Forests in Canada were the backdrop for early experiments on whether trees can communicate through an underground fungal network.
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THE ‘MOTHER TREE' IDEA IS EVERYWHERE —
HOWMUCHOF ITISREAL?

Atheory about how trees cooperate has enchanted the public and raised the profile of forest
conservation. But some ecologists think its scientific basis has been oversold. By Aisling Irwin

twasacallfromareporter that first made
ecologist Jason Hoeksema think things
had gone too far. The journalist was
asking questions about the wood wide
web — the idea that trees communicate
with each other through an underground
fungal network — that seemed to go well
beyond what Hoeksema considered to
be the facts.

Hoeksema discovered that his colleague,
Melanie Jones, was becoming restive as well:
her peers, she says, “had been squirming for a
while and feeling uncomfortable withhow the
message had morphedinthe publicliterature”.
Then, athird academic, mycorrhizal ecologist
JustineKarst, took the lead. She thought speak-
ingoutaboutthelack of evidence for the wood
wide web had become an ethical obligation:
“Our job as scientists is to present the truth,
asclose aswecangettoit”.

Their concerns lay predominantly with a
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depiction of the forest put forward by Suzanne
Simard, aforest ecologist at the University of
British Columbiain Vancouver, in her popular
work. Her book Finding the Mother Tree, for
example, was published in 2021 and swiftly
becameabestseller.Init she drew ondecades
ofherownandothers’researchto portray for-
ests as cooperating communities. She said
that trees help each other out by dispatching
resources and warning signals through fungal
networks in the soil — and that more mature
individuals, which she calls mother trees,
sometimes prioritize related trees over others.

Theideahasenchanted the public, appear-
ing in bestselling books, films and television
series. It has inspired environmental cam-
paigners, ecology students and researchers
infieldsincluding philosophy, urban planning
and electronic music. Simard’'sideas have also
led to recommendations on forest manage-
ment in North America.

But in the ecology community there is a
groundswell of unease with the way in which
the ideas are being presented in popular
forums. Last year, Karst, at the University of
Albertain Edmonton, Canada; Hoeksema, at
the University of Mississippi in Oxford; and
Jones, at the University of British Columbiain
Kelowna, Canada, challenged Simard’sideasin
areview!, digesting the evidence and suggest-
ing that some of Simard’s descriptions of the
wood wide web in popular communications
had “overlooked uncertainty” and were “dis-
connected from evidence”. They were later
joined by other researchers, including around
30 forestand fungal scientists, who published
aseparate paper that questioned the scientific
credibility? of two popular books about forests
—one of them Simard’s — saying that some of
the claimsinherbook “donot correctly reflect,
and even contradict, the data”. The article
warns of “the perils of plant personification”,
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saying that the desire to humanize plant life
“may eventually harm rather than help the
commendable cause of preserving forests”.
Another review of the evidence appeared in
May last year>.

Simard, however, disagrees with these
characterizations of her work and is stead-
fast about the scientific support for her idea
that trees cooperate through underground
fungal networks. “They’re reductionist scien-
tists,” she says when asked about criticism of
her work. “They’ve missed the forest for the
trees.” She is concerned that the debate over
the details of the theory diminishes her larger
goal of forest protection and renewal. “The
criticismsareadistraction, tobe honest, from
what’s happening in our ecosystems.”

Robert Kosak, dean of the faculty of forestry
atthe University of British Columbia, supports
Simard and calls her “a world-renowned sci-
entist, a strong advocate for science-based
environmental solutions, anamazing commu-
nicator, mentor, and teacher, and awonderful
colleague”.

The dispute offers a window into how
scientific ideas take shape and spread in
popular culture — and raises questions about
what the responsibilities of scientists are as
they communicate their ideas more widely.

Conversation starter

Inherbook, Simardtells of anidyllic childhood,
with summers spent in the ancient forests of
British Columbia. While an undergraduate,
she worked ataforestry company, witnessing
clear-cutlogging at first hand. The experience
setthecourse ofher career. Ongraduating, she
took a government forest-service post, and
joined the University of British Columbia in
2002.Shestillworks there, running aresearch
programme called the Mother Tree Project,
which develops sustainable forest-renewal
practices.

One of Simard’s earliest papers appeared
in Nature* in 1997, describing evidence that
carbon could travel underground between
trees of different species, and suggesting that
this could be through an underground fungal
network. Nature put the paper onits cover and
dubbed the idea the wood wide web — a term
that quickly caught onandis now widely used
todescribe theidea (Nature’snews teamis edi-
toriallyindependent of its journal team).

Treeleaves turn sunshine and carbon diox-
ideintosugars, and some of this flows to their
roots and into mycorrhizal fungi, which grow
into the root tip and donate water and nutri-
ents in return. There was already evidence,
fromalaboratory study®, that carbon canmove
through the tendrils of the fungi that link seed-
ling roots together. But Simard’s approach,
a controlled experiment in clear-cut forest,
was “groundbreaking”, says David Johnson,
who studies the ecology of soil microbes at
the University of Manchester, UK.

She planted pairs of seedlings — one paper
birch (Betula papyrifera) and one Douglas
fir (Pseudotsuga menziesii) — close to one
another. She shaded the Douglas fir to pre-
vent it from manufacturing sugars. Then she
bathed the air surrounding each seedling
with traceable, labelled carbon dioxide. She
found carbon in sugars made by the birchin
theneedles of the shaded Douglas fir. Smaller
quantities of sugars from the fir were found
inthe birch.

A third seedling in each group — western
red cedar (Thuja plicata) — whichis not colo-
nized by the same types of mycorrhizal fungi,
absorbedless carbonthan did the other seed-
lings. The results, the authors concluded®,
suggest that carbon transfer between birch
and Douglas fir “is primarily through the direct
hyphal pathway”. That is, there could be an
active fungal pipeline connecting the roots
ofboth trees.

Over the years, Simard and other research-
ersdevelopedin published work theideathat
there could beacommon mycorrhizal network
inthe forest soil, connecting many trees of the
same and different species.

About a decade ago, Simard began to take
theideafurther,andintothe media.Inashort
film called Mother Trees Connect the Forest, she
said of forest trees: “These plants arereally not
individuals in the sense that Darwin thought

“They’rereductionist
scientists. They’'ve
missed the forest for
thetrees.”

they were individuals competing for survival
of the fittest. In fact, they’re interacting with
eachother, tryingto help eachother survive.”

In2016,ina TED talk thathas had more than
5.6 million views, she portrayed forest trees as
“not just competitors” — competition being
foundational to the understanding of how eco-
systems work — “but as cooperators”. Her 1997
experiment, she said, had revealed evidence
for a“massive underground communications
network”. Her later work, sheadded inthe TED
talk, found that some bigger, older “mother
trees”, asshe called them, are particularly well
connected. They nurture their young — pref-
erentially sending them carbon and making
space for them in their root systems. What'’s
more, “Whenmothertreesareinjured or dying,
they also send messages of wisdom on to the
next generation of seedlings.”

Then came her book — a memoir and
detailed account of her work. It has been
praised for its vivid and personal depiction
of the scientific life.

The book concludes that to escape envi-
ronmental devastation, humans should
adopt attitudes to nature that are similar to

those of Indigenous people. “This begins by
recognizing that trees and plants have agency,”
she writes.

Simard has worked to change forestry
practices in North America in line with her
ideas, for example by sparing the oldest trees
during clear-cutting so that they can provide
aninfrastructure for the next generation of
planted trees.

Challenging ideas

But academics were increasingly concerned
that the ideas and the publicity that they
were attracting had moved beyond what was
warranted by the scientific evidence.

The disquiet came toahead whenthe2023
scientific review! was published. The authors,
Hoeksema, Jones and Karst, have all collab-
orated scientifically with Simard in the past;
Jones was an author of the 1997 paper. The
review considers the evidence for popular
claims made about the wood wide web.

Their review has drawn praise forits scholar-
ship.Itis “the gold standard of how one should
tackle a contentious and important field”, says
James Cahill, who studies plant behaviour at
the University of Alberta.

Simard takes the opposite view: the paper,
she says, fails to see the bigger picture, and
its prominence is “an injustice to the whole
world”.

Thereviewlaid out what the authorsregard
as the three key claims underlying the popu-
laridea of the ‘mother tree’: that networks of
different fungi linking the roots of different
trees — known as common mycorrhizal net-
works (CMNs) — are widespread in forests;
that resources pass through such networks,
benefiting seedlings; and that mature trees
preferentially send resources along the net-
works to their kin. The scientists concluded
that thefirst two areinsufficiently supported
by thescientificevidence, and that the last “has
no peer-reviewed, published evidence”.

Some elements of the wood-wide-web
ideaare notindispute, they say. Forinstance,
mycorrhizal fungi can latch onto multiple
roots of the same plant; one species of fungus
canconnect with theroots of different species
of plant; and mycelia — a cobweb of fungal
tendrils — can spread over large distances.

But evidence for a CMN in trees — one in
whichanindividual funguslinks theroots of the
same or different tree species — is patchy, the
review authors say. There are well-documented
CMNs that link certain plants together: some
orchids use CMNs to connect with trees, for
instance, so that the orchids can feed on tree
sugars when they can’t make their own.

And lab studies have shown that a single
fungus can link seedlings of different tree
species. But, the authors say, the lab studies
compare with the forest in the same way that
human cells grown in a dish compare with
human bodies.
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Thereview authors found that the strongest
evidence for a CMN among trees in the field
comes from five studies published between
2006 and 2020 —some led by ecologist Kevin
Beiler, when he wasaPhD studentin Simard’s
group. Beiler, who is now at the University
for Sustainable Development in Eberswalde,
Germany, used DNA techniques to map the net-
works of genetically distinct fungiin patches of
old-growth forest, and found that they linked
many trees of different ages, all Douglas fir —
andthe larger the tree, the greater the extent
of its connections.

But Karst says that this doesn’t prove that
the fungus was simultaneously connecting dif-
ferent trees, because myceliadecay easily and
the technique would have picked up strands
that are defunct, as well as alive. And that
arduous mapping exercise has beenrepeated
for just two tree species — hardly grounds for
generalization, she says.

So, do these common networks exist? “The
consensus seemsto be they are probably there
but we doneed more peopleto gooutand map
them at a fine scale to show that,” says Jones.

The second claim explored by the review
is that resources travel through the CMN
and benefit seedlings. It has three parts. The
first — that resources do, by some means,
travel through the soil between plants, com-
mands some support, say the review authors.
Forexample, they highlight researchina Swiss
forest in which the canopies of certain trees
had been bathed inlabelled carbon dioxide.
The experiment showed that carbon ended
up intheroots of nearby trees.

Buttheauthorssay that proving the second
two parts of the claim —thata CMN is the major
conduit, and that seedlings typically benefit —
istricky. Laband field studies often cannotrule
outthatresources moved through the soil for
atleast part of the way. The review highlighted
threelabstudies thatdirectly observed carbon
moving from one tree seedling to another
through a mycorrhizal link, and these “are
still the best evidence for the movement of
resources within a CMN formed by woody
plant species”, say the authors.

In the forest, the authors found 26 experi-
ments reporting carbon transfer, but for each
transfer, there was an alternative explanation
for how the carbon travelled.

Somestudies don’tlook fora CMN but sim-
ply assess whether growing aseedling next to
an adult tree improves its performance. For
every instance in which a seedling benefited,
the review states, there was another study in
whichits growthwasinhibited. The results are
“ahuge smear from positive effects to negative
effects and mostly neutral”, says Hoeksema.

The third claimis that mature trees commu-
nicate preferentially with offspring through
CMNs, for example sending warning signals
after an attack.

“When I heard that out in public I thought
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‘Holy cow, that’s extraordinary’,” says Karst.

Theteamdid find onelab experiment, pub-
lishedin 2017 and led by Brian Pickles, who did
theworkasapostdocinSimard’s department,
that found that if seedlings were related then
more carbon was transferred between them.
Butithappenedinonly two of the four lineages
of seedlings, and it happened even when fungi
were prevented from making links with each
other — suggesting that one fungus exuded
itinto the soil and the other picked it up, the
researchers say. In the review, the authors
write that, for the third claim, “thereisno cur-
rentevidence from peer-reviewed, published
field studies”.

Karst says that one reason why ideas about
mother trees and their kin have traction in
the public domain is that Simard, in media
interviews and her book, has implied that
findings madein the greenhouse were actually
made in the forest, making the evidence seem
stronger thanitis. Simard disagrees. “Idonot,
and would never, imply anything misleading
when presenting research.”

Karst gives the example of a passage from
Simard’s book that describes a visit to a field
site made by Simard and her master’s stu-
dent, Amanda Asay. In October 2012, Asay
was exploring a question thatisimportant for
forestry — do seedlings stand a better chance
of survivalifthey grow near their mother tree,
and, if so, is this because they receive prefer-
ential help through a common mycorrhizal
network? Asay had blocked such connec-
tions in control seedlings by planting them
in mesh bags with pores too small for fungi
to fit through. What she found in that forest
experiment, Simard saysin herbook, matched

A spruce tree root with ectomycorrhizal fungi.

the theory that trees help their kin through
networks. “Seedlings that were [the mother
tree’s] kinsurvived better and were noticeably
bigger than those that were strangers linked
into the network, astrong hint that Douglas-fir
mother trees could recognize their own.” Yet,
when the review authors accessed Asay’s
master’s thesis®, they found that her field work
had discovered the opposite: that more non-
kin seedlings survived than did kin (although
the trend was not significant). As for the role
of networks, the thesis states: “Our hypothesis
that kin recognition is facilitated by mycor-
rhizal networks, however, was not supported”.
When asked about the discrepancy, Simard
says that Asay also did greenhouse experiments
for her master’sthesis, which used pairs of older
and younger tree seedlings, and showed that
older seedlings recognized younger kin and
sentthemmoreresources than they did to non-
kin. After that, Asay and others in the team did
find evidence that “there are responses that
clearly show kin selectionin those trees”.
Simard says that, when describing Asay’s
findingsin the forestin2012, she made a writ-
er’s choice to situate other findings as if they
werediscoveredinthe forest onthat day. “Isitu-
atedthestoryinthefield, because that’'swhere
the question came from.” That description, she
says, encompasses “the whole body of work”.
Asay’s subsequent work has not yet been
published, for a tragic reason: she died in an
accidentin2022. Her death was devastating for
thegroup and publicationstalled, Simard says.
“We’re about to publishthose papers,” she says.
Karst, Jones and Hoeksema'’s overall con-
clusionisthat CMNs do existin the plantking-
dom, andthatresources cantravelalongthem,
benefiting at least one party, and sometimes
both. In the forest, myriad mycelia extend
through the soil that are capable of link-
ing with trees, including those of different
species. Whether they form a live thorough-
fare, and whether resources travel through
it between trees, has yet to be demonstrated
inthe field. Whether there are, in general, kin
effects between plants was beyond the scope
oftheirreview, but the authors found nothing
tosupporttheideathatforest treestargetkin
through common mycorrhizal networks.
Theirreviewalsolooked at theliterature and
found that some scientists have selectively
cited and quoted from studies, boosting the
credibility of theidea. The main problem, the
review concludes, is not the quality of the sci-
ence. “The most concerningissueistherigour
with which the results of these studies have
been transmitted and interpreted.”

Rigour and reaction

Most of the response to the review has been
positive, says Jones. “We got a lot of letters
saying ‘thank you for doing that, it’s such a
relief’. But I was really surprised how many
of our colleagues said ‘you are brave’. That
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shouldn’t be, that you would have to be
brave.”

But some researchers have taken issue
with aspects of the review. Johnson disagrees
with the team’s decision to exclude evidence
for similar networks elsewhere in the plant
kingdom, including between orchids and
trees, and in grasslands and heathlands. It
means, he says, they were “ignoring 90% of
the work ... our default position should be
that we should expect mycorrhizal fungi to
connect many plants”. It'simportant, he says,
to take a collective view of the evidence.

He agrees with the conclusion, however,
that Simard’s idea of the cooperating forest
isincompatible withevolutionary theory. “It’s
allabout the plants supporting each other for
these altruistic reasons. I think that’s com-
pletely rubbish.”

Johnson’s view is that it “makes complete
sense” that there are CMNs linking multiple
foresttrees and that substances might travel
fromoneto another through them. Crucially,
he says, thisis not due to the trees supporting
one another. A simple explanation, compati-
blewith evolutionary theory, is that the fungi
are acting to protect the trees that are their
source of energy. It is beneficial for fungi to
activate atree’s defence signals, or to top up
food for temporarily ailing trees. Pickles, who
spent six years working with Simard before
movingto the University of Reading, UK, says
Simard’sideas are notincompatible withcom-
petition, but give more weight to well-known
phenomenain ecology, such as mutualism, in
which organisms cooperate for mutual bene-
fit. “It'snot altruism. It’s not some outrageous
idea,” he says. “She certainly focuses more on
facilitation and mutualism thanis traditional
inthese fields, and that’s probably why there’s
alot of pushback.”

Other ecologists agree that there is
some “polarization” in ecology between
cooperative and competitive ideas. “The
idea that perhaps not everything is trying
to kill everything else is helpful,” says Katie
Field, who studies plant-soil processes at the
University of Sheffield, UK.

Regardless of the differences of opinion,
Pickles says, “It’s good to have this rigorous
analysis.”

Frustrating debate

Simard is exasperated by the debate.

Her work, she says, has “changed our whole
world view of how the forest works”. There are
now “dozens and dozens” of people “who have
found that stuff moves through networks and
through the soil”.

She says that the quality of her science
has been unfairly challenged. To say that her
200 published papers are “not valid science,
which I think is what they’re saying ... that it
waswrong ... isnotright,” she says. Sheisinthe
process of submitting responses to the critical

Suzanne Simard is the scientist most closely associated with the idea of the ‘wood wide web’.

papers to two journals, she says.

She says that she is unfairly accused of
claiming CMNs are the only pathway for
resources totravel between trees, and that she
acknowledges other pathways in her papers
and her book.

Inmediaappearances, it’s hard to make that
clear, shesays: “It'savery short period of time,
andldon’tgetintoallthose other evolutionary
reasons for these things.”

Simard maintains that her critics attack her
intheacademicliterature forimagery she has
used only in public communication: “I talked
about the mother tree as a way of communi-
cating thescience and then these other people
say it’s a scientific hypothesis. They misuse
my words.”

She argues that changing our understand-
ing of how forests work from ‘winner takes all’
to ‘collaborative, integrated network system’
is essential for fixing the rampant destruc-
tion of old-growth forest, especially in British
Columbia, where her research has focused.
Indigenous cultures that have amore sustaina-
ble relationship with forests have mother and
father trees, she says — “but the European male
society hates the mother tree ... somebody
needs to write a paper on that”.

“I'm putting forward a paradigm shift. And
the critics are saying ‘we don’t want a paradigm
shift, we’re fine, just the way we are’. We're not
fine”

Simard also says that Karst held a position
partially funded by members of Canada’s Oil
Sands Innovation Alliance that constitutes a
conflict ofinterest. Extraction of oil deposits is
associated with forestloss and environmental
damage, and Karst was studyingland reclama-
tion after extraction. Karst says that she held
this position until 2021, terminating it before
starting work onthe review, and that the work

itfunded did not overlap with the focus of the
review on mycorrhizal networks.

Taking the research forwards will be chal-
lenging, says Johnson. Karst and her col-
leagues have produced an agenda for future
field research — from mapping the genotypes
oftrees and fungiin arange of forests tousing
controls in experiments more stringently.
But the agenda doesn’timpress Johnson. “It’s
almost impossible to fulfil,” he says, partly
because fieldwork is so fiendishly difficult.

Some scientists say that Simard’s popular
work hashad a positiveinfluence onthefield,
even if elements of it remain controversial.
Her work propelled the mycorrhizal research
community from anobscure and underfunded
field to one that excites the public, says Field.
That has unleashed funding, stimulated
researchers’ imaginations and influenced
research agendas.

The backlash has further energized the
community, she says. There are plans for
a special edition of a journal she edits, and
sessions have been added to the upcoming
meeting of the International Mycorrhizal
Society. All of this is helpful, says Field. “Any-
thing that makes people think again and look
againat the evidenceis good.”

Aisling Irwin is a freelance science and
environment journalist in the United Kingdom.
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