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Introduction

Common mycorrhizal networks (CMNs) are networks of mycorrhizal fungal hyphae held in common by at least two plants (Horton, 2015; Rillig et al., 2024) and were first discovered in the laboratory by Reid and Woods (1969) and later supported by Finlay and Read (1986) and Perry et al. (1989). Simard et al. (1997c) contributed to this knowledge by investigating underground transmission of carbon between ectomycorrhizal paper birch and Douglas-fir as well as arbuscular mycorrhizal western redcedar trees in the mixed temperate rainforests of western Canada. This body of pioneering work was followed by decades of creative peer-reviewed research by many scientists investigating the structure and function of CMNs in various forests around the world (see reviews including Newman, 1988; Simard et al., 2012; Horton, 2015; Tedersoo et al., 2020; Klein et al., 2023, and others). Research on the role of CMNs in the regenerative nature of forest ecosystems has recently come under targeted criticism by Karst et al. (2023), Henriksson et al. (2023), and Robinson et al. (2023). These criticism articles question the veracity and interpretations of the peer reviewed research. They were triggered by the memoir of Simard (2021), who told of how her experiences shaped her research, and what she thinks her findings about CMNs mean for forests in Canada. An important aspect of our roles as scientists is to ensure clarity of our research to support future informed thought and investigations. In the following paragraphs, we address some of the questions and perceptions about CMNs raised by these authors.



Context

A brief review of the four main questions scientifically investigated about CMNs in forests provide context for our response to the criticisms. Notably, the three criticism articles generally dismiss evidence for all four questions. The first question, whether CMNs exist in forest ecosystems, has been investigated over the past five decades using increasingly sophisticated tools, from microscopy to DNA sequencing, microsatellites, and isotopic tracing. These studies, in our view, have revealed that CMNs can connect the roots of trees with other trees (see Figure 1; Beiler et al., 2010), as well as with compatible seedlings, shrubs, or mycoheterotrophic herbs (Selosse et al., 2006; Tedersoo et al., 2020; Authier et al., 2022; Merckx et al., 2024). The second question investigated has been whether CMNs facilitate nutrient, carbon, water or infochemical transfer among trees. This has also been demonstrated, and most studies show multiple belowground pathways functioning simultaneously, including CMNs, mycorrhizal roots, and soil (Simard et al., 1997a,c; Song et al., 2015; Horton, 2015; Klein et al., 2016). The third question, how resource transfer between trees varies in forests, has been investigated using field and associated greenhouse and lab studies. These studies have demonstrated that transfer is affected by a range of factors in forests, including the light, water, nutrient and health status of donor and recipient trees (Simard et al., 1997c; Teste et al., 2010; Song et al., 2015; Klein et al., 2016), and the characteristics of the fungal species in the CMN (Teste et al., 2009; Merckx et al., 2024). A fourth question, whether membership in the CMN affects performance of trees, has also been investigated and results reveal this is also context dependent, as would be expected in complex systems like forests (Levin, 2005). Nevertheless, evidence exists that linking into CMNs in forests can affect establishment of seedlings (Booth and Hoeksema, 2010; Teste et al., 2009; Bingham and Simard, 2011), growth or carbon status of mature trees (Klein et al., 2016; Birch et al., 2021), and performance of mycoheterotrophic plants (Selosse et al., 2006).
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FIGURE 1
 Temperate interior Douglas-fir forest in British Columbia with mutigenerational age and multilayered size structure. The panel includes: (a) map of CMN typology from Beiler et al. (2010), where interior Douglas-fir trees are connected through shared colonization of Rhizopogon spp. genets in a 30 m × 30 m plot (green circles = Douglas-fir, sized relative to stem diameter; black lines = genet linkages). (b) Interior Douglas-fir forest typical of where CMN mapping was conducted (photo credit: W. J. Roach).


This body of research investigating the structure and function of CMNs has fundamentally shifted how scientists understand forests (Perry et al., 2008), not only as collections of individual trees and plants competing for resources (Nyland, 2016), but as connected systems of multiple complex interactions (Simard et al., 2012; Beiler et al., 2015). Whenever there is such a fundamental shift in knowledge, however, there is resistance (Rowell, 2017), and the three critiques by Karst et al. (2023), Henriksson et al. (2023), and Robinson et al. (2023) generally conclude this body of research is inadequate to inform our understanding of forests. In the following paragraphs, we discuss the main points raised by these authors, with more detailed responses to select statements in Table 1.


TABLE 1 Issues raised in Karst et al. (2023), Henriksson et al. (2023), and Robinson et al. (2023).
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Discussion

In the first paper, Karst et al. (2023) provide negative commentary against public media interpretations of the memoir of Simard (2021) to open their case that there is a positive citation bias regarding the role of CMNs in forests. They argue there is insufficient evidence that CMNs contribute to regeneration processes in forests. There are several weaknesses in their analysis as follows. First, their search of CMN research in the primary literature (Reporting Summary, https://www.nature.com/articles/s41559-023-01986-1#additional-information) is narrow and incomplete. As detailed in Table 1, they rely on subjective evaluations to determine which 18 studies to choose for their analysis, and then use unclear criteria to determine whether these papers have a positive bias. For example, they choose to exclude all studies investigating nurse tree facilitation of seedling establishment because they argue CMN effects cannot be disentangled from mycorrhizal colonization benefits (Table 1). However, scholars have argued facilitation of seedling establishment is likely the most important function of CMNs in natural ecosystems (Perry et al., 1989; Nara, 2006; Horton, 2015; Rillig et al., 2024). For each of the 18 selected papers, Karst et al. (2023) automatically counted the number of years in the paper's publication record, which augmented their sample size to 273 and increased the power of their tests. The rationale for this enhancement of sample size was vague and lacked evidence that each year was represented by a citation bias in the literature. In their analysis, they also failed to adjust their methods to account for the inherent growth of sample size over time as researchers increase numbers of investigations in an emergent field. Regardless, whether there is any citation bias in the literature, this does not override the fact that studies show all tree species are mycorrhizal dependent and CMN-dependent facilitation and transfer have been demonstrated (Klein et al., 2023; Rillig et al., 2024). It is unfortunate these key points were overlooked in the review process.

Karst et al. (2023) further imply that CMN-related field studies discount the role of alternative belowground resource transfer pathways to CMNs, such as through the soil or disconnected networks. Karst's criticism is echoed by Robinson et al. (2023) and Henriksson et al. (2023). However, as shown repeatedly by Simard et al. (1997a,c), Simard et al. (2012), and verified by others as detailed above, belowground transfer among trees occurs through multiple belowground transfer pathways simultaneously. All of these studies discussed alternative explanations to CMNs, contrary to the criticisms they did not. Regardless of this, Simard et al. (1997c) found that a fraction (18%) of carbon isotope was transmitted to arbuscular mycorrhizal western redcedar compared with that between ectomycorrhizal paper birch and Douglas-fir, providing experimental evidence for carbon transfer through the CMN and simultaneously and to a lesser degree through the soil. Here, all three species had comparably vigorous and overlapping mycorrhizal roots, as naturally occurred in the surrounding forest (Simard et al., 1997c; Twieg et al., 2007), rendering results that were realistic of the natural system. If, as Karst et al. (2023) imply, transfer patterns in Simard et al. (1997c) could be accounted for by differing root densities, and hence the gathering power of the different species, logic dictates that arbuscular mycorrhizal cedar growing among the two ectomycorrhizal trees would gather only one-fifth of the soil resources going to the ectomycorrhizal trees. Given the comparable health and vigor of the cedar roots and shoots to the other species of seedlings in the study, however, this is highly unlikely. Moreover, Karst's implication that the existence of one pathway rules out another, when they claim that transfer via mycorrhizal fungi had not been shown here in the field, misses the complexity of forest ecosystems.

The three criticism articles imply that the carbon transfer measured would be insignificant to plants because they say isotopes in these studies did not enter recipient shoots (Karst et al., 2023; Henriksson et al., 2023; Robinson et al., 2023). However, our studies have repeatedly demonstrated that significant amounts of carbon are transferred into both shoots and roots of recipient seedlings through CMNs and other pathways (e.g., Simard et al., 1997a,b,c; Teste et al., 2009; Philip et al., 2010; Song et al., 2015). In keeping with these findings, Klein et al. (2016) and Cahanovitc et al. (2022) have also found transfer into shoots of trees. This type of transfer has been associated with establishment of seedlings and mycoheterotrophic plants (see above; Van Der Heijden and Horton, 2009; Rillig et al., 2024; Merckx et al., 2024). Moreover, the requirement of transfer into shoots assumes that carbon supply is the limiting factor in the photosynthetic process, and dismisses the likelihood that carbon subsidies to roots and associated mycorrhizae enhance the gathering of soil nutrients essential for photosynthesis. Perry and Oetter (2024) found that growth of Douglas-fir in low light was limited by magnesium, not carbon supply, indicating the essential role of mycorrhizas in productivity. As with other issues, the critics are not looking at the bigger picture.

Karst et al. (2023) further argued that our research ignores the important role of competition in forest dynamics, possibly because CMN research in general has generated interpretations regarding cooperative relationships from trading of resources or infochemicals. However, none of our articles negate the process of competition in forests. Instead, we repeatedly discuss that multiple types of species interactions occur simultaneously, including competition, and that understanding forest dynamics must account for this complexity (Perry et al., 1989; Simard et al., 1997c, 2012; Simard and Vyse, 2006). This complexity is readily evident in the mature, multicohort, multi-storied temperate forests where these experiments were conducted, where seedlings readily establish in the understory of old trees following small scale natural disturbances (Figure 1). In younger plantation forests absent of old trees and where competition may be less intense, CMNs may play a lesser role in forest dynamics. Nevertheless, many of our experiments tracing resource transfer between trees through belowground pathways have been conducted in recently planted forests (e.g., Simard et al., 1997c; Teste et al., 2009), and we have also successfully mapped the architecture of CMNs in young Douglas-fir forests (Van Dorp et al., 2020), suggesting CMNs also exist in young temperate forests.

Our discovery of kin recognition in trees has also been discounted by Karst et al. (2023) because the precise belowground mechanism by which trees recognize their genetic relatives remains elusive (Gorzelak et al., 2015; Pickles et al., 2017; Asay et al., 2020). This dismissal is short-sighted because the novel discovery could, for example, lead to a greater diversity of reforestation practices in western Canada, which currently relies heavily on clearcutting with artificial regeneration (Simard and Vyse, 2006). By providing support for natural regenerative processes as an alternative or supplement to even-aged plantations, which are vulnerable to climate-related failures and wildfires (Clason et al., 2022), this finding could help in a transition toward more resilient regeneration methods, such as use of overstory retention (Franklin et al., 2018; Simard et al., 2020). In a large-scale experiment crossing a 900-km climate gradient in interior Douglas-fir forests (Simard et al., 2020; Roach et al., 2021), for example, Simard et al. (2021) and Harris et al. (2025) have found that increasing levels of overstory retention facilitate regeneration success in increasingly arid regional climates.

Henriksson et al. (2023) mistakenly compare our work in interior Douglas-fir forests of Canada to boreal pine forests in Europe, which have not been part of our research. The individual papers we have published provide results applicable to the temperate forests where the studies occurred (e.g., Simard et al., 1997c; Teste et al., 2009; Beiler et al., 2010; Bingham and Simard, 2011). It is well-known that different species in specific ecosystems behave differently, and studies in the boreal pine forests of Scandinavia (Henriksson et al., 2023) may thus not find that CMNs play the same role as shade tolerant Douglas-firs in British Columbia (Beiler et al., 2015). Shade-intolerant pines in boreal forests, for example, require open conditions, whereas shade-tolerant Douglas-firs in dry temperate forests of Canada naturally regenerate in the shade and CMNs of parent trees. Our results are place-based and context dependent, and the absence or difference of a phenomenon in one forest does not negate its validity elsewhere (Zahra et al., 2021).

In the same vein as Henriksson et al. (2023), Karst et al. (2023), and Robinson et al. (2023) suggest our peer reviewed articles on belowground carbon transfer in temperate Douglas-fir forests of Canada inappropriately generalize to forests elsewhere in the world. This is incorrect; we have not made such statements in the literature. The evidence is clear, however, that mycorrhizas play a strong role in the nature of interactions among trees. For example, large analyses of global temperate and tropical forest biomes suggest there is strong positive feedback among conspecifics in ectomycorrhizal forests, but negative feedback in arbuscular mycorrhizal forests (Bennett et al., 2017; Pither et al., 2018; Delavaux et al., 2023). These authors suggest that mycorrhizal colonization by conspecifics (Bennett et al., 2017; Pither et al., 2018) or CMNs (Zahra et al., 2021; Delavaux et al., 2023) may play a role in structuring these disparate forest types. Further hypothesis testing is needed to clarify the role of CMNs in different forest biomes, disturbance histories, and stand structures. It is important to move forward in understanding these phenomena, which could be important in developing nature-based solutions to climate change (Drever et al., 2021).

Robinson et al. (2023) erroneously refer to “the mother tree hypothesis,” and claim that it is harmful to forests of Europe. However, they have misused the metaphor of the mother tree in Simard's (2021) memoir meant for conveying scientific meaning to the public about the regenerative nature of interior Douglas-fir forests in Canada. Robinson et al. (2023) also refer to “recent reviews” to support their claims, but only cite those of Henriksson et al. (2023) and Karst et al. (2023). Robinson et al. (2023) further conflate two different types of mycorrhizas—arbuscular- and ecto-mycorrhizas—in comparing CMN carbon and nutrient transfer mechanisms to our work, which is specifically on ectomycorrhiza in Douglas-fir forests of Canada. These two types of mycorrhizal fungi are evolutionarily divergent with distinct hosts and ecological functions (Bennett et al., 2017; Haq et al., 2024).

Karst et al. (2023) suggest a strict set of requirements that must be met before any research on CMNs be considered valid in forests, but these are unrealistic to satisfy in the field given the relational, variable and dynamic nature of forests (Klein et al., 2023; Rillig et al., 2024). While it is not uncommon that lab tests or greenhouse experiments need reconciling with ex-situ methodologies, this is true for any scientific study of complex natural systems, and does not mean discarding valid investigation. Indeed, any researcher examining relationships in complex systems such as forests must confront the limitations of their experimentation and invoke a version of Occam's Razor to interpret their findings. It is the responsibility of anyone criticizing research to offer alternative explanations that have a probability greater than those interpreted from the published experiments. However, Karst et al. (2023) do not, nor do they provide new information that warrants discounting peer reviewed research. A more recent investigation proposes expanding terminology to identify mycorrhizal-dependent direct and indirect effects, but this does not diminish research investigating the role of CMNs in forest ecosystems (Rillig et al., 2024).

Finally, “Finding the Mother Tree” (Simard, 2021) was written in laypeople's terms so the public can critically assess whether industrial forest management, focused on timber extraction (Nyland, 2016; Ashton and Kelty, 2018), is serving the interests of our collective wellbeing (Mazzocchi, 2012). Forests are best understood through the multitude of relationships, connections, interdependencies and feedbacks that shape them, and CMNs are part of these processes (Perry et al., 1989; Simard et al., 2012; Beiler et al., 2015; Bennett et al., 2017). The intent of Simard (2021) was to engage people in how CMNs help shape temperate forests, and whether the unraveling of these connections and relationships through industrial forest management is worth the risks of biodiversity loss and climate change (Moomaw et al., 2019; IPCC, 2023; Ripple et al., 2024; Betts et al., 2024), or whether more holistic approaches are needed (Mazzocchi, 2012; Filotas et al., 2014; Sands et al., 2023; Robinson et al., 2021; Drever et al., 2021; Mina et al., 2022). Metaphors such as “mother tree” were used to help make these concepts more relatable to the public. Indeed, tree metaphors have been deeply understood in cultures worldwide for millennia (Blicharska and Mikusiński, 2014; Arnold, 2021), as well as in western scientific literature [e.g., the use of “family” in taxonomy; the translation, “mother,” for the scientific genus name of hemlock, Tsuga (Pojar and MacKinnon, 1994; Farjon, 2010)]. Moreover, many Indigenous communities have place-based cultural practices that depict their ancient understanding of relationships in forests, including of elder trees or mother trees (Baumflek et al., 2021; Ryan, 2014; Turner, 2008; Turner et al., 2000; Wickham et al., 2022), and these could inform culturally revitalized land stewardship practices as climate changes (Charnley et al., 2007).

In summary, we argue that our peer-reviewed literature on CMNs stands up against the targeted criticisms of Karst et al. (2023), Henriksson et al. (2023), and Robinson et al. (2023), which appear to distort then undermine peer-reviewed findings. Their claims that our scientific articles (i) discount the role of alternative transfer pathways to CMNs, (ii) negate the importance of competition in forests, (iii) did not find carbon transfer to shoots, or (iv) that we extended our findings to all forests, are simply not true. These criticism articles fail to provide any new experimental evidence that would discount the peer reviewed literature. In our view, our research has contributed to a meaningful paradigm shift in how we view forests and this may be important for developing more holistic approaches for protecting, restoring and managing forests in our changing climate.
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1. Hypotheses can be drawn up from popular media (Karst et al., 2023)

The authors put weight on popular media to develop their hypotheses as follows: Popular media and the scientific literature have divergent purposes and audiences.
“Upon reviewing various sources of popular media, we identified three common | The former is designed to engage the public in otherwise inaccessible knowledge, but
claims: (1) CMNs are widespread in forests; (2) resources are transferred through | unlike scientific processes, it is not peer-reviewed. Popular media is thus being
CMNS, resulting in increased tree seedling performance, and (3) mature trees inappropriately used by Karst et al., as part of the scientific methodology, including
preferentially send resources and defense signals to offspring through CMNs.” hypothesis formulation.

2. CMN colonization of establishing plants can be ignored as evidence (Karst et al., 2023)

The authors claim there is limited evidence that CMNs are widespread in forests, Excluding the body of research on nurse plants or trees ignores the broadly recognized
in opposition of their own research that supports CMN existence (e.g., Jones vital role that CMNs of established plants play in colonizing new plants. Colonization
etal., 1997; Birch et al,, 2021; Booth and Hoeksema, 2010). They exclude all is considered by many scholars to be the most important function of CMNs in forests
research where CMNs formed between larger plants (or trees) and seedlings (e.g. Perry et al., 198% Nara, 2006). As such, the innovative studies of Beiler, Durall,
because, they say, these studies cannot separate CMN effects from fungal Simard, Maxwell and Kretzer (2010) were conducted explicitly in uneven-aged
mediated effects, yet colonization of new seedlings is one of the most important Douglas-fir forests to investigate understory seedling dynamics within the CMNs of
functions of the CMN. Karst et al., nevertheless conclude that “as the roots of old trees. Additionally, fragmentation, regrowth and anastomosis are well known
trees and seedlings intermingle closely, and many mycorrhizal fungi are host processes in CMNs and do not negate the evidence found in peer-reviewed research
generalists, fungal links should be common.” that CMNs exist.

They also emphasize that fragmentation of hyphae and mycorrhizal root
connections occurs due to quick turnover and grazing, and use this as an
argument against the validity of evidence for CMN.

3. Neither genet studies nor experiments using mesh barriers, hyphal severing, or trenching are sufficient to provide
evidence for CMNs (Karst et al., 2023)

The authors argue there is insufficient evidence from genet studies, or from There are multiple lines of evidence for the existence of CMNs, including from genet
experiments using mesh, isotopic labeling or any techniques, to establish that studies using microsatellites, as well as from DNA sequencing, microscopy and
CMNSs exist or facilitate flow of resources from one plant to another. However, isotope labeling studies using mesh or natural mycorrhizal type differences. These
they agree that “when conducted at fine scales, [genet] maps can provide strong studies have been conducted in arctic, boreal, temperate and tropical ecosystems, and
evidence for a spatially continuous mycelium linking the roots of different trees have been documented in several reviews, including Simard et al. (2012), Horton

in close proximity.” They add, “Adjacent roots are often colonized by the same (2015), Tedersoo et al. (2020), Authier et al. (2022), and Kuyper and Jansa (2023).
species of mycorrhizal fungi, suggesting that fungal links should be common.” In our own research, we have used a wide range of techniques in interior Douglas-fir

ecosystems, including isotope tracing (Simard et al.,, 1997¢,a,b; Philip et al., 2010; Teste
etal,, 2009, 2010; Bingham and Simard, 2011; Pickles et al., 2017); microsatellites
(Beiler et al,, 2010, 2012, 2015; Van Dorp et al., 2020; Teste et al., 2009), DNA
sequencing (e.g., Twieg et al,, 2007 and others), knowing that every experimental
technique has its strengths and weaknesses. Each of these peer reviewed studies adds
evidence that trees in interior Douglas-fir forests are involved in a CMN, and that
these relationships among trees affect the forest. Most scientists working in this field
similarly use multiple approaches when drawing inferences about CMNs in their
ecosystems.

Of particular importance, there are four studies of genet mapping of CMNs by Beiler
etal. (2010,2012, 2015) and Van Dorp et al. (2020) in interior Douglas-fir forests of
Canada, and one in the in pine forests of Japan (Lian et al., 2006). Teste et al. (2009)
also demonstrates carbon transmission is associated with shared genets in interior
Douglas-fir forests.

4. Research is invalid unless continuously repeated (Karst et al., 2023)

The authors argue that given there 73,300 tree species worldwide, any comment More study is always welcome, and this literature is growing steadily around the
on the existence of CMNs in forests should wait until we study a multiplicity of world. It would be helpful to examine a majority of species and forests, and this field is
these tree species and geographic areas. rapidly expanding. However, detailed microsatellite studies that map CMNs in forests

is arduous and time consuming, and will not happen quickly. The fact that these
studies are taking time to complete, however, does not invalidate the peer review
research that has been conducted. As well, top journals do not generally publish
science that is an extension of previous discoveries, which de-incentivizes repeating
publication of this intensive research multiple times.

5. Only field experiments, not those in labs, growth chambers or greenhouses, count as evidence for CMNs in forests
(Karst et al., 2023)

The authors narrowed their literature search to field experiments because they Karst et al. (2023) do not acknowledge the importance of combining field with
say “they are most relevant to making inferences on forest function, and because | greenhouse experiments and laboratory analysis to decipher the role of CMNs in
the role that adult trees play in forests can only be examined in the field” (Karst forests. Researchers routinely and justifiably combine field with lab, greenhouse
etal., 2023, p. 501)” and/or growth chamber analysis to understand underlying mechanisms of in situ

patterns (e.g., Jones et al., 1997). By ignoring accompanying ex situ experiments and
analysis, Karst et al. (2023) have purposefully limited their ability to fully evaluate
evidence for the existence and functioning of CMNs in forests.

There are several examples of the value of including non-field studies in CMN
research in forests. For example, Klein et al. (2016) applied stable isotope tracing
methodologies developed in the lab to mature trees in the field. Orrego (2018) used
lab-developed techniques to trace carbon flux from old growth hemlock trees to
hemlock seedlings nearby. Pickles et al. (2017) overcame the difficulty of labeling large
trees in the field by first establishing nurse trees in the greenhouse, then subsequently
growing younger cohorts nearby to emulate forest conditions.

6. CMNs are the only pathway for resource transmission between trees that can be considered relevant in forests

(Karst et al., 2023)

The authors argue that CMNs are over-rated for resource transfer and that other Many peer reviewed studies examining belowground resource transmission among

transfer pathways are ignored. trees have found the existence for multiple belowground transfer pathways, not just
CNMs (see review by Horton, 2015). In our articles, we consistently discuss evidence
for multiple pathways (e.g., Simard et al,, 1997¢, p. 681) writes “Our study extends
earlier laboratory results to the field, providing direct evidence for both bidirectional
and net carbon transfer between plant species, for the occurrence of hyphal as well as
soil pathways, and for source-sink regulation of net transfer in field conditions.”
Multiple belowground pathways for transmission of carbon, nitrogen and water have
also been reported in the studies reviewed in Simard et al. (2012, 2015). Studies have
shown that the magnitude and pathway of belowground resource transfer varies
depending on the size, origin, water relations, phenology, and shade status of the trees,
as well as the disturbance history and aridity of the forest.

7. CMN interpretations are a major departure from competitive frameworks (Karst et al., 2023)

The authors state, “The results from this study (Simard et al, 1997¢) have been Our work consistently shows there is a multiplicity of interaction types in forests,
interpreted as evidence that CMNs equalize resources within a plant including competition and cooperation, and that resource transfers between
community—a view that was a major departure from competitive frameworks” individuals ought to affect these interactions. Simard et al. (1997¢) states, “If our
(Karst etal., 2023, p. 503). results reflect the magnitude of carbon transfer in natural systems, then the net

competitive effect of one species on another cannot be predicted without a better
understanding of interplant carbon transfer through shared mycorrhizal fungi and
soil pathways. A more even distribution of carbon among plants as a result of
below-ground transfer may have implications for local interspecific interactions,
‘maintenance of biodiversity, and therefore for ecosystem productivity, stability and
sustainability” (Simard et al., 1997¢, p. 581).

The critics own views on prioritizing competition in forests, as is done in forest
policies and practices, support the simplification of plantations, diminishment of
biodiversity, and enhancement of risks of fire, drought and other disturbances. Our
work shows that a diversity of interaction types occurs in healthy forests (e.g., Simard
and Vyse, 2006).

8. The potential to form a CMN has no effect on plant establishment, survival or growth (Karst et al., 2023)

The authors conclude there are no forest experiments that demonstrate that the This contradicts their own work, including Booth and Hoeksema (2010) and Birch

potential to form a CMN affects plant growth or survival. etal. (2021), the latter who showed that growth, and the variability in growth, of adult
Douglas-fir trees declined with decreasing numbers of connections. Other evidence
for facilitation of plant establishment exists in temperate and subtropical ecosystems,
where ectomycorrhizal seedlings tend to establish around parent trees or shrubs
(McGuire et al., 2008; Nara, 2006; Teste et al., 2009; Beiler et al., 2010; Delavaux et al.,
2023).
Seedlings establishing in interior Douglas-fir forests are primarily colonized by
tapping into the CMN that already exists among the adult trees (and less frequently by
spores in the soil). We have found that seedlings that do not become colonized by
CMNs do not survive beyond 3-4 months (Barker et al,, 2013).
Experiments examining CMN effects on seedling establishment, survival and growth
in Douglas-fir forests have shown greater effects (especially on survival) where they
had full access to CMN, mycorrhizal root and soil pathways. This was particularly
pronounced when seedlings established from seed (rather than planted as nursery
plugs), were within 2.5-5 meters of mature trees, or were growing in drier soils or
more arid climates (Teste et al., 2009; Teste and Simard, 2008; Bingham and Simard,
2011).

9. There is no evidence trees preferentially communicate with offspring through CMNs (Karst et al., 2023)

The authors assert there is no evidence that trees preferentially send resources or The recognition of relatives, or kin-recognition, has been well-studied in plants and

signals warning of insect damage to offspring through CMNs. found to involve signaling via roots and mycorrhizas (Dudley et al., 2013; Semchenko
etal, 2014) as well as volatile organic compounds (Karban, 2015). We have added to
this literature with evidence for kin recognition in interior Douglas-fir, and agree with
previous studies that belowground it is mediated by roots and mycorrhizas (Pickles
etal,, 2017; Asay et al., 2020; Gorzelak et al., 2015). Adding to Song et al.’s (2015)
evidence for defense signaling between trees, Gorzelak (2017) has also found that
injured Douglas-fir preferentially signal defense information to kin over strangers.
Evidence for kin recognition in forests elsewhere in the world continues to grow
(Karban, 2015).

10. There is positive citation bias toward CMNs (Karst et al., 2023)

The authors write, “We screened the resulting papers relevant to CMN function The criteria for subjectively choosing the 18 “influential” papers while excluding other
and structure, and from this list, we identified ‘influential’ field studies, defined as | relevant studies is unclear. The search string for retrieving their sample, for example,
those having at least 50 citations, and evaluated citations of those studies” (Karst | was limited to CMN terms and then high graded by topic, presenting uncertainty for a
etal,, 2023). complete search. This raises questions about objectivity, such as why certain field
“Citations outside common mycorrhizal network research were included in our | studies of their own were excluded, as well as other notable papers, including: any
evaluation” (Karst et al, 2023). studies of CMN effects on regenerating seedlings, understory herbs, or understory
“We assigned a citation as supported if the evidence was strong for the statement shrubs; any studies of forest tree species in greenhouses; and other forest tree studies
or unsupported if the evidence was weak or absent (Karst et al,, 2023).” such as Bachelot et al. (2017), Sasaki et al. (2019), Peh et al. (2011), Avital et al. (2022),

Cahanovitc et al. (2022), etc.

How each study was evaluated for positive citation bias is unclear because the criteria
were inadequately described.

Out of the 18 “influential” studies included in their analysis, Karst et al. (2023;
Figure 1) themselves are co-authors on 28% of the papers they say were subject to
positive citation bias.

The authors augmented the sample size by automatically counting every year since
publication of a particular paper, expanding the sample size from 18 to 272. This
would have increased the significance of their regression and would have
automatically weighted older papers.

In analyzing their positive citation bias, they fail to acknowledge that most CMN
research has been conducted in the past 25 years, and the greater number of papers
building on the foundational knowledge would naturally lead to statistically
significant trends in citations, whether positive or negative.

11. “Mother tree hypothesis” (Henriksson et al., 2023)

The authors claim that a “mother tree hypothesis” has been postulated by The authors have invented the “hypothesis” from the metaphor used in Simard (2021)

previous studies, citing eight scientific articles. memoir, meant to communicate how large, old trees are the hubs of CMNs in the
temperate interior Douglas-fir forests of North America. They refer to the
“hypothesis” as controversial, and falsely attribute it to scientific articles published
years earlier. However, none of these publications mention this hypothesis.

The authors apply their “mother tree hypothesis” to nutrient poor Scandinavian After rejecting their hypothesis, they state that “the current formulation of the mother

boreal pine forests, then reject it using selected photos and results from trenching | tree hypothesis is incongruent with patterns of forest regeneration in boreal forests.”

studies in pine forests. The “mother tree” metaphor applies to shade tolerant interior Douglas-fir trees in dry
temperate forests and was never meant to apply to shade intolerant pine trees in
boreal forests. Shade intolerant trees are well-known to establish best in the open,
whereas shade tolerant trees often preferentially regenerate in the understory of adult
trees. There is a rich literature (see reviews previously mentioned) demonstrating that
any effects of CMNs in forests is highly context dependent on factors such as forest
type, shade tolerance, light conditions, water relations, nitrogen status, disturbance
severity, presence of pathogens or insects, or other environmental stresses.

12. Trees are altruistic, etc. Robinson et al. (2023)

The authors rely upon Henriksson et al. (2023) and Karst et al. (2023) to make The separate articles cite one another and some of the authors appear on two of the

their claims. three papers.

The authors criticize that Simard’s (2021) memoir “submits” trees behave The use of this “altruistic” term is “assumed” by the authors as stated in their Box 2.

altruistically. However, Simard has never stated that trees in CMNs behave altruistically or are not
competitive.

The authors state the mother tree concept is incompatible with tree growth, The phenomenon of CMN may be quite different in the forests of Scotland and

citing a 1926 article (German language) on dry heath Scotch pine that mentions Sweden than in the interior Douglas-fir forests of Canada where most of Simard’s

distance of seedlings to mother trees and suggests those seedlings are shade work was conducted. They are of different climates, biomes, species compositions, and

intolerant. have different ecologies.

The authors state, “Field observations often contradict the mother tree Supporting citations used by the authors here are not independent primary field

hypothesis, which predicts a higher growth rate of seedlings in the proximity of studies but rather the other two perspective articles by Karst et al. (2023) and

large trees [34]. In fact, emergence and growth of seedlings and saplings are in Henriksson et al. (2023). Those familiar with the forests of British Columbia,

general negatively affected by proximity to large trees [34, 35]” (Robinson et al., particularly interior Douglas-fir forests, would readily see that seedlings of

2023; Box 2). shade-tolerant species commonly establish near their parents.

13. Anthropomorphism is dangerous (Robinson et al., 2023)

Robinson et al. (2023) state that anthropomorphism “clouds the issue at hand” Notwithstanding the confusion over Robinson et al’s (2023) mixing of the terms

and will cause harm to conservation. personification, anthropomorphism, and humanization, we do not use such typologies
in our research.
With respect to Simard’s memoir, it is well-documented that communicating science
outside of the scientific literature is best done in ways that humans can relate to, and it
results in better environmental conservation outcomes (Opermanis et al., 2015).

“Whats at stake” The authors assert that Simard is antagonistic to the forest industry in general. This is
incorrect: Simard’s applied research often involves forestry industry partners.

Society conceptions of forests are mentioned by the authors, with some brief Indeed, limited choices and options prevail in forest management practices

history up to the present day, ... which partly views a forest as a social utopia world-wide, such as clearcutting, planting monocultures, and failing to manage woody
where all trees support each other in harmony. Especially given the future debris, biodiversity or soils. These practices are leaving us an uncertain future, where
uncertainties, we are most concerned that this kind of thinking will lead to forests are ill-adapted and unable to provide ecosystem services for generations to
restrictions on active forest management. Limited choices and options will likely | come. It is more logical to better understand how forests work, how they are

leave us with forests that are ill-adapted and cannot provide essentially needed connected above and below ground, and the role CMN play in biogeochemical cycles,
ecosystem services” (Robinson et al., 2023, p. 9). biodiversity, and forest regeneration. The peer reviewed and published work of

Simard and colleagues are making contributions to expand the knowledge needed for
conserving and managing forests for future generations.

The authors criticize the book publishing industry’s policies as flawed, yet state, Simard (2021) was peer reviewed for correctness and included references to peer
“This does not mean that books ... should not appear in print and publishers reviewed scientific papers throughout. The memoir is based on the life of an

should not be allowed to make profits from their sales. But the general public has | accomplished scientist in the forests of interior British Columbia (not grasses as in
aright to know what kind of book they are buying and the publishers should Robinson and Fitter (1999)). Simard’s work is published in hundreds of peer reviewed
label them for what they are: tantalizing, but unsubstantiated hypotheses.” papers, and is supported by dozens of graduate student theses, with many students
(Robinson etal., 2023, p. 6) publishing their work. This includes the kin recognition research of Dr. Amanda Asay

(In memoriam, 1988-2022). More of these publications are pending and in progress.











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Forests and Global Change







