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                     Abstract
In this chapter, we discuss some of the necessary conditions required for a multicellular system to be a relevant candidate as a higher-level autonomous system, and hence as a multicellular organism. In particular, we will focus on the kind of functional integration that a multicellular organism must exhibit. Our central claim will be that the functional integration of multicellular organisms requires, as a necessary condition, developmental functions and, therefore, developmental constraints.
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This chapter relies on ideas previously formulated by Ruiz-Mirazo et al. (2000) and especially by Arnellos et al. (2014), from which several portions of the text are taken.
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                     Notes
	1.The difficulty in applying the concept of autonomy to multicellular organisms was recognised by Maturana and Varela at the end of Chap. 4 of “The Tree of Knowledge” (1987), where they admit the problems involved in characterising multicellular organisms as “second-order autopoietic systems”.


	2.As mentioned in Chap. 3, Sect. 3.2.2, each level of organisation can include one or more orders of closure, in particular if it possesses regulatory functions in addition to constitutive ones. Similarly, a given system can realise several levels of closure (and therefore of organisation), each of them including orders of closure. The conceptual distinction between orders and levels must be kept in mind to avoid confusion while reading the present chapter.


	3.In this chapter, we do not offer a detailed account of the relations that might exist between entities located at different levels of closure. For more (conceptual and formal) details, see Montévil and Mossio (2015).


	4.Determining the precise threshold above which those critical transitions are triggered should be a fundamental empirical target of scientific research, and goes beyond the objectives of the chapter.


	5.Multicellularity has evolved independently in prokaryotes and eukaryotes (Grosberg and Strathmann 2007). Although certain requirements for multicellular organisation (as cell adhesion, cell-cell communication, and cell death) already evolved in prokaryotes, complex multicellular organisms evolved only in six eukaryotic groups: animals, fungi, brown algae, red algae, green algae, and plants.


	6.More specifically, Michod (2005) has suggested that in a group of cells with complete germ-soma separation, the cell fitness of all cells will be zero, since none of the cells would be capable of both viability and reproduction (and the cell fitness is the product of them) although fitness at the group level could be considerably higher.


	7.As happens in all cases of multicellularity with an aquatic origin. See Bonner (1999) for details.


	8.By the term “epigenetic” we mean processes and mechanisms by which a heritable phenotypic change is induced in the genetic system of a cell that does not involve a change in the nucleotide sequence of DNA (Berger et al. 2009). Epigenetic processes are basically the result of mechanisms allowing the selective activation of some genes and the inhibition of others. For example, DNA methylation or histone modification, which serve to regulate gene expression without altering the underlying DNA sequence. That is why epigenetic constraints affect the fate of the cells during development. Although there is no modification of the genome of the cell, epigenetic changes may remain through cell divisions for the remainder of the cell’s life and may also last for multiple generations.


	9.The conceptual distinction between levels and orders of organisation is at work here. A given level of organisation, which is identified by the fact of realising closure, is a candidate as a level of autonomy if, among other things, it contains regulatory functions, subject to second-order closure.


	10.An interesting case is Physalia.physalis, a highly integrated association of four specialised polyps and medusoids, whose constitutive parts can no longer disintegrate and continue living independently.


	11.Heterocysts are cells that specialise in nitrogen-fixing during nitrogen starvation. They fix nitrogen from dinitrogen (N2) in the air in order to provide the cells in the filament with nitrogen for biosynthesis.


	12.One type is the intercellular feedback mechanism of Wnt8. Another type is the intercellular mechanism established by the indirect and mutually exclusive operations of Wnt8 and Delta. A case of a highly combinatorial type of mechanism is the one at work for the separation between anterior and posterior endoderm formation, a process which is eventually established by the intercellular operations of other signals – Wnt16 and V2 – but which needs other inputs from the operations of other intercellular mechanisms during prior developmental stages.


	13.In the case of Volvox, the realisation of second-level closure is more debatable. Somatic cells achieve efficient swimming capacity that, thanks to their coordinated action, is beneficial to the whole system (and notably to reproductive cells). However, although there is coordination between reproduction (germ cells) and movement (flagellated cells), so that the network of cell-cell interactions results in a certain degree of functional differentiation, it remains unclear whether somatic cells could be said to depend on reproductive cells in the precise sense of “dependence” discussed in Chap. 1. Accordingly, the claim according to which Volvox is a multicellular organisation cannot be taken for granted, and would deserve further investigations.


	14.For instance, V.fisheri has neither the ability to generate metabolically decoupled signals, such as Delta and Wnt8, nor the appropriate receptor mechanisms for their intercellular action.


	15.Eukaryotic epigenetic mechanisms are much more complex than prokaryotic ones because in the latter case, the processes of transcription and translation are operationally separated (see Chap. 5). Eukaryotic epigenetic control occurs even before transcription is initiated, and therefore in eukaryotic cells epigenetic mechanisms can control gene expression at many different levels. This means that intercellular signals modulating eukaryotic epigenetic cells can induce much more diversified effects.


	16.Although plants share many of the requirements so far described for developmental modulation, we centre our analysis in metazoans, because plants are multicellular systems based on cells with walls. Now, as Gerhart and Kirschner (1997) have pointed out, the loss of the cell wall in some unicellular eukaryote ancestor was also a very important factor in the appearance of rich cell differentiation in multicellular systems. “One development of great importance for future metazoan multicellularity was the loss of the cell wall in some unicellular eukaryote ancestor. The lack of a cell wall (…) permitted the ancestors of animal cells to interact directly with each other through apposed plasma membranes, to adhere to each other, to crawl on surfaces, to differentiate into complex shapes, to engulf other cells by phagocytosis, and to engage in junctional communication with other cells. Cell adhesion and junctional communication are characteristics of the formation of epithelia and the segregation of an internal milieu, which are found in all metazoans” (p. 11). See also footnote 18.


	17.While many other functional constraints may also contribute to the constitutive processes and maintenance of the whole multicellular entity (i.e., symbionts, indirect action of other organisms, etc.), they do not belong to the same level as those we have studied (namely, those constraints which regulate epigenetic mechanisms of cellular differentiation and which are decoupled from metabolic-interactive processes).


	18.Although multicellular plants have their own developmental processes too, it is undeniable that metazoans’ development has achieved a higher degree of complexity. There seems to be a number of different reasons for this. First, unlike animals, plant cells do not terminally differentiate, remaining totipotent, often with the ability to give rise to a new individual plant. While plants do utilise many of the same epigenetic mechanisms as animals, such as chromatin remodelling, it has been hypothesised that plant cells do not have a “memory” and reset their gene expression patterns at each cell division, using positional information from the environment and surrounding cells to determine their fate (Costa and Shaw 2007). Second, the loss of the cell wall, already mentioned in footnote 16, seems to be an additional condition contributing to the enabling of the unfolding of the functional potentialities of cellular differentiation when building a complex integrated multicellular organism. See also Caroll (2001).


	19.Elsewhere (Arnellos and Moreno in press) one of us has argued that only eumetazoans do meet the criteria for being considered as multicellular agents; actually, such agential capacities are deeply related to the kind of development described in the case of sea urchins in the preceding pages.


	20.The actual characterisation of such nested levels of autonomy might not be an easy task. To mention again the issue of agency, it might be quite difficult, in some cases, to locate specific agential capacities at the relevant level of organisation. Deciding “who is the agent”, so to speak, may therefore require fine-grained analyses when dealing with multicellular systems whose components are themselves autonomous.
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