Supplement 1: Examples of behavioral regulation without awareness as necessary variables

There are abundant examples of changes in sensorimotor behavior of animals in many taxonomic groups that we, as human observers, may assume to be specifically motivated or even actively intended by the aware animal. Often, however, inherited behavioral changes of or between fixed action patterns happen, caused by changes of the stimulus context and/or by physiological changes in the homeostasis regulation of the body. Six examples shall illuminate instinctive or goal directed behavioral adjustments that do not require awareness.
Cnidaria are without brains. Various neural networks have been shown to be activated by different stimuli to coordinate the behaviors feeding or swimming in jellyfish (Pallasdies et al., 2019; Weissbourd et al., 2021). Switching between behaviors has been observed by antagonistic coupling between networks as shown in the polyp Hydra (Dupre and Yuste, 2017). Since swimming and feeding are fixed action patterns, which seem to antagonistically exclude each other (explicit memory absent), absence of awareness can generally be assumed in cnidaria (polyp, jellyfish). 
Nematode worms have a nervous system mainly consisting of a head ganglion and a ventral and dorsal cord with 302 neurons altogether in the most studied species, Caenorhabditis elegans (White et al., 1986). Behavioral switching between roaming (fast moving) and dwelling (stationary) states in this worm is generated by reciprocal inhibitory coupling of two neurons, each responsible for roaming or dwelling, respectively (Ji et al., 2021). Since roaming and dwelling states, which can be activated spontaneously, are fixed action patterns with the switch explained by simple reciprocal inhibition between two neurons (explicit memory absent), awareness must not be assumed. In the same animal, the learned switch from feeding on certain bacteria to avoiding the intake of the bacteria has been studied. The learned avoidance is expressed by a chemical change in a group of sensory cells and this change, causing the avoidance behavior, is epigenetically passed on to next generations (Moore et al., 2019). Thus, food selection depends on chemical sensitivity of sensory cells at the head and, if this sensitivity is changed via learning and kept as memory, the signals to the brain are different and therefore automatically lead to different behavior (food rejection instead of food acceptance). Behavioral changes are initiated by the sensors of the stimuli, in other words, the stimuli determine what we, as observers, would call a motivated behavior. Since there is no subjectively controlled change in motivation, only a stimulus-controlled behavioral change, awareness must not be assumed.
The electric fish, Eigenmannia, responds to the electric organ discharge of conspecifics with either increasing or decreasing its own discharge frequency depending on whether the other’s frequency is a bit lower or higher, respectively (Heiligenberg, 1991). This inherited change of a fixed action pattern is called jamming avoidance response, comparable with an orienting response. It is coordinated in the brainstem and does occur automatically without learning.
Toads visually discriminate potential prey from potential enemies and behave accordingly (turning towards or away from the object). The discrimination is based on inherited knowledge regarding shape, size and movement-in-space parameters of prey versus enemy, and regarding the stimulus-induced motivational changes which are coordinated by antagonistically coupled neural networks in the midbrain, pretectum, and thalamus (Ewert, 1987). A naive toad, ready for responding to visual stimuli from the environment, does prey/enemy discrimination routinely without learning, so that subjective awareness of the stimuli must not be assumed. 
House mouse mothers have inherited knowledge or are primed immediately after birth of their pups to respond to ultrasounds of lost pups with maternal search and pup-retrieval behavior. The access to maternal motivation in the mothers is generated mainly via hormonal changes during pregnancy and giving birth (e.g., Rosenblatt and Siegel, 1981). The classification of ultrasounds (categorical perception) in relevant and irrelevant ones for the release of maternal behavior (Ehret and Haack, 1982, Ehret, 1992) is based on sound processing in the auditory midbrain inferior colliculus (Ehret and Merzenich, 1985, 1988; Egorova and Ehret, 2008; Egorova et al., 2020) and does not require learning (Ehret, 1987). Similarly without learning, house mouse mothers, immediately after delivery and in a nursing context in the nest, rank low-frequency sounds (wriggling calls) of their pups in rather relevant or irrelevant ones (non-categorical perception) for the release of three different maternal responses (Ehret and Riecke, 2002; Geissler and Ehret, 2002). Stimulus evaluation is again based on sound processing in the auditory midbrain (Akimov et al., 2017; Geissler et al., 2018). These cases reflect inherited/primed stimulus discrimination and inherited stimulus-guided maternal motivational change in order to release adequate responses in a given maternal context. Subjective awareness of stimulus properties and of the own physiological state (being maternal) is not necessary for responding in a biologically meaningful way.
Honey bees outside their hive are motivated to search for food (nectar). They can use visual landmarks as indicators for getting to a food source in the near neighborhood. They can learn to discriminate on their way to the food source between two guiding visual landmarks, an irrelevant one and the other referring to the food source because it is also the mark at the source (Zhang et al., 2005). This learning of explicitly discriminating two visual patterns uses short-term memory (within about 6 s) and, therefore, may not require awareness. 
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