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Abstract
In answer to the debate question "Is ethnobiology romanticizing traditional practices, posing an urgent need for more experimental studies evaluating local knowledge systems?" I suggest to follow-up on field study results adopting an inclusive research agenda, and challenge descriptive data, theories, and hypotheses by means of experiments. Traditional and local knowledge are generally associated with positive societal values by ethnobiologists and, increasingly also by stakeholders. They are seen as a way for improving local livelihoods, biocultural diversity conservation and for promoting sustainable development. Therefore, it is argued that such knowledge needs to be documented, protected, conserved in situ, and investigated by hypothesis testing. Here I argue that a critical mindset is needed when assessing any kind of knowledge, whether it is modern, local, indigenous, or traditional.
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Introduction
In this essay I take a broad view on ethnobiology highlighting the often-heterogenous origin and fuzzy character of local and traditional knowledge and the importance of being enriched with modern and outside knowledge. As a follow-up on a previous debate about the question of whether ethnobiology should “…abandon more classical folkloric studies” and instead “foster hypothesis-driven forefront research…” I asked for the approval of a call on “are we romanticizing traditional knowledge and is there a need for more experimental studies in ethnobiology” [full stop]. Here I acknowledge the need for descriptive and hypothesis-driven studies but also point out their limitations and the value of experimental studies as a means for overcoming the inherent subjectivity of human observation. Some of the experimental studies I refer to are not strictly ‘ethnobiological’, but they could have been so, if only experimental approaches were more frequently implemented.
Experimentations were instrumental for human cultural progress [1] and are also used for understanding cultural evolution [2]. Experiments are conducted to challenge hypotheses, assess the probabilities of efficacy, or have an exploratory character. It is distinguished between true experiments, where participants or treatments are assigned randomly or quasi-experiments where participants or treatments are selected for groups [3]. The scientific strength of experiments lies in their reproducibility and the consequent logical analysis of the results obtained. In laboratory experiments variables can be controlled for while field experiments are closer to reality [4]. Natural experiments are going on permanently around us and cannot be manipulated by researchers but only evaluated. Since the data is recorded in a natural setting it is crucial to capture the baseline data of the identified variables and to understand which hypothesis is actually being tested [1, 4]. The experiment is an essential part of the scientific progress process [5]. Active involvement in descriptive studies, hypothesis testing and experimental research, grants a more nuanced sense of what evidence is, and insights into the difficulties of human observation.

What is traditional and local knowledge and what are the dynamics?
Traditional knowledge and customs (referred to also as indigenous and local knowledge) have been reported by natural philosophers and chroniclers since around 2000 years (e.g., [6–8]). With the help of written documents, cultural remains and archaeological artefacts, we understand persistence and dynamics of traditions and knowledge. Besides of being maintained or abandoned, traditional knowledge can synchronize with ‘outside’ knowledge and syncretize, blend with newly generated knowledge, evolve gradually, be reinvented, or invented intentionally [9–11]. For instance, the cheese ‘fondue’, a Swiss national dish, probably now considered traditional by many, was ad hoc invented to promote the consumption of Swiss cheese during the 1930ies and presented to an international audience at the New York World’s Fair 1939/40.
So, what is it that makes knowledge to become ‘traditional’? In the context of herbal medicine, traditional knowledge is defined and distinguished from a current fashion or a trend in that its transmission must involve at least three generations, including two steps of knowledge transmission or, alternatively, three ‘training generations’ where knowledge is being passed on to apprentices [12]. The definition of traditional knowledge in general is fuzzier and many of our daily activities, (e.g., preparing food) contain traditional elements. However, not all activities are traditional just because they have been practiced ever since or because they are sustainable. For instance, collecting rainwater for plant irrigation purposes, is not per se traditional ecological knowledge (TEK). People would collect rainwater for plant irrigation also if they had never observed this practice anywhere else. Moreover, having a theory of mind and observational skills individuals can understand the poor quality and unsustainability of (chlorinated) tap water for watering plants and thus try to avoid the associated economic costs. Collecting rainwater such as roof run-off is just intuitive and logic. On the other hand, complex and elaborate water collection and irrigation systems adapted to specific landscapes and climatic conditions are often grounded on traditional knowledge [13]. It is the culture-specific way of doing things that characterizes the local or the traditional and not necessarily actions per se.
From documents of culture-historical importance we learn that while many traditional practices and customs did not stand the test of time and were wisely abandoned, others persist to date. For instance, many medical treatments were not effective or even dangerous. Bloodletting or purging by means of poisonous botanical drugs with strong emetic and cathartic effects were eventually abandoned along with European humoral medicine [14]. Other botanical drugs have been used continuously throughout the centuries, many of them with acceptable safety profiles [15–19]. However, the European Medicines Agency (EMA) does not confuse generation-long use with efficacy or effectiveness. In absence of clinical data supporting traditional applications the EMA confers the status of ”traditional use” where “sufficient safety data and plausible efficacy are demonstrated” (e.g., any application of extracts derived from Panax ginseng C.A. Meyer, underground organs) which is different from products with “recognised efficacy” (e.g., application of 20 mg EtOH (60%) extract obtained from Vitex agnus-castus L. fruits with a DER of 6-12:1) for premenstrual syndrome.
The tradition of whaling (the hunting of whales, mainly for blubber) was not sustainable and brought several whale species to the brink of extinction which is the reason why whaling got banned in many countries by 1969. Some traditions were given up because of changing moral and ethical standards and by the introduction of new laws. Disputes about the expansion of slavery caused the American Civil War resulting in an official legal ban of slavery in 1865. Many other traditions ignoring individual’s freedom, right to integrity and equality such as female genital mutilation (in many African countries, the Near East and Indonesia), early child marriage (Africa, Near East, the Indian subcontinent, and South-East Asia) or the Indian caste system [20] continue to be practiced while the legacy of Roman law is still present in Western legal thought [21].
Example of Italy and the economization of TK
Let’s take for example modern Italian culture and economy which are rooted in the country’s rich history and local traditions. Italy shows a marked North–South economic disparity, associated with geography and culture. The varied history of the different Italian regions is reflected in the distinct traditions in food production, cuisine, and craftsmanship. Italy has currently the highest share of elderly people (> 65 years of age) and one of the lowest birth rates within all European countries. This is also conditioned by the late financial independence and economic insecurity of young Italians permitting them to start a family only relatively late in life. This situation poses serious challenges to health care, old age benefits and economy.
Small- and medium-sized enterprises constitute the backbone of the Italian economy with around 75% of all businesses in family hand [22]. The knowledge for securing the highest quality of raw products at the best conditions and the steps, processes, recipes, tools, and machines used during production are well-kept secrets and associated knowledge transmitted only within the family. Since it is easier to collect taxes from a few large businesses than from many small family businesses, Italian tax authorities face more difficulties than other European countries in this regard. Besides that, a low taxpayer commitment, organized crime, corruption, bureaucracy, low productivity due to lack of process innovation [22, 23] are other traditional problems afflicting the Italian economy. Though Italy being a relatively wealthy country the traditional business structure and reliance on local knowledge is also a drawback for economic growth because innovation and modernization occur too often on a relatively low scale which reinforces Italy’s traditional set up.

Example of Switzerland and TEK
It was recently showcased how TEK is often maintained because of lack of economic resources that would permit the use of more technological equipment and not because of ecological concerns [24]. Also, others (e.g. [25]) concluded, that in the more economically developed regions TEK practices will have a chance to survive only in protected areas where they are used as a tool for biodiversity conservation and where they are fostered by consumers requesting organic and ecologically sustainable food. Topography also plays an important factor in the maintenance of TEK. In mountainous and alpine regions such as the European Alps, TEK and its application is more prominent than in the lowlands, conditioned by the fact that the inclination of the terrain and the marked seasonal changes do not allow for intensive land management and the use of heavy equipment and machinery. This applies also to natural estuaries, river, sea, and lake shores. Agriculture is subsidized all over Switzerland but more heavily in mountainous regions, where otherwise production would not be profitable at all. Switzerland is a wealthy and rich country, which can afford to subsidize agriculture and traditional ways of food production. Thereby, food sovereignty and indigenous food production systems including TEK are maintained at least partially. According to Article 104 of the Federal Constitution, agriculture has a mandate to provide public services. These are each subsidized with a specific type of direct payment. These services include, for example, near-natural, environmentally friendly, and animal-friendly production, the preservation of natural resources and the maintenance of the cultural landscape. In 2022, the federal government paid out a total of around CHF 2.8 billion in direct payments for agriculture [26].
Also, religious denomination can affect land management practices in Switzerland. The sociocultural differences between the protestant canton of Bern and the catholic canton of Lucerne are amongst others reflected in the fact that contrary to the practice followed in the canton of Lucerne, the grassland in the canton of Bern gets cleaned from bitter dock (Rumex obtusifolius L.), a noxious weed [27]. In the past also a catholic and a protestant way of tilling the land existed in Switzerland [28]. Historically, the large number of non-working days in the canton of Lucerne and the heavy demands on the population were blamed by numerous travellers and writers for the region’s lagging behind in terms of industrialisation and agricultural development [29].
With the example of Italy, I tried to explain how traditional, and local knowledge can serve as a starting point for innovation, but that success depends on the effective adoption of global knowledge and economic structures. With the example of Switzerland, I tried to highlight that besides economic resources and consumers preferences also topographical particularities, and religion can have a direct influence on the maintenance and practice of TEK. With both, the example of Italy and Switzerland I also tried to highlight the difficulty of defining and identifying ‘systems’ of traditional knowledge. Thus, ‘traditional knowledge systems’ as such can be difficult to grasp because traditional and modern knowledge are often combined and blended in processes that may give way to new traditions. Therefore, here I rather focus on traditional and local knowledge as such and avoid talking about ‘systems’, which are nowadays to be found only in remote areas and isolated civilizations and communities [30].
In summary, history shows, that non-sustainable practices are often abandoned but, also that societal power structures can help to maintain archaic traditions and that traditional and local knowledge, in combinations with purposeful technological experimentation and invention led to innovation which was instrumental for shaping the world and the various human cultures we know today. However, in my view there is nothing wrong or dramatic about abandoning outdated traditions and practices. Here I argue that traditional knowledge should not only not be romanticized [24] but critically questioned, also with the help of experiments, like any other knowledge.


Are we howling at the moon?
The question as of whether there is an urgent need for more experimental studies evaluating local knowledge systems is related to a previous debate in this series focusing of whether ethnobiology and ethnomedicine should more decisively foster hypothesis-driven forefront research able to turn findings into policy and abandon more classical folkloric studies. I think that there is no need for dramatizing and that the ‘urgency’ is rather related to the question of whether or how proximate ethnobiology is thought to evolve into a branch of multidisciplinary science adopting an inclusive research protocol.
Clearly, for ethnobiology to prosper both, descriptive and hypothesis-driven approaches are needed. Primary data is the basis for all science and descriptive studies fuel hypothesis-driven studies [31–34]. Though I would agree with the statement that well conducted and solid descriptive studies contextualizing and highlighting new data and perspectives are worthier than hypotheses-driven studies pursuing hypotheses for the sake of confirming already known relationships and facts in an anachronistic or non-contextualized way [32, 35].
However, analysing descriptive data for novelty is not simple and requires extensive background knowledge because the tradition of reporting the use of biodiversity by human societies is as old as written history and an immense quantity of recorded data exists. This complicates data accession, handling, and assessment. The inherent difficulty of assessing novelty of ethnomedical survey papers has been noted by Verpoorte in 2008 who proposed the use of a ‘repository’ (database) where the list of plant species and associated data can be integrated systematically, organized in a way that information for specific taxa or uses can be retrieved easily [31]. A brief paper mentioning methodological aspects and providing background data together with a short discussion was suggested to be published along with the database entry. However, this idea has not caught on. A Spanish initiative, however, has realized a reasonable way forward. Besides a national inventory database including traditional knowledge related to biodiversity that is based on descriptive reports, an online interactive platform was created that allows users to submit personal knowledge related to biodiversity and retrieve specific information [36].
While open databases allow for information exchange and their (changing) content for the formulation of hypotheses, Reyes-Garcia has correctly pointed out that results obtained from hypotheses-driven studies do not automatically translate to approved policies or scientific reorientations [33].  Here I must acknowledge that neither do experimental studies. The strengths of ethnobiology and ethnomedicine lie in the possibilities to “draw on theories and methods from the natural sciences, the social sciences, and the humanities” [33]. The flip side of this asset is that the vast breath of ethnobiology potentiates the complexity of seemingly simple research questions augmenting the possibility for overlooking or not being able to account for important confounders. Here lie the benefits of experiments. In experiments variables can be controlled, providing evidence of additional and specific support in favour or against theories and hypotheses. Ethnobiologists often blindly rely on their findings or on the motivation of researchers with different backgrounds and from different disciplines to pick up and draw on their data for experimental research, instead of taking on the challenge themselves and bring their research to the next level. I argue that by including experimental approaches and engaging in translational research next to describing reality and testing hypotheses the contribution of ethnobiology to the Sustainable Development Goals (SDGs) could be more relevant.
Clearly not all hypothesis testing, and experiments are automatically constructive. Lakatos proposed to focus on research programmes instead on isolated hypotheses as the descriptive unit of achievements [5] because research programmes have “auxiliary hypotheses” and a problem-solving machinery serving as a “protecting belt” in place. In the case of interdisciplinary research programmes such as ethnobiology, ethnobotany and ethnopharmacology the protecting disciplines are biology, history, phytochemistry, pharmacology, medicine, cultural anthropology, ecology, agronomy, and economy, including all their methodological and experimental approaches [35].

Experimental studies in the context of ethnobiology
Probably conditioned by Brent Berlin’s studies (e.g., [37]), for me ethnobiology is closely tied to human interpretation and classification of environmental sensory inputs and the perception of taste, smell, chemesthesis, vision, acoustics, and touch. Berlin and Kay’s research that led to the proposal of basic colour terms as a biological law was based on an experimental approach [38]. The proposed rule about the lexicalization of the colour space associated with stages of linguistic evolution got later relativized by Berlin and Kay themselves and by others [39] but breached a new dimension in ethnobiological research.
It was a natural experiment that lent support to the hypothesis that natural views as opposed to urban sceneries, may have a restorative effect. Patients assigned to a hospital room with a window view on trees were discharged earlier, required less analgesic medication, and suffered from fewer postoperative complications [40]. The positive effect on general health and well-being of practicing Shinrin-yoku (forest bathing) has been assessed by clinical trials [41]. This practice of mindful engagement with sensory stimuli emitted by forest environments originated in Japan. For instance, a comparative study of the physiological and psychological effects of Shinrin-yoku suggests a positive outcome on mental health and blood pressure [42]. A simultaneous contribution of different factors such as physical activity, overall relaxing effect of acoustic signals [43], green environment [44], the pharmacologic effect of plant volatiles and the volatilome [45] are plausible. Music is a universal cultural achievement used in healing rituals and ceremonies [46] and for directing emotions in general (e.g., film industry). Cumulative experimental evidence supports the idea that music has therapeutic potential [47] (especially for improving cognition and memory with patients suffering from dementia and Alzheimer’s disease [48, 49].
In the specific case of forest bathing experiments could help to assess efficacy of individual factors, including their intensity or dose, and their potentiating and synergistic effects lending additional scientific credit to this practice. On the contrary, homeopathy, a more recent alternative and complementary form of medicine that was invented ad hoc has not shown any efficacy beyond the placebo effect, i.e., the meaning response [50, 51]. Evidence-based data is important for informing practitioners, patients, and social security to allow for informed health care choices and health care provision. Clinical studies on the therapeutic efficacy of sensory inputs serves decision making so that, instead of getting prescribed homeopathic medicines or tranquillizers, patients eventually get prescribed a walk in the woods or a combination of different treatments. A meta-analysis including experimental studies found evidence for the efficacy of smell-training on the recovery of olfactory loss [52]. Olfactory loss (anosmia) and taste loss were also frequent symptoms of COVID-19 and found to be the only symptom associated with depressed mood and anxiety following infection [53]. A systematic review based on experimental studies highlighted that in general, depressed patients had increased olfactory dysfunction compared to healthy participants while patients with impaired olfactory performance showed depressive symptoms progressing in severity with increasing olfactory dysfunction [54]. On the other hand, aromatherapy was found to be effective in clinical trials with patients suffering from anxiety and stress [55]. There is thus substantial experimental evidence stemming from a variety of approaches, experiments and perspectives that spending time in nature and the frequent use of aromatic herbs in the treatment of psychological problems in traditional medicine [56–58] has an evidence base. I think this is very nice to know beyond any personal preferences or morbidities.
Also, taste and flavour properties of botanical drugs are often reported to be important selection cues in traditional medicine [14, 59–62]. However, chemosensory qualities in ethnobiological studies are rarely experimentally assessed with the help of double-blind tasting panels and by challenging research participants with samples. Conducting a tasting panel can be fun and provides much more reliable data than simply asking for taste and flavour properties trying to retrieve participants’ memories. In fact, plant drugs can elicit a range of chemosensory perceptions and they do so to varying degrees. Recently we used chemosensory qualities of 700 botanical drugs assessed by 11 panel participants to predict therapeutic uses as described in an ancient medical text. The results, corrected for shared ancestry of botanical species, suggest that chemosensory perception and perceived physiologic effects guided ancient therapeutic knowledge linking it to modern pharmacology albeit aetiologies have completely changed [14]. Experimental evidence also suggests that it is not simply bitter which is the ‘better’ as suggested [62] but that those bitter tasting edible herbs are concomitantly salty or umami in taste which makes them more palatable and acceptable for food [63].
Especially in medicine many new discoveries were made through experimentations, evaluated by means of standardized experiments and due to serendipity in the context of experiments [64, 65]. Without medical and pharmacological experiments most of us would not sit here and read these lines. If the claims made in traditional medicine were all correct there would be no need for ethnopharmacology or evidence-based medicine at all. The panacea would be within anyone’s reach, and we would probably live in a brave new world [66]. However, this is not the case and although indigenous people are generally not waiting for field researchers to poke their nose into community affairs, once accepted as a foreign investigator or collaborator of their medicinal customs, indigenous people are interested in knowing whether their medicines are effective (personal observation). Often, it is impossible to give an informed response because data are not available for all botanical drugs, or they are not meaningful for the traditional context (e.g., antioxidant in vitro effects). This anecdote highlights that also indigenous people may nurture doubts about the efficacy of their medicines and that there exists interest in knowing the other, Western perspective, as well. In this context it is important to distinguish between efficacy which describes the capacity of an agent to produce an effect under standardized conditions and effectiveness, describing the therapeutic success in real-life practice and within a cultural setting [67, 68]. Traditional use can give some indications about safety profiles but adverse effects that manifest with delay such as hepatotoxicity or nephropathy (kidney disease) are not easily recognized. For many indications effectiveness is even more difficult to appreciate because of confounding factors such as severity of symptoms, self-limiting diseases (such as infections) and the restorative power of the human body. Therefore, ethnopharmacologists design laboratory experiments reflecting as accurately as possible the traditional application to provide information about the medicine’s efficacy and possible adverse effects [69, 70].
Importantly, descriptive studies besides informing experimental studies also serve as a basis for meta-analyses and review papers that consider associated experimental studies. Lack of systematic reviews about experimental data providing evidence or its absence regarding traditional and complementary medicine in Mesoamerica and other regions of the world is linked with insufficient health care strategies and culturally pertinent health materials [58]. Integrative medicine is an important pillar for achieving universal health coverage (UHC) for underserved populations and access to appropriate medical care is central for achieving Sustainable Development Goal three (SDG 3 “Ensure healthy lives and promote well-being for all at all ages”; https://​sdgs.​un.​org/​goals/​goal3) of the UN Agenda 2030 [71, 72]. In order to fill this gap, we used a consensus approach based on the Mesoamerican Medicinal Plant Database to reflect acceptability and therapeutic importance for a critical assessment of the available pharmacological and toxicological data of botanical drugs [58].
The development of medicines for chronic illnesses and life-promoting medications that can be commercialized in the affluent Western world are appreciated more by stakeholders. In urban areas food supplements and remedies for life-style diseases are important product sectors sourced from herbal drugs and plant-based medicines. However, in a situation of health emergency termed double-burden of disease [73] marginalized populations, in addition to combatting insurging life-style diseases, continue to fight neglected infectious diseases with botanical drugs [58, 74]. Investigations of traditional treatments of rare and neglected parasitic and infectious diseases [75–78] deserve more attention by ethnobiologists and ethnopharmacologists because major pharmaceutical companies show little interest in developing medications for a segment of the population with limited purchasing power [79]. Clinical studies involving humans are beyond what single academic groups can do. A possible way to assess the effectiveness of traditional medicines is by conducting retrospective treatment outcome (RTO) studies (open field experiments), where defined disease-related parameters are retrospectively assessed for clinical outcomes [80]. Food drugs qualify as good candidates for RTO studies because they generally show a high acceptance and are associated with low toxicity. Also, the field of veterinary research is accessible for ethnobiologists [81]. For instance, a placebo and antibiotic standard treatment-controlled study assessed the effect of garlic (Allium sativum L.) on weight gain and postweaning diarrhoea in piglets. Garlic showed positive effects on weight gain but no prophylactic effect on postweaning diarrhoea leaving the search for anti-diarrhoeal herbal products able to reduce antibiotic treatment open [82].
The therapeutic value of crude animal drugs is often limited to culture-specific symbolism [83]. Belief in therapeutic effectiveness of animal products prompts illegal trade resulting in a negative impact on the probability of survival of wild animal populations as well as the welfare of individual animals [84, 85]. Redirecting therapeutic demand towards products without conservation issues are more likely to be crowned by species conservation success than simply trying to reduce demand without offering alternatives. It was shown that Traditional Chinese Medicine (TCM) users remained unaffected by information appealing to reduced consumption but that especially the more regular TCM users had a positive attitude towards the idea of buying alternative botanical products [86]. In another study, using an online survey directed to 1000 medical practitioners in China, 86% of respondents reported the willingness to substitute animal-based materials with botanical drugs, provided, that safety and effectiveness was comparable [87]. Though it is challenging to find culturally acceptable plant-based substitutes this might be achieved in close collaboration with traditional healers, vendors, and an experimental assessment of consumers preferences. This proposal is not about trumping indigenous peoples’ rights to maintain their traditional health-care practises, but to actively involve them in generating information protecting their environment and traditions.

Conclusions
While we should avoid transfiguring modern knowledge and science as categorically superior over traditional knowledge there is also no need to romanticize traditional knowledge. Which approaches, strategies and knowledge can provide the best solutions depends always on the specific context. However, for achieving most of the SDGs there is no way around insights gained from experiments. There is much space for ethnobiologists for engaging in experimental research dedicated to sensory biology and health, traditional medicine, ethnopharmacology and ethnoveterinary research, traditional ecological knowledge, domestication of wild edible plant species, food preferences (landraces, wild vegetables and fruits versus commercial crops, evaluation of traditional recipes), pet-therapy (healing with animals), aromatherapy as well as the analysis of music, or incense and smoke constituents in the context or healing rituals. For an impactful ethnobiology, as with most scientific fields, broad interdisciplinary knowledge and a research agenda including next to descriptive, and hypothesis-driven studies also experimental work is essential. Though ethnobiology and TEK have a strong spiritual component, science as practiced today cannot capture it. It is important that ethnobiology avoids spiritual bypassing and that it builds its science on evidence and not on opinions.
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