�FHOOV�
of a multicellular organism are considered subjects that communicate 

WKURXJK�WKH�LQWHQVLYH�H[FKDQJH�RI�PROHFXOHV�VHUYLQJ�DV�VLJQV��,Q�RWKHU�
words, the cells of an organism interact with each other through contin-

XDO�SURFHVVHV�RI�PXWXDO�LQWHUSUHWDWLRQ��)URP�DQ�8H[N�OOLDQ�SHUVSHFWLYH��
a multicellular organism is the Umwelt of its own cells or, in the words 

RI�&ODXGH�%HUQDUG�DQG�*HRUJH�&DQJXLOKHP��D�©milieu interieur»:

From the biological point of view, one must understand that the 

relationship between the organism and the environment is the 

same as that between the parts and the whole of an organism. 

The cell is a milieu for intracellular elements; it itself lives in an 

interior milieu, which is sometimes on the scale of the organ and 

sometimes of the organism; the organism itself lives in a milieu 

that, in a certain fashion, is to the organism what the organism is 

to its components [Canguilhem 2008, 111].

7. Conclusion

The second-order intrinsic causal factor is the plastic self-determin-

ing material-energetic structure of the organism. It is the organismic 

self that determines both the relation between the internal parts of the 

organism and the relation between the organism and its Umwelt. Its 

LQGLYLGXDOLW\�LV�URRWHG�LQ�WKH�LQH[WULFDEOH�LQWHUZHDYHPHQW�RI�ERWK�UHOD-
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tions. From the anti-mechanistic perspective that I have defended in this 

essay, the self is the manifestation of a creative subject that transcends 

the logic of mechanisms for principal reasons. The organismic subject, 

which is the cause of the self, may be approached from the perspectives 

RI�YDULRXV�SKLORVRSKHUV��VXFK�DV�:KLWHKHDG��%HUJVRQ��-RQDV��DQG�8H[-
N�OO�� ,Q� WKLV�HVVD\�� ,�KDYH� IRFXVHG�RQ�8H[N�OO�EHFDXVH�KH�FRQVLGHUHG�
more thoroughly than any other thinker the causal and logical inter-

weavement of subject, organism, and environment.

)URP�DQ�8H[N�OOLDQ�SHUVSHFWLYH��LI�WKH�RUJDQLVP�LV�XQGHUVWRRG�DV�
the Umwelt of its own components, the generation and transformation 
of the second-order intrinsic factor – which is the organism’s plastic 
structure – must be conceived of as the product of a creative spon-
taneous subject, the activity of which transcends any known form of 
mechanism.
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Abstract
2UJDQLVPV�H[KLELW�D�VSHFL¿F�IRUP�RI�ELRORJLFDO�LQGLYLGXDOLW\��,Q�FRQWHPSRUDU\�ELR-

VFLHQFHV��H[SODQDWLRQV�RI�RUJDQLVPLF�G\QDPLFV�DUH�RIWHQ�UHGXFHG�WR�PHFKDQLVWLF�GH-

VFULSWLRQV��,W�LV�WDNHQ�IRU�JUDQWHG�WKDW�FRPSOH[�ELRORJLFDO�SURFHVVHV�RI�GL൵HUHQW�NLQGV�
DUH� UHGXFLEOH� WR�PROHFXODU� DQG�RWKHU� ³PHFKDQLVPV �́� ,Q� WKLV�SDSHU�� ,� VKRZ� ���� WKDW�
RUJDQLVPV� H[SUHVV� D� IRUP�RI� LQGLYLGXDOLW\� WKDW� LV� UHDOL]HG�E\� D� SDUWLFXODU� NLQG�RI�
FDXVDOLW\�DQG�����WKDW�RUJDQLVPLF�FDXVDOLW\�WUDQVFHQGV�WKH�ORJLF�RI�PHFKDQLVPV�XVHG�
LQ�FRQWHPSRUDU\�ELRVFLHQFHV��%DVHG�RQ�QHZ�LQVLJKWV�DERXW�RUJDQLVPLF�G\QDPLFV�DV�
ZHOO�DV�-DNRE�YRQ�8H[N�OO¶V�FRQFHSW�RI�³Umwelt´��PHDQLQJIXO�HQYLURQPHQW���,�DQD-
lyze organismic causality and show that the latter constitutes a form of selfhood alien 

to both inorganic nature and mechanisms.
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