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                    Abstract
‘Plant neurobiology’ has emerged in recent years as a multidisciplinary endeavor carried out mainly by steady collaboration within the plant sciences. The field proposes a particular approach to the study of plant intelligence by putting forward an integrated view of plant signaling and adaptive behavior. Its objective is to account for the way plants perceive and act in a purposeful manner. But it is not only the plant sciences that constitute plant neurobiology. Resources from philosophy and cognitive science are central to such an interdisciplinary project, if plant neurobiology is to maintain its target well-focused. This manifesto outlines a road map for the establishment and development of a new subject—the Philosophy of Plant Neurobiology—, a new field of research emerging at the intersection of the philosophy of cognitive science and plant neurobiology. The discipline is herewith presented, introducing challenges and novel lines of engagement with the empirical investigation, and providing an explanatory framework and guiding principles that will hopefully ease the integration of research on the quest for plant intelligence.
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                    Notes
	Trewavas’ seminal “Aspects of plant intelligence,” an article that appeared in Annals of Botany in 2003 with 246 citations as of Fall 2015—total downloads of over 50,000 (full-text), and a number of downloads for 2014 that quadruples the average annual download of the 10 years since its publication in 2003—bears witness to the growing attention being paid to the topic.


	Almost a century ago, Bose (1926) demonstrated that action potentials connect the petiole and the pulvinus of Mimosa pudica, triggering leave droop by loss of turgor (for a review, see Trewavas 2014).


	Despite the fact that the role of calcium, and chloride and potassium as ion components of APs in plants is well known from studies of giant Characean cells (see Calvo 2012, and references therein), there is no single reference to APs in the fifth edition (2010) of Lincoln Taiz and Eduardo Zeiger’s companion to Plant Physiology. Thanks to Franstišek Baluška for pinpointing this omission to me.


	Either within a representational cognitive science (Bechtel 2009; 2010), or within an embodied and/or ecological cognitive science (Chemero 2009; Dale et al. 2009)—see Sect. 4, below.


	Echoing the distinction between a philosophy of cognitive science and a philosophy in cognitive science made explicit in cognitive science research (Brook 2009), we may say that the discipline comprehends a philosophy of plant neurobiology and a philosophy in plant neurobiology. Dennett’s (2009) and Thagard’s (2009) respective ways of approaching the relation between philosophy and cognitive science is also congenial with the one herewith defended in the domain of plant neurobiology.


	To list but a few more diverse areas of research, plant neurobiology would benefit from interaction with the forestry sciences; bio-computing; edaphology; or paleoecology.


	A different issue is whether analytic or mechanistic models will be superseded in plant neurobiology by an organismic, non-reductionist explanatory framework or not. It is anything but clear that everyone will be convinced that the project is inherently emergentist. The situation is exactly parallel to that found in the cognitive sciences where different communities understand, or not, the discipline from a reductionist or from an emergentist stance. Dual and hybrid positions, of course, also find room to disagree with both the reductionist and the emergentist extremes, but this is not the place to elaborate further on this issue (thanks to Tony Chemero for bringing this point to my attention).


	
Carruthers (2004), for instance, has argued somewhat convincingly that ants and bees have minds. Being an open empirical question, we cannot deny on a priori grounds that plants equally possess “minimal minds” (Calvo et al. 2014) in the relevant cognitive sense.


	I thank Bill Bechtel for urging me to consider both options in tandem.


	Good entry points to the indirect and the direct perception approaches are Rock (1997) and Michaels and Carello (1981), respectively.


	
Gibson (1979) explains affordances as follows: “The affordances of the environment are what it offers the animal, what it provides or furnishes, either for good or ill. The verb to afford is found in the dictionary, but the noun affordance is not. I have made it up. I mean by it something that refers to both the environment and the animal in a way that no existing term does. It implies the complementarity of the animal and the environment” (p. 127).


	According to yet another approach to the notion of anticipation, predictive success does not involve modeling the future at any stage, but is rather a function of actual past behavior (Stepp and Turvey 2010; Stepp et al. 2011). This form of anticipation does not depend on internal modeling, and although cannot be discarded beforehand we shall ignore those for present purposes. Thanks to Tony Chemero for bringing this third possibility to my attention.


	A survey of techniques in plant neurobiology, among them Multi-electrode array (MEA) technology, the Vibrating Probe Technique or Electrical Impedance Spectroscopy (EIS), is available at the International Laboratory of Plant Neurobiology (LINV) site: http://www.linv.org.


	In addition to the core issues thus far discussed, philosophical reflection can play a number of subsidiary roles in plant neurobiology that range from questions of plant intentionality, consciousness and phenomenology, to topics in ethics and beyond (see Marder 2011, 2012a, b, for an overview).
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