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Suppression of the physiological stress response is not stress

We appreciate the correspondence of both Love and Wagner [START_REF] Love | Stress, harshness, and evolutionary history[END_REF] and Rosado and colleagues [START_REF] Rosado | On the biological concept of stress[END_REF] which clarified important aspects for the understanding of harshness. This shows the broad importance of the harshness concept for both animals and plants. Both letters point out that whether an environment is stressful or harsh does not depend only on the environment but also on the species, and we completely agree. Our original example was about drought-induced food shortage that causes long-lasting harshness [START_REF] Schradin | Harshness is not stress[END_REF]. Harshness cannot be overcome by a stress response that increases energy expenditure but must be endured through a response that reduces energy expenditure [START_REF] Schradin | Harshness is not stress[END_REF]. However, whether and when drought induces food shortage also depends on the diet of a species (Box 1). Thus, as stated by Love & Wegner [START_REF] Love | Stress, harshness, and evolutionary history[END_REF], harshness is not determined by the environment per se but also depends on the traits of a species. While Love and Wagner recognise the importance of differentiating between an energetically expensive stress response and an energy saving harshness response [START_REF] Love | Stress, harshness, and evolutionary history[END_REF], Rosado et al. challenge the usefulness of our harshness concept and instead argue that any external force can be called stress and must be differentiated from the change (strain) it induces [START_REF] Rosado | On the biological concept of stress[END_REF]. The main reason for this disagreement can be seen in the differences between vertebrates and plants in their physiological responses to external forces that challenge homeostasis (called 'Homeostasis Threatening Environments', HTEs [START_REF] Love | Stress, harshness, and evolutionary history[END_REF]). In animal physiology, particularly in vertebrates, a clear stress response consisting of the activation of the sympathoadrenal medullary axis (SMA; fast secretion of catecholamines such as adrenaline) and the hypothalamus-pituitary axis (HPA; secretion of glucocorticoids) has been identified. This physiological stress response activates energy pathways, enabling the individual to overcome the environmental force (called stressor) threatening homeostasis. In animal ecology, any detrimental environmental event activating the physiological stress response is called stress [START_REF] Dantzer | Measures of physiological stress: a transparent or opaque window into the status, management and conservation of species?[END_REF]. We therefore argued that a challenging environment that does not activate, but rather suppresses, the physiological stress response cannot be called stress [START_REF] Schradin | Harshness is not stress[END_REF]. Such a suppression of the energetically expensive stress response occurs in environments that demand a reduction in energy expenditure, and such environmental conditions are typically long-lasting. We called this harshness to differentiate it from stress, which is important since in our period of accelerated global change, an increase in harshness rather than stress is expected [START_REF] Schradin | Harshness is not stress[END_REF]. Box 1. Species-specific onset of harshness. Example of two small mammals differing in their diet. The 4-8 month long dry season in the Succulent Karoo in southern Africa is characterized by low rainfall leading to a pause in plant growth (perennial species) and disappearance of plant cover (annual species). The decline in food availability through the dry season indicates the degree of harshness. The bush Karoo rat (Otomys unisulcatus) is the smallest herbivore in southern Africa. It is a folivore feeding mainly on leaves of different plant species which become scarce with the onset of the dry season. The sympatric striped mouse (Rhabdomys pumilio), living at the same field site, is omnivorous, feeding on all plant parts (including leaves, fruits and seeds) and insects. Since the abundance of leaves decreases first, followed by fruits, then insects and lastly seeds (in the soil seedbank), the onset of harshness occurs later and the degree of harshness is lower for striped mice than for bush Karoo rats. This can explain why during the most severe drought in the last 20 years, the local bush Karoo rat population became extinct while the striped mouse population endured the drought [START_REF] Schradin | Nest site competition in two diurnal rodents from the succulent karoo of South Africa[END_REF]. In plant eco-physiology, while multiple physiological responses to challenging environments have been identified, no consensus of the definition of stress exists [START_REF] Blum | Stress, strain, signaling, and adaptation -not just a matter of definition[END_REF]. Rosado et al. state that in plant eco-physiology, stress derives from physics, ([7] has a similar approach), while Love and Wagner [START_REF] Love | Co-option of stress mechanisms in the origin of evolutionary novelties[END_REF] state it is derived from medical sciences on mental diseases and was later adopted by physiologists. Rosado et al. conclude that all HTEs can be called stressful while Love and Wagner see the importance to differentiate between HTEs leading to stress versus harshness. For decades, the definition of stress has been critically discussed and questioned in both animal and plant physiology [START_REF] Dantzer | Measures of physiological stress: a transparent or opaque window into the status, management and conservation of species?[END_REF][START_REF] Blum | Stress, strain, signaling, and adaptation -not just a matter of definition[END_REF][START_REF] Kültz | Defining biological stress and stress responses based on principles of physics[END_REF][START_REF] Love | Co-option of stress mechanisms in the origin of evolutionary novelties[END_REF][START_REF] Mcewen | The concept of allostasis in biology and biomedicine[END_REF]. In contrast to Rosado et al, we doubt that all researchers working on different kingdoms and environments will agree on a definition of stress, given recent discussion [START_REF] Dantzer | Measures of physiological stress: a transparent or opaque window into the status, management and conservation of species?[END_REF][START_REF] Blum | Stress, strain, signaling, and adaptation -not just a matter of definition[END_REF][START_REF] Kültz | Defining biological stress and stress responses based on principles of physics[END_REF][START_REF] Love | Co-option of stress mechanisms in the origin of evolutionary novelties[END_REF][START_REF] Mcewen | The concept of allostasis in biology and biomedicine[END_REF]. It is therefore important that researchers always state which definition of stress they are using. For the new term "harshness", there is now a chance to come to a definition that a broad range of researchers agree on.

As Rosado et al. mention, it is important to differentiate between alternative physiological responses to HTEs. Since there is -to our knowledge -no universally defined physiological stress response in plants, one can simply specify the stress by calling it heat stress, nutritional stress, water stress etc [START_REF] Blum | Stress, strain, signaling, and adaptation -not just a matter of definition[END_REF]. For vertebrates, we differentiate between the physiological stress response characterised by high stress hormone levels and the harshness response characterised by reduced stress hormone levels (box 1 in [START_REF] Schradin | Harshness is not stress[END_REF]). For plants, we do not know whether alternative physiological responses towards HTEs exist that are mutually exclusive. Rosado et al. base their definition of stress on physics and refer to stress as external forces causing an internal change (called strain) to maintain homeostasis. This is very similar to the concept of allostasis in animal physiology: Maintaining stability through change [START_REF] Mcewen | The concept of allostasis in biology and biomedicine[END_REF]. Allostasis describes how organisms maintain homeostasis against environmental forces, and allostatic load is the energy that has to be invested in this process. The allostasis principle is based on physics: Living organisms must follow the second law of thermodynamics and are thus entropy increasing entities. Energy has to be permanently spent -which increases overall entropy -to maintain a high level of organisation against environmental factors at the individual level. If one calls this stress, all organisms would be (must be) permanently living under stress. The allostasis concept offers us an alternative terminology: Individuals have allostatic load to maintain a high level of organisation under normal environmental conditions, and high allostatic load in response to HTEs, which can then be called stress [START_REF] Mcewen | The concept of allostasis in biology and biomedicine[END_REF].

The most important addition of Love and Wagner is that adaptation to harshness has an evolutionary history, whereas we had focussed our commentary on how the current environment can be harsh. As Love & Wagner mention, whether a species had time to evolutionarily adapt to a HTE depends on whether this specific HTE occurred repeatedly during the species` evolutionary history. Love & Wagner argue that a species experiencing an HTE for which a decrease in energy expenditure would be adaptive might instead respond with an energetically expensive stress response if the HTE did not occur repeatedly during the species` evolutionary history. We disagree; instead, we argue that whether the adaptive response needs an increase in energy expenditure (stress, such as a response to a predator cue) or a decrease in energy expenditure (harshness, such as seasonal droughts) depends on the nature of the HTE. The vertebrate physiological stress response (consisting of the SMA and the HPA mobilising energy to overcome stress) evolved hundreds of millions of years ago [START_REF] Sapolsky | Glucocorticoids, the evolution of the stress-response, and the primate predicament[END_REF]. Similarly, as organisms have been exposed to harsh environments for hundreds of millions of years, mechanisms of the harshness response to reduce energy consumption (including a reduction of metabolic hormones and reduced physical activity) are probably phylogenetically very old. Like Rosado et al, we stated that stress can and will also occur in harsh environments (Box 2).

Box 2. Stress under harsh conditions

Animals enduring harshness must still be able to respond adaptively to stressors. This is because even in harsh environments that require energy savings, stressful events will occur that are best overcome by increased energy expenditure. Imagine a small mammal decreasing its energy expenditure during a food restricted dry season when encountering a predator. In this case, quickly increasing energy expenditure for flight will still be adaptive. Typically, both physiological stress responses are correlated, i.e. an activation of the fast SMA is followed by a later activation of the HPA, both increasing energy availability [START_REF] Härle | Increase of sympathetic outflow measured by neuropeptide Y and decrease of the hypothalamic-pituitary-adrenal axis tone in patients with systemic lupus erythematosus and rheumatoid arthritis: another example of uncoupling of response systems[END_REF]. We would predict that, under harsh conditions, this correlation might break down: a rapid increase in energy availability via the SMA might not be followed by a strong activation of the HPA axis, allowing the individual to respond quickly to a predation event via SMA, while still reducing energy expenditure via HPA. In medicine, an uncoupling of the SMA and the HPA axis is a known pathology in patients with chronic inflammatory diseases [START_REF] Härle | Increase of sympathetic outflow measured by neuropeptide Y and decrease of the hypothalamic-pituitary-adrenal axis tone in patients with systemic lupus erythematosus and rheumatoid arthritis: another example of uncoupling of response systems[END_REF]. We offer an adaptive hypothesis for why such uncoupling might occur when the environment is harsh. Chronic inflammation has very high energy costs needing energy reduction of other systems [START_REF] Straub | Chronic inflammatory systemic diseases: An evolutionary trade-off between acutely beneficial but chronically harmful programs[END_REF], making it similar to harshness. Future studies should focus on how the physiological stress response differs between benign versus harsh environmental conditions. A predation event leads to the same fast and high increase of adrenaline levels to provide sufficient energy for flight and survival. However, the glucocorticoid response might be suppressed when compared to a benign environment, as an adaptive energy saving strategy. This could lead to an uncoupling of SMA and HPA. While data support (A), (B) is a prediction that has not been tested yet. Future field studies are needed to test how the SMA and HPA responses are affected by harshness.

Stress in the different kingdoms

We agree with both Love and Wagner and Rosado et al. that harshness is not an a priori property of the environment, but emerges from the species-specific organism-environment interaction. In vertebrates, it makes sense to differentiate between the energy increasing physiological stress response and the different and mutually exclusive energy saving harshness response. We do not think that it us useful to call environmental conditions stressful when they lead to a downregulation of the physiological response; instead calling this harshness increases clarity. Since plants do not share the physiological stress responses of vertebrates leading to increased energy availability, one might retain the term "stress" for all HTEs for this kingdom. In vertebrate physiology, studying the stress response under harsh environmental conditions represents an important research topic for the future.
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 I Figure I. Sympatric rodents whose diet influences the onset and severity of harshness. Bush Karoo rat (Otomys unisulcatus, left) and the sympatric omnivorous striped mouse ((Rhabdomys pumilio, right). Photos © by Schradin
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 II Figure II: Uncoupling of SMA and HPA during harshness? (Adopted from [3]) (A): In a benign environment, adrenaline levels correlate with glucocorticoid levels and both rise significantly after a stressor such as a predation attempt, indicating coupling of SMA and HPA. (B): In a harsh environment, basal levels of glucocorticoids are reduced to reduce energy expenditure.A predation event leads to the same fast and high increase of adrenaline levels to provide sufficient energy for flight and survival. However, the glucocorticoid response might be suppressed when compared to a benign environment, as an adaptive energy saving strategy. This could lead to an uncoupling of SMA and HPA. While data support (A), (B) is a prediction that has not been tested yet. Future field studies are needed to test how the SMA and HPA responses are affected by harshness.