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Attributing sentience to organisms is  
not a harmless academic exercise.  

Ethical and conceptual implications need to be  
centred in our terminology and methodology again. 

This will be an uncomfortable essay to read; it is honestly also an uncomfortable essay to write. 
But this essay is about the uncomfortable implications of attributing wide-spread sentience, and 
avoiding discomfort here would undermine its point. 

When I speak of sentience, I refer to an entity’s capacity to consciously experience a stimulus in 
a minimally meaningful sense, rather than merely detecting and automatically responding to it. 
This does not require anything as lofty as self-consciousness, language, reflection, or even a 
particularly deep experience – just anything being felt at all. To illustrate how striking the 
difference between sentience and non-sentience still is, consider the contrast between a laptop 
and a dog being exposed to heat. Both share the ability to detect and automatically respond to 
that stimulus. A laptop-sensor detecting heat will trigger fan activity; a heat spike might trigger 
alerts or automatic shutdowns. A dog on a warm day will pant; a dog touching a stovetop will 
detect nociception, and flinch back before it has even consciously processed it. But the dog will 
also consciously experience pleasant warmth, or a painful burn. Meanwhile, the laptop will not 
enjoy an optimal temperature or experience suffering from a suboptimal one. A dog is sentient; a 
laptop is not. 

Notably, nowadays I can rely on my audience believing that dogs are sentient in the above 
sense, and believing that it is hence not ethically acceptable to torture them without good cause. 
But this wasn’t always the case. Descartes famously argued that non-human animals are 
“natural automata” whose struggling and screams have a “purely mechanical” source, like a 
clock spring making a noise when dismantled, and used this argument to justify vivisection of 
dogs.   i

In the past decades, research has increasingly uncovered that the ability to feel pain or at least 
some kinds of suffering is far more wide-spread than previously realised.  It has become clear ii

that consciously experiencing negative stimuli allows an organism to devise flexible long-term 
responses to it, and that this is a significant evolutionary advantage that has repeatedly 
independently evolved; sentience appears to be deeply entangled with the evolution of 
intelligence.   iii

Troublingly, the evidence of a capacity for suffering is meanwhile conclusively positive for all 
live-stock animals, as well as other animals killed for food (notably, fish , octopodes , some iv v

crustaceans ), and particularly commonly killed research animals and pests (rodents ). This vi vii

means that restrictions on hurting these animals are in direct conflict with cultural practices, 
research practices, and the daily life of the average human; asking for these restrictions is 
hence immensely unpopular, specially in the neuroscience community which works so much 
with invasive animal research and fears a threat to scientific progress. Working out the exact 



restrictions required is also messy and confusing, because there are few simple answers when 
fundamental moral interests collide; data and logic alone do not cleanly solve these dilemmas, 
and ethics is a legitimate field of its own in which researchers such as myself are generally not 
primarily trained or oriented towards. 

A way to deal with this as a researcher wishing to be published, hired, and funded (which we all 
understandably do) and working in topics related to sentience, such as empirical research into 
pain perception and stress in animals, or philosophical theories on the origin and function of 
consciousness, is to ignore the ethical implications of our work as much as possible. Notably, 
this generally does not mean a researcher questioning whether suffering should be linked to 
moral rights,  but rather leaving the ethical implications of their work as vague or for others to viii

handle.  I have been guilty of this myself, because I did not want to alienate potential employers ix

or collaborators by questioning the basis of their work and revealing I am vegan. 

This strategy seems to be working to make animal sentience claims more palatable, as 
evidenced by the increasing number of publications, journals and conferences, but also news 
articles and well-selling books for a general audience on this topic.  The response when x

sentience is ascribed to a novel group has shifted from ridicule out of hand to open-minded, 
albeit sceptical curiosity, and this is a wonderful change. 

But it has come at a severe price. Disentangling research into sentience from its concrete 
ethical implications does immense harm. 

In the following, I want to highlight three forms of harm in particular. 

1. The most obvious: The rights of demonstrably sentient creatures are not protected, not 
even measured up against competing interests, but rather entirely disregarded, even after we 
know better, and in our own labs.  

For example, despite a long campaign by the fishing industry to convince us otherwise, we now 
know fish feel pain; yet changes to our fishing, finning and angling practices have been entirely 
insufficient.  Only about 1 % of the human population live vegan, and meat consumption is xi

globally on the rise, with drastic implications not just for animal welfare, but also for climate 
change and human interests.  Clearly, if researchers, who understand their own work best, do xii

not spell out and live the obvious implications of their work, the general populace is not prone to, 
either. 

Furthermore, the very idea that ethics can be separated from pure research, and can hence be 
delegated to other people after our research is done, is erroneous. Treating ethics as an issue 
separate from research leads to paradoxical situations: e.g. researchers who seek additional 
proof that a particular animal is capable of suffering (and hence deserving of protection), and 
who do so by intentionally inflicting suffering on these animals in the lab over and over again. Is 
hurting sentient creatures really the only or best way for us to prove their capacity for suffering, 
when there is ample evidence of suffering in the wild, where it can be observed in the natural 
context in which it evolved as a beneficial and meaningful trait?  xiii

Similarly, researchers argue for the use of chimpanzees or at least macaques as model 
organisms in neuroscience experiments on conscious experience, based on recognising their 
far-reaching similarities to the humans whose brains we wish to better understand; yet it is this 



very similarity and the potential for suffering implied by it that should also give us pause 
ethically.  xiv

2. Having disentangled attributions of sentience from its ethical implications, and made liberal 
attributions increasingly rewarding for those working in academia, sentience is now casually 
attributed to organisms that almost certainly lack it - with harmful consequences. 

The most egregious recent example is attributing sentience to trees.  I share the sense of awe xv

felt when touching an ancient tree and the determination to protect it, but our feelings are bad 
guides when it comes to judging their sentience. The evidence suggests that the tiny, ugly 
creatures crawling on those giants feel more than the oldest tree ever will.  

When confronting authors with the lack of evidence to support the use of this extraordinary term, 
I am frequently told that attributing sentience despite evidence lacking is the safer, more 
harmless option than remaining undecided or denying sentience.  But in real-life contexts, this xvi

is demonstrably false; it risks damaging an ecosystem for the sake of an individual with no 
sentience to appreciate it.  

The very evidence often given for tree sentience – namely, the mycorrhizal networks trees use 
to exchange nutrients with each other – might end up supporting a scenario where the best way 
to fell an elder tree, if really necessary, is to kill it slowly, allowing it to pass its carbon on before 
it dies, and for its place in the web to be taken over gradually.  If this proves to be so, having xvii

misled people into thinking that sentient trees need to be protected from being tortured to death 
would end up harming forests.  

It is also harming humans right now; humans who take statements on plant sentience at face 
value – after all, they have been put out by serious researchers – and hence change their diet, 
and that of their babies, to a fruitarian one: only eating fruits that have fallen of trees, so as not 
to hurt plants. As a result, they badly harm actual sentient beings, to the point of disability and 
death, for the sake of organisms whose sentience is purely hypothetical.   xviii

Unjustified ascriptions of sentience are not harmless; the currently all too real US example of 
demonstrably sentient women being forced to become mothers or get an illegal and hence risky 
abortion, just to protect an eight day old blastocyst from being killed by an IUD, should also 
illustrate this. 

3. Crucial conceptual differences are lost, harming sentient creatures and scientific 
progress 

In response to my criticism above, I am typically told that this is not what the researcher means 
when ascribing sentience to a plant; they mean something else, which has no ethical 
implications, and is very unlike the sentience experienced by a human.  

But then why use the term? Why use the many terms from the realm of philosophy of mind 
(“intelligence”, “cognition” ) and neuroscience (“nervous system” ) now being applied to trees? xix xx

Why talk of plants “modelling”  their surroundings when their growth pattern is affected by xxi

several forms of sense data, even though the plants do not connect these separate stimuli into a 
coherent whole ; of trees “talking”  to each other, when the processes involved are not a xxii xxiii



symbolic language with meaning, but more akin to the organs in a human body coordinating 
with each other to regulate blood sugar levels?  

If we define all physical changes that occur inside a plant as a response to outside stimuli, and 
which affect future responses from the plant, as “memory”, we must concede that a piece of clay 
compacting after being dropped, and thus becoming more resistant to future shape changes, 
has also demonstrated memory of its falling. Taken at face value, many of these definitions 
ascribing marvellous abilities to plants would equally apply to trivial mechanical devices, to 
whom we would never attribute any mental capacities.   xxiv

Then why would we attribute them to plants? – The answer I am frequently given is that the 
capacity of plants to sense, learn and adapt to their surroundings is an instructive precursor to 
actual sentience, allowing us to understand the first steps towards it. This is certainly true; but 
equating a precursor to it with the phenomenon of sentience itself does not aid scientific 
progress or public understanding. Both require us to precisely articulate what marvellous things 
the plants actually do and do not do, to build a solid foundation and a clear idea of what still 
needs to be uncovered en route to understanding sentience. Language matters. 

The research into plant networks is fascinating and useful in its own right; when researchers feel 
pressured to mystify their findings in order to be heard, our system has a problem.  xxv

It is when highlighting crucial differences between organisms that we understand important 
transitions and their impact. For example, honey bees and ants are both social insects, but the 
evidence for sentience seems tentatively in favour for bees, but likely not for ants. This has a 
startling impact on the intelligence, problem solving and organisation of a hive: an ant colony 
organises itself automatically, without conscious direction, which is surprisingly effective for 
finding short routes and constructing the mound, but entails bugs such as ant mills . On the xxvi

other hand, honey bee scouts vote on the best location for the new hive using a gestural 
language.  Equally attributing sentience to insects as a whole class erases these crucial xxvii

differences which are so instructive for understanding the function of sentience and its 
entanglement with intelligence. 

In conclusion: 

Sentience and ethics are inescapably entwined. As we discover undeniable evidence of 
sentience in the animals that humans use for food and research, this leads to uncomfortable 
and hard to solve ethical dilemmas. But ignoring these is not an option. Even when we do not 
have all the answers, we must consider the implications of our work; both when choosing our 
terminology, and when choosing our methodology – even when that means reconsidering long-
held practices and standards. 

Author contact: 

You can reach me at katharina.dornenzweig (ät) uni-leipzig.de , though I tend to take a while to 
respond to emails – I often decouple for focussed writing or time in forests. 

If you have found evidence that plants suffer – specifically not just have a capacity for 
nociception (detecting damage/threats), but consciously experience suffering – please send it to 



me. Despite many papers coming out with titles seeming to promise this, I have not seen any 
such evidence, and see many data points and arguments pointing to the fact that plants lack the 
necessary functional capacities to develop it, and more importantly, would gain no evolutionary 
benefit from doing so; I argue elsewhere that sentience is a functional adaption to enable 
rational, counter-intuitive responses to novel situations via insights learning, and do not see how 
these are useful in light of the limited contexts encountered by and limited behavioural repertoire 
of a sessile, extremely slow moving organism. Yet the field is expanding so quickly that there is 
a lot of research I am not aware of, and many scenarios I have thought about where I would 
expect plants to fail, but am unaware of anyone actually having tested it. I know from my 
research into language abilities in non-human animals how prone humans are to dismiss 
possibilities before even checking, and to fail to recognise a function just because it looks 
different in non-humans, and really hope that my judgement is based on objective criteria, not 
anthropocentric bias. 

This would be a terrible thing to be wrong about; e.g. I advocate grafting edible fruit and nut 
branches onto ornamental city trees to improve the access of poor communities to free, healthy, 
climate friendly food resilient to supply chain disruptions. I do so because I believe it makes the 
world a better place. But the ancient grafting practice is literally tree surgery without 
anaesthesia. Do you have evidence that I am torturing a sentient mind if I do this, that grafting is 
an ethical wrong? And if you sincerely believe this, how do you live your life in accordance with 
this belief? 

Acknowledgements: I would like to thank Kathinka Evers, who hosted me as a visiting 
researcher at the Centre for Research Ethics & Bioethics Uppsala in an incredibly welcoming 
and supportive manner, and who encouraged me to jot down these ideas after a discussion and 
submit them for this contest despite us disagreeing on parts of it. I would not have done so 
without her. 
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Endnotes
 Descartes 1637, 1646 & 1649 in Regan & Singer 1989, p. 18.i

 Cf. Low 2012.ii

 Cf. Dornenzweig: Manuscript in preparation; 
iii

cf. Earl 2014, Earl 2019.

 Cf. Braithwaite 2010.iv

 Cf. Godfrey-Smith 2017.v

 Cf. Godfrey-Smith 2020.vi

 Not only is the sentience of rats without doubt; rats also understand that other rats have vii

minds that suffer, care about them and free them when they can. In experimental setups, when 
rats encounter another rat trapped in an uncomfortable restraint, and a pile of chocolates, 
instead of eating all the chocolates while a competitor is restrained, the free rat will work hard 
to free the trapped rat and give it some of the chocolate. Even when they see that the rat will 
be released into another container, so they will not be able to play or mate with it, or gain any 
reward beyond seeing someone else freed, they do not stop rescuing further rats. Cf. Bartal et 
al. 2010. - Notably, we have reached a point in our scientific training where our research 
findings, their ethical implications and the methodology we use to learn more are so 
disentangled that researchers see no issue with their finding that rats suffer from being 
imprisoned, especially tightly restrained, want to get out and do not wish to see each other 
suffer, and yet simultaneously designing more methodologies in which imprisoned rats are 
uncomfortably restrained; and in documenting that rats show a degree of empathy that we as 
researchers are trained to lose or supress. Even if we were to assume that the only objective 
way to investigate altruism or empathy in rats were with such experiments in captivity (is it?), 
and that the experiments warrant the results (but if the researchers do not make any changes 
as a result of their findings, what changes benefiting rats are they expecting to effect in 
others?), the money spent on a rat restraint another rat can open could instead have been 
spent on beautiful rat playgrounds with access doors that can only be opened from the 
playground side, allowing the rats to spread some additional happiness between them rather 
than needlessly suffer more.

 While not all moral theories centre sentience exclusively – a position known as viii

pathocentrism, famous for Jeremy Benthams “The question is not, Can they reason?, nor Can 
they talk? but, Can they suffer?” (Bentham 1789), and further expanded upon in Singer 2002 
[1975] – the vast majority of ethical theories see consequences inflicting suffering as something 
that needs to at least be taken into account. But there are moral theories which do not, instead 
only granting moral rights to those who are part of a social contract and/or capable of 
understanding and following the ethical rules themselves. Notably, such accounts do not only 
exclude non-human animals, but also young children, the elderly with dementia, mentally ill or 
handicapped humans and others from our moral consideration. E.g. Immanuel Kant excludes 
children born out of wedlock from human rights, and argues for giving up politically persecuted 
people rather than lying to authorities, as the suffering of the persecuted person should not 
affect our moral decision making and lying is morally wrong (cf. Kant 1956 [1797]). The author 
of this essay does not find such positions tenable, but considers them as either blatant 
anthropocentrism, or eugenics, and to be condemned either way.

 I purposefully decided against singling out an author here; it is a systematic problem that ix

raising ethical implications is penalised, and the authors are often privately clearly concerned 
for the animals they are writing about.



 Animal Sentience is its own journal: https://www.wellbeingintlstudiesrepository.org/animsent/
x

Peter Godfrey-Smiths absolutely excellent 2017 and 2022 books on consciousness in 
octopodes and other marine non-mammals reached a broad scientific and general audience.


But there has also been an uptick in sensationalised news articles on sentience in places where 
it is clearly absent, even in reputable newspapers like The Guardian, see e.g. Lusher, Tim: “The 
man who thinks trees talk to each other”, in The Guardian, published 2016.09.12, last accessed 
on 2022.06.01 at https://www.theguardian.com/environment/2016/sep/12/peter-wohlleben-
man-who-believes-trees-talk-to-each-other; 

and Suzanne Simard’s recent book Finding the Mother Tree. Discovering the Wisdom of the 
Forest became a New York Times Bestseller, apparently not despite, but because of the 
unfortunate spin she gave to her otherwise solid, fascinating and important work.

 Angling large fish for sport, not food (that is, torturing and often killing a fish for recreational xi

purposes) is still a common practice. About a trillion fish are slaughtered each year for 
commercial consumption, and most of these are not killed humanely (that is, e.g. stunned by 
being hit or electrically shocked, which while not trivial or cheap to implement, is proven 
possible) but e.g. slowly suffocate to death in masses on deck. Extensive bycatch (such as 
sharks, endangered seabirds, turtles, and even dolphins, whose intelligence and sentience is 
troublingly similar to that of humans) is not even eaten, but simply killed and discarded to save 
the convenience of modifying nets to target species more precisely, rather than scooping up 
everything in their path. About 100 million sharks are finned per year, often cast overboard alive 
and utterly helpless until they die slow deaths. (cf. Worm et al. 2013)

  Not using plant protein for direct consumption, but feeding it to animals and eating them xii

instead comes with a huge loss of calories and nutrients that the animal uses up to survive, 
worsening human starvation in developing nations – a particularly critical issue this year, with 
Russia blockading Ukrainian exports. Unless the animals eaten are fed exclusively on plants 
growing in areas impossible for humans to farm or in dual food forest use, this is simply an 
inefficient use of critically limited resources on an overcrowded planet.

As a result of meat production, far more food needs to be grown than humans themselves 
would need (and still without feeding everyone), more rainforest is cut (and carbon released), 
more land is stopped from rewilding, with terrible effects for species loss, worsening the on-
going mass extinction. Water usage is also much higher, which may well become a critical 
issue on a heating planet. 

The meat industry also leads to a heightened chance for human disease and pandemic 
outbreaks, be it via industrial livestock animals being kept in close proximity (e.g. swine flu), 
being fed to each other to conserve protein and so transferring brain prion diseases (e.g. BSE), 
infringing on wild lands and hence disturbing bat populations, or wild animals themselves 
being traded at wet markets for food and spreading zoonoses (e.g. one of the potential 
explanations for SARS-CoV-2). 

Meat production also has a significant climate impact via the production of methane and the 
destruction of rainforest for livestock feed.

Yet “production of meat has doubled in the 30 years from 1988 to 2018 and increased four-fold 
since the mid 1960s. And production is expected to continue to grow. By 2050, global meat 
consumption is projected to reach between 460 million and a staggering 570 million tons. 570 
million tons would mean a consumption of meat twice as high as in 2008.” ( https://
www.theworldcounts.com/challenges/consumption/foods-and-beverages/world-consumption-
of-meat/story ).



 Take the following example, which gives conclusive evidence of the capacity of sharks for xiii

suffering (as discussed in my talk at the ESPP 2021):

Sharks frequently end up with fishing hooks lodged into their skin, often inside their mouths. 
Lacking hands, they cannot dislodge them; the hooks stay in until they eventually rust to bits. 
This seems to lead to no functional impairment, so conventional wisdom is for humans to 
ignore it, as it was traditionally thought that fish, especially sharks, did not feel pain, and pulling 
a hook out of a shark is an extremely risky activity for the human involved. Cristina Zenato, who 
has been diving professionally with sharks for 25 years, eventually ignored this advice, and –- 
carefully, using all her expertise in reading sharks, and in protective gear –- removed such a 
hook. The consequences were fascinating. Sharks with hooks lodged in them, including sharks 
she had never interacted with before, started actively seeking her out. When she removes 
these hooks –- which often involves sticking her whole arm inside shark mouths -– this process 
appears to be very unpleasant for the sharks; they start writhing, as though struggling with very 
uncomfortable sensations. But remarkably, every one of them has managed to suppress the 
urge to bite down on her arm. After the unpleasant hook removal, the sharks are very trusting 
of her and friendly towards her, sometimes placing their heads in her lap to be pet (cf. https://
www.youtube.com/watch?v=1vNkK80CXPA ). This behaviour is consistent with conscious pain 
experience, not mere nociception: the sharks seek out hook removal, because the hooks hurt 
them; yet they suppress automatic biting during painful removal, and are friendly to the person 
doing the painful removal, because they are able to interpret their pain and react to it in an 
intelligent, novel way. This example is also interesting because it was not designed as an 
experiment in a limited context, but naturally arose from friendly, respectful interaction with free 
animals. Such a setup is generally seen as unscientific, but these concerns seem unfounded 
here: Ms. Zenato has meanwhile removed, and kept as evidence, over 300 such hooks, and 
the removal itself and behaviour after has often been taped. This should satisfy any 
experimenter that this is not a one-time occurrence, but common where humans interact 
respectfully and kindly with animals.

 My article on experiments in teaching non-human animals (esp. primates and birds) human xiv

languages looked at this conflict more closely, with the success of the experiment 
demonstrating human-like abilities simultaneously making it untenablee - e.g. with animals 
using the very language taught to them to resist their situation. Cf. Dornenzweig 2015.

 Cf. Wohlleben 2016.xv

 E.g. at a presentation of Michele Farisco’s “Liberal Biopsychism: a model of the connection xvi

between life and consciousness.” at Uppsala University on 2022.05.16

 Suzanne Simmard seems to hint at such a possibility herself in this interview: https://xvii

nautil.us/where-to-see-the-real-living-dead-8612/



 The link between the two is explicit. See e.g.: “I believe that plants are sentient and can feel xviii

pain. So, I only eat fruits! I do not eat cereals, leafy greens, nuts, or seeds. (…) When we eat 
their leaves, their stems, their roots or their seeds, we harm them. On the contrary, when we 
eat their fruits and disperse their seeds away, we fulfil their wishes.” https://
www.purefruitarian.org/

Research into fruitarian babies quickly degenerates into digital self-harm, but copious 
examples, including irreversible damage and fatalities, can be found in online newspapers; the 
parents happily advertising their choices while skeletal babies are seen in the background 
missing milestones and attempting to eat any object they get their hands on are also viewable 
on multiple youtube videos. Anyone who says speaking of plant sentience does no harm 
should look at these.

Notably, newspaper articles often report these cases as damages inflicted by vegan parents, 
thus frightening other parents away from using vegan food for their children.

Carefully planned vegan diets are suitable for all periods of life, many common commercial 
baby formulas are vegan with the exceptions of wool-derived vitamin D3 (this is true of most 
regular soy-based baby formulas), while completely vegan soy-free formula is also available, 
and causes zero problems. Notably, vegan formula is not simply supermarket soy milk, and 
non-vegan formula is not simply supermarket cows milk; these are merely used as base 
ingredients, carefully sterilised, enriched and tested. But the issue with Frutarian formula is not 
just that it is mixed at home, without any means for quality control, which is uttterly 
irresponsible; it would also fail every test, as the composition of the base ingredients is 
completely unlike those a baby would need. A baby with its small stomach, undeveloped 
digestive and immune system and huge needs as it rapidly grows is utterly dependent on a 
nutrient dense, easily digestible and uncontaminated diet which is complete and neither under- 
nor overdosed in all macro- and micronutrients. This cannot be achieved by raw fruit. A 
number of low-calorie, high fibre, raw foods which are beneficial for adult humans as a limited 
part (!) of a well-balanced diet, in our modern world in which sedentary living and obesity are 
common, will leave a baby with a full stomach stopping it from eating more, yet lacking in 
nutrients, and resultingly critically malnutritioned at a stage where it is rapidly developing and 
missing nutrients or calories quickly have severe and often irreversible impacts.

 Consider conferences like “Green Intelligence - Debating Plant Cognition”, University of xix

Basel. (Co-Organized with Markus Wild and Peter Schulte). (Speakers: Todd Ganson, Carrie 
Figdor, Fatima Cvrčková, Marc Artiga, Mohan Matthen, Paco Calvo, Ines Kreuzer, Fred Keijzer). 
October 21-23, 2021.

 https://sitn.hms.harvard.edu/flash/2019/exploring-the-underground-network-of-trees-the-xx

nervous-system-of-the-forest/

 Cf. Farisco, Manuscript in Progress.xxi



 E.g. Plants appear to respond to the presence of competitors by growing around them, xxii

leading to talk of the plants awareness of other plants. But this does not mean that they have 
constructed a 3D map containining their competitors which they then plan to grow around. We 
know this because we can trigger the identical behaviour by placing a plant with a grey paper 
sheet to the left and a green paper sheet to the right. They will grow towards the grey rather 
than the green. Following this simple rule is certainly sensible for the plant; generally, green 
things may proceed to grow and shade you out, while grey things are rocks that do not change 
shape. With a complex enough environment, the resulting growth pattern may also look like a 
complex, careful avoidance strategy. But notably, it does not imply awareness of another entity 
- the plants are clearly not aware that their competitor is merely a green piece of paper.

The idea of awareness of another entity becomes even more ridiculous when we consider tree 
grafting. If you have in your garden a tree with nice roots, but you do not like the fruit it bears, 
you can cut off its top, and replace it with the top of another somewhat related tree - e.g. a tree 
with delicious apples onto an ornamental apple tree. You literally just stick these on top of each 
other, or jam branches into holes cut in the trunk, and tie them in place for a few weeks. Both 
tree sections respond to the detected tissue destruction by trying to heal the injury - and in the 
process, the vast majority of them (varying with how they are stuck to each other, when in the 
year this is done etc.) fuse. You now have a Chimera. The roots are supporting the production 
of completely alien fruit with distinct genetic material; there have been successful cases of 
grafting edible chestnuts onto oaks, or edible cherries onto their poisonous evergreen cousins 
native to another continent, or cucumbers onto pumpkins, with the fruit and seed bearing no 
genetic trace of the roots that nourished them. Surely, if plants were aware of their competitors 
around them, they would notice that a competitor is sitting right on top of them, using all the 
resources they are collecting to grow more competitors, and reject him? And yet humans have 
been doing successfully using this technique for millenia - any survivors of the French Wine 
pandemic affecting roots survived this way, many fruit trees available for purchase for 
gardeners have already gone through this process and anyone breeding apples routinely uses 
this strategy.

 https://www.smithsonianmag.com/science-nature/the-whispering-trees-180968084/xxiii

 Even where we go beyond them - e.g. when it comes to plant habituation to a repeated xxiv

stimulus - we reach a mechanism of “learning” that is near universal in biological organisms, 
being observable in e.g. amoebas, and can be replicated at the level of a single neuron. A 
single neuron that becomes mechanically incapable of repeat firing within a short time period 
because it runs out of calcium is not thinking in any meaningful sense. A number of such 
mechanisms used in concert can build up to remarkable processing; but by itself, it just does 
not constitute thinking yet. This is another example of mistaking a precursor for cognition for 
cognition itself.

 E.g. plants and animals both using GABA as a stress signal (Ramesh et al. 2015), raise very xxv

interesting questions into the evolutionary development of coordination between cells (as the 
authors point out), without having to claim that this makes tree networks akin to brains – there 
is more to brains than using a particular chemical and connecting cells. It is tragic that the 
crucial work of researchers like Suzanne Simmard was ignored for so long, with terrible 
consequences for forestry. But billing her work in such mystical ways now is a terrible solution. 
Popular science articles should not push this behaviour by making the leap from the superficial 
similarity of dendrites and tree roots to indicate the forest floor being a nervous system, like 
they do here: https://sitn.hms.harvard.edu/flash/2019/exploring-the-underground-network-of-
trees-the-nervous-system-of-the-forest/

 Footage of the ant mill phenomenon: https://www.youtube.com/watch?v=LEKwQxO4EZUxxvi



 This contrast will be expanded upon in detail in Dornenzweig, in progress. For the xxvii

fascinating process by which honeybees make an effective discussion and voting progress for 
a group of insects with brains so small they cannot hold too many concepts in their head at 
once, or count to large numbers, see Seeley 2011.
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