Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Fungal succession in decomposing woody debris
across a tropical forest disturbance gradient: A field
experiment

Gbadamassi G.0. Dossa (& dgbadamassi@gmail.com )
Xishuangbanna Tropical Botanical Garden https://orcid.org/0000-0001-9767-7306

Yun-Qiang Yang

Kunming Institute of Botany Chinese Academy of Sciences
Weiming Hu

University of Florida

Ekananda Paudel
Nepal Academy of Science and Technology

Douglas Schaefer
Kunming Institute of Botany Chinese Academy of Sciences

Yong-Ping Yang
Kunming Institute of Botany Chinese Academy of Sciences

Kun-Fang Cao
Guangxi University

Jian-Chu Xu
Kunming Institute of Botany Chinese Academy of Sciences

Kathryn E. Bushley
University of Minnesota

Rhett D. Harrison
World Agroforestry Centre

Research

Keywords: Bulong nature reserve, carbon cycle, coarse woody debris, decomposition, fungi, landscape,
Mengsong, wood density

Posted Date: March 13th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-17149/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License


https://doi.org/10.21203/rs.3.rs-17149/v1
mailto:dgbadamassi@gmail.com
https://orcid.org/0000-0001-9767-7306
https://doi.org/10.21203/rs.3.rs-17149/v1
https://creativecommons.org/licenses/by/4.0/




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Title of the manuscript:
Fungal succession in decomposing woody debris across a tropical forest disturbance gradient: A

field experiment.

Running title: Tropical fungal diversity community dynamic in wood decay

Gbadamassi G.O. Dossa "***"* (dgbadamassi@gmail.com), Yun-Qiang Yang "

(yangyungiang @mail.kib.ac.cn), Weiming Hu > (huw @ufl.edu), Ekananda Paudel 6

(en.botany @gmail.com), Douglas Schaefer ' (xiedaoan@xtbg.ac.cn), Yong-Ping Yang *

(yangyp @mail.kib.ac.cn), Kun-Fang Cao 7 (kunfangcao @gxu.edu.cn), Jian-Chu Xu 34

(jxu@mail.kib.ac.cn), Kathryn E. Bushley ** (kbushley @umn.edu), Rhett D. Harrison **

(r.harrison @cgiar.org)

" CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences, Menglun, Mengla, Yunnan 666303, China

2 Center of Plant Ecology, Core Botanical Gardens, Chinese Academy of Sciences, Mengla, Yunnan 666303, China
? Key Laboratory for Plant Diversity and Biogeography of East Asia (KLPB), Kunming Institute of Botany, Chinese
Academy of Sciences, Kunming, Yunnan 650201, China

* World Agroforestry Centre, East & Central Asia Regional Office, Kunming 650201, Yunnan, China

> Entomology and Nematology Department, University of Florida

% Nepal Academy of Science and Technology, Khumaltar, Lalitpur, Nepal

" Plant Ecophysiology and Evolution Group, State Key Laboratory for Conservation and Utilization of Subtropical
Agro-Bioresources, and College of Forestry, Guangxi University, Nanning, Guangxi 530004, China

¥ Department of Plant and Microbial Biology, University of Minnesota, Saint Paul, MN, USA


mailto:dgbadamassi@gmail.com
mailto:yangyunqiang@mail.kib.ac.cn
mailto:huw@ufl.edu
mailto:en.botany@gmail.com
mailto:xiedaoan@xtbg.ac.cn
mailto:yangyp@mail.kib.ac.cn
mailto:kunfangcao@gxu.edu.cn
mailto:jxu@mail.kib.ac.cn
mailto:kbushley@umn.edu
mailto:r.harrison@cgiar.org

26

27

28

29

30

31

32

33

34

35

36

37

World Agroforestry Centre, East & Southern Africa Region, 13 Elm Road, Woodlands, Lusaka, Zambia
*Corresponding authors;

e-mail: dgbadamassi@ gmail.com (+86 15974955240), kbushley@umn.edu (+01 5419080116),

r.harrison @cgiar.org (+260 978304267)

* These authors contributed equally to this work
" First and last two authors corresponding authors
Conlflict of Interest

None

Competing Interests

The authors declare no competing financial interests


mailto:dgbadamassi@gmail.com
mailto:kbushley@umn.edu
mailto:r.harrison@cgiar.org

38

39
40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Abstract

Background

Fungi are essential agents in decomposing woody debris (WD), an important carbon pool in forests.
However, the ecology and dynamics of these fungal communities are poorly understood, especially
in tropical forests. A better understanding of anthropogenic impacts, such as forest disturbances, on
WD decomposition is also needed to appreciate their consequences on ecosystem functioning. Here,
we examined the impacts of forest degradation and roles of fungal diversity and composition on
WD decomposition rates across a disturbance gradient in a tropical montane rain forest in
Xishuangbanna, SW China over three years. We measured wood specific gravity (WSG) loss from
280 logs from Litsea cubeba (low-WSG) and Castanopsis mekongensis (high-WSG). We
concomitantly monitored fungal communities from 418 samples using next-generation sequencing
after 0, 18 and 36 months field exposure.

Results

Incubation time, habitat and termite presence were key drivers of fungal community composition.
Fungal community succession showed a priority effect of precedent communities. C. mekongensis
WD consistently harbored ~1.4 times less fungal species than L. cubeba, but had ~1.4 times more
unique operational taxonomic unit (OTU) at 18 mo. Shared OTUs between wood species increased
with time up to ~63 % at 36 mo. Regardless of wood species, fungal diversity and both saprotrophs
and white-rot abundances peaked at 18 months. However, fungal diversity was not a significant
predictor of WSG loss. WSG loss did not vary among habitats. This may result from compensatory
changes in dominant functional traits, such as decay mechanisms (e.g., proportion of white rot-fungi,
soft-rot fungi). For example white- rot fungal proportions were double in open land compared to

mature forest. Likewise, more saprothrophs colonized high-WSG wood. Finally, ascomycetes
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(mainly Sordariomycetes and Dothiodeomycetes) and basidiomycetes (mostly Agaricomycetes)
were dominant fungal groups. Open land was dominated by Trichoderma, regenerating forest by
Herpothrichiellaceae and mature forest by Penicillium.

Conclusions

White- and soft-rot fungi co-dominated decomposition, with the later increasing through time. A
succession of different fungal functional groups yielded similar decomposition rates across the
disturbance gradient. Incorporating dominant fungal functional trait dynamics into biogeochemical

models may improve predictions of carbon dynamics.

Key words: Bulong nature reserve, carbon cycle, coarse woody debris, decomposition, fungi,

landscape, Mengsong, wood density.
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Background

Organic matter decomposition represents an ecological process that redistributes nutrients
produced by plants during their lifetime back into the atmosphere and soil. Woody debris (WD)
comprises an important carbon pool [73 petagrams, [1]] with a relatively long residence time [2].
Moreover, WD is an important habitat for many microorganisms, animals and plants [3,4].

The abundance of WD and its relatively long residence time means that WD
decomposition exerts a strong control on carbon cycling [5]. Factors affecting wood
decomposition are diverse and generally classified into abiotic (e.g., temperature, moisture, soil
parameters, etc.) and biotic factors (e.g., wood substrate quality, arthropods, microbial diversity,
etc.) [6], although others suggested considering a third category of anthropogenic factors (e.g.,
prescribed fire, forest harvesting practices) [7]. Previous studies have largely dealt with abiotic
factors and have found that wood biophysical traits along with climatic variables can only
explain up to 56 % of the variation in WD decomposition at global scales [8]. Moreover, to
obtain a more mechanistic understanding of the process of WD decomposition, it is vital to
combine our understanding of the effects of abiotic factors with those of biotic factors. Such
knowledge would greatly improve accuracy in predictive models of wood decomposition and
therefore carbon cycling [9].

Fungi are commonly recognized as key biotic agents driving wood decomposition [9,10].
However, critical aspects of the role of fungal community ecology in the decay of WD remain to
be explored [11]. For example, our understanding of the link between fungal richness and wood
physio-chemical parameters is limited [12,13]. The roles of both the taxonomic and functional
composition of the fungal community in determining wood decomposition rates is also not well

understood [14]. Although it is generally accepted that white rot and brown rot basidiomycete
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fungi play key roles in decay of lignocellulose [4,15,16], the role of “soft-rot” ascomycete fungi
and the relative importance of each of these groups in tropical versus temperate forest
ecosystems has not been well characterized. Moreover, studies that examined fungal community
composition in temperate and boreal biomes have suggested that wood host species identity has
the strongest effect on the composition of fruiting fungal species, followed by microclimatic
factors (e.g., canopy openness) [17], as well as bark coverage [18].

Both negative and positive diversity-function relationships have been reported for wood
decomposer fungal diversity and decomposition rates in microcosm experiments under
controlled laboratory conditions [19-22], as well as in several field studies [9,12,13,17,23-25].
Recently, Maynard et al. suggested that the direction of the diversity-function relationship
depends on the nature of the competitive network within fungal communities [21]. Maynard and
colleagues also found that the importance of functional outcomes resulting from fungal species
interactions and fungal community structure surpasse that of differences in environment
conditions (i.e., abiotic factors).

Understanding how forest disturbance impacts WD decomposition is of critical importance
[26-28], especially in tropical ecosystems. Tropical biomes are heavily affected by
anthropogenic activities, such as deforestation and degradation, and have far higher woody plant
and fungal diversity, as well as biomass. Moreover, there is a strong debate concerning whether
tropical forests are carbon sinks or sources, and how this may be altered by climate change. Yet,
across the globe, there is a marked geographical imbalance in studies on the role of microbes in
wood decomposition, with far more studies in temperate and boreal biomes [7,9,29] than in the
tropical biome [9,12,30]. Additionally, there is a paucity of studies characterizing the succession

of fungal communities and decay type in WD over time. The few studies of WD decomposition
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in the tropics have suggested that white rot dominates the early stages of decay [30], but how
fungal communities change in later stages of decay beyond two years and in response to
microclimatic variation or forest disturbance are poorly characterized [31,32].

In this study, our overarching goal was to investigate the role of abiotic and biotic factors
shaping the diversity and composition of fungal decomposers in decomposing logs and how
these change through time in a tropical montane rain forest in SW China across a disturbance
gradient from open land to mature forest. We aimed to address the following questions: (i) What
is the effect of wood species identity on the diversity and community structure of fungi? (ii) How
does the degree of forest disturbance affect fungal diversity and community structure? (iii) How
does fungal diversity and composition in woody debris change through time? And (iv) how do

these factors interact to influence the decomposition rate of WD?

Results

Dynamics of WSG loss

We previously examined the abiotic factors affecting wood decomposition in this landscape
(Dossa et al., submitted). After 36 months of incubation, the WSG loss varied from 29.47 to
48.46 % (Fig. 1). The effect of habitat on WSG loss was not significant (Table S3), nor was the
main effect of tree species identity (Table S2). However, wood species identity interacted with
incubation time (Table S3), indicating a different temporal pattern of WSG loss in the two

species (Dossa et al. submitted).

Taxonomic and functional classification of fungal community
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In total, after quality control steps, we obtained 9073 operational taxonomic units (OTUs).
Ascomycota was the dominant phylum followed by Basidiomycota throughout all sampling time
points (Fig. 2, S3). Sordariomycetes, Agaricomycetes, and Dothideomycetes were the most
abundant classes regardless of wood species, forest types and incubation time. Other moderately
abundant (>5% of total reads) classes included Leotiomycetes, Eurotiomycetes,
Saccharomycetes, and Tremellomycetes (Fig. S4).

Based on orders, Helotiales had the highest relative abundance regardless of wood
species except at 18 mo in open land and in mature forest. The relative abundance of other orders
varied with species, habitat and incubation time (Fig. S4). Those with greater than 5% relative
abundance included two basidiomycete orders, Agaricales and Polyporales, and various
ascomycete orders dominated by Xylariales, Hypocreales, Pleosporales, Chaetothyriales,
Coniochaetales, and Capnodiales (Fig. S4).

At the family level, the Xylarialeceae (Xylariales) and Sclerotiniaceae (Helotiales), which
was dominated by the genus Botrytis, were most abundant in the initial (0 mo) fungal community
in L. cubeba in all forest types, while Sclerotiniaceae and Cordycipitaceae (Hypocreales) were
most abundant at 0 mo in C. mekongensis. Across habitat types, Hypocreaceae (Hypocreales),
comprising primarily of fungi in the genus Trichoderma, was detected at >7% relative abundance
exclusively in open land at 18 mo for both tree species, while Herpotrichiellaceae
(Chaetothyriales) was abundant at 18 mo only in regenerating and mature forests. Genera
with >5% relative abundance included the ascomycetes Penicillium (Hepotrichiellaceae),
Trichoderma (Nectriaceae), Beauveria (Cordycipitaceae), Hyaloscypha and Mollisia

(Dermataceae; Helotiales), Scytalidium (family incertea sedis; Helotiales), and Candida
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(Saccharomycetales), as well as the basidiomycete genus Phlebia (Meruliaceae; Polyporales)
(Fig. S4).

At 18 mo the average proportions of pathotrophs, saprotrophs, and symbiotrophs across
all habitat types and species were 11.5 %, 80.0 % and 8.5 %, respectively (Fig. 2 and S4).
Regardless of habitat type or wood species, saprotroph abundance peaked at 18 mo. Pathotrophs
also peaked at 18 mo, except for L. cubeba in mature forest. Within the saprotrophs, we were
able to assign a small proportion ~30% to rot types (Fig. 2 B, C and Fig. S3). C. mekongensis
harbored no brown rot initially, whereas L. cubeba had a relatively small proportion (< 1 %). As
decomposition proceeded, the abundance of white rot fungi peaked at 18 mo, except for L.
cubeba in mature forest (Fig. 2, Table S4) where there was a continuous increase in white rot
fungi up to 36 mo. The proportion of all rot types out of the total fungal community increased
from mature forest to open land. There was also a larger total abundance of fungi from all rot
types in C. mekongensis than in L. cubeba, except in mature forest where the total proportion of

rot types did not differ much between species.

Fungal alpha diversity in decomposing logs

L. cubeba harbored more fungal OTUs than C. mekongensis (Fig. 3, Table S5). In both species,
fungal diversity peaked at 18 mo incubation. The best model for alpha diversity explained 23.3 %
of the total variance including both fixed and random factors, while fixed factors explained 12.0 %
of the variance. Incubation time and species identity had a significant effect on fungal diversity
(Table S6), whereas habitat had no significant effect. However, fungal diversity explained only

~1 % of the variation in WSG loss, although this was still marginally significant. The presence of

termites also significantly enhanced WSG loss (Table S5).
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Fungal community structure

NMDS plots of fungal communities showed substantial overlap among species, but variation
among samples increased through time (F; 33, = 6.694, P = 0.01, Fig. 4), and varied among
habitat type (F», 331 = 6.775, P = 0.001, Fig. 4 and S6). Nevertheless, a multivariate analysis of
factors influencing differences in fungal communities using adonis [33] found that time, habitat
type and the interaction between time and presence of termites, but not species identity, had
significant effects on community composition (Table 1). However, the model explained only ~ 3 %
of the variance in fungal composition. Procrustes analysis showed a relationship between the
position of the points in the first ordination (0 mo) and second ordination (18 mo) (For time 0 mo
to 18 mo, Procrustes Sum of Squares (m12 squared) = 0.882, correlation in a symmetric
procrustes rotation = 0.344, significance, P = 0.001, Figure S5A) and also between 18 mo and 36
mo (Procrustes Sum of Squares (m12 squared) = 0.884, correlation in a symmetric procrustes
rotation = 0.340, significance, P = 0.001, Fig. S4B), indicating a priority effect of the initial
community on the succession of fungal communities that developed at the early decay stage (0
mo to 18 mo) and in the transition from early to late decay stage (18 mo to 36 mo). A Venn
diagram depicting number of unique or shared OTUs over time showed that regardless of wood
species, there was a peak in number of unique OTUs at 18 mo, which declined afterwards. The
percentage of unique OTUs at 18 mo was 1.44 times higher for C. mekongensis than for L.
cubeba (Fig. 5), but the absolute number of unique OTUs was higher in L. cubeba. The shared
OTUs between the two woody species increased through time and reached 63% after 36 mo of

incubation (Fig. 5), at which time there were no unique OTUs in C. mekongensis.
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Structural equation modeling

Our SEM revealed a best model that included all the direct effects and a few of our hypothesized
indirect effects (Fig. 6). The final results showed a good fit (Chi square = 4.17, P-value = 0.53,
degrees of freedom (DF) = 5, Comparative Fit Index (CFI) = 1, Fig. 6). Within this best model,
the strongest path was from time with a standardized path coefficient = 0.97 (P < 0.001). The
second strongest path was habitat with a path coefficient = -0.12 (P < 0.001). While the SEM
showed that the effect of open land did not differ from that of mature forest, regenerating forest
significantly reduced WSG loss compared to mature forest (Fig. 6, Table S7). Woody species
identity and abundance of white rot fungi were also significant predictors of WSG loss. In
addition, there was an indirect time effect mediated via white rot fungi abundance. Meanwhile

woody species identity had a strong effect on fungal alpha diversity (Fig. 6, Table S7).

Discussion

Our current understanding of wood decomposition and fungal ecology relies heavily on patterns
found in temperate and boreal ecosystems. Our study aimed to investigate successional changes
in fungal diversity and composition in decomposing logs of two tree species across a disturbance
gradient in a tropical forest, and their effects on WSG loss. We found that fungal diversity
consistently peaked at 18 mo regardless of wood species and habitat. Fungal diversity was also
significantly influenced by wood species identity, while fungal composition at the OTU level
varied significantly with time, habitat type and the interaction between time and termite
colonization. The peak of fungal species diversity at 18 mo coincided with a peak in both the
relative abundance of saprotrophs and the number of unique OTUs. Within the saprotrophs,

fungi assigned to the white rot type peaked at 18 mo, with the exception of L. cubeba in mature
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forest which peaked at 36 mo. The abundance of soft rot fungi also peaked at 18 mo, except for
Castanopsis mekongensis in open land and L. cubeba in mature forest, which both peaked at 36
mo. Overall, fungal diversity was not a significant factor determining WSG loss, but the
abundance of white rot fungi explained a small but significant amount of the variation in WSG

loss.

Initial wood quality and WSG loss

Given the differences in the tree species wood quality and density, we expected pronounced
differences in the decomposition rates. Surprisingly, only the interactive effect between wood
species identity with incubation time was significant. C. mekongensis logs had much higher
initial WSG, slightly slower initial loss of WSG and consistently lower fungal diversity. The
bark of L. cubeba had more labile carbon in the form of sugars that are easily accessible to
microorganisms, which may explain the more rapid initial WSG loss and higher fungal alpha-
diversity in this species [34]. Whether this is a general effect of bark chemistry on fungal
diversity will require investigation over a more diverse selection of species. The lack of any
significant effect of habitat on WSG loss was surprising. Rates of fungal decomposition were
expected to be higher in forest habitats, where ambient moisture is higher. However, structural
equation modelling showed a small but significant negative effect of regenerating forest on

decomposition rates (Fig. 6).

Taxonomic and functional classification of fungal community
We found Ascomycota and Basidiomycota were the dominant phyla throughout the

decomposition process regardless of woody species and forest type, with Ascomycetes being
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more abundant than Basidiomycetes. These findings are in line with previous studies [27] and
recent findings from researchers who monitored the decomposition of three tropical woody
species and found Ascomycota and Basidiomycota to be the dominant phyla in all species at 3
and 11 mo after incubation [25]. This is not surprising given the fact that Basidiomycota contain
the majority of white rot fungi, which are able to degrade both lignin and cellulose, and brown
rot fungi, which modify lignin and degrade primarily cellulose [35,36]. Ascomycota, including
many soft-rot fungi, have also been shown to play an underappreciated role in the early decay
process, feeding on a diet of sugars to lignocellulose compounds [37-39]

The proportion of saprotrophs was greatest at 18 mo, which coincided with the peak in
fungal diversity, and was ~2 times higher in C. mekongensis than in L. cubeba. This difference
may explain why there was not more of a wood species effect on WSG loss. Although C.
mekongensis had much higher initial wood density and lignin content, the higher proportion of
saprotrophic fungi may have compensated to equalize decay rates over time. The higher initial
rates of WSG loss in L. cubeba may be partially explained by a greater availability of sugars and
hemicelluloses leading to a quick growth of decomposer fungi able to use these carbon sources
(Figure 1). Notably, the proportion of saprotrophs in L. cubeba did not peak until 36 mo. In
contrast, WSG loss in C. mekongensis was slow initially, presumably because of the relatively
low proportion of easily digestible substrates and higher lignin content, but increased over time.
Both this study and a previous study investigating aboveground decay of this species found the
highest proportion of saprotrophs in C. mekongensis at 18 mo [40].

Our results also agree with previous studies [27,30,41] showing that white rot fungi
dominate the early stage of decay in tropical forests. However, our study followed wood decay

for a longer time period of 36 mo and found that after an initial peak of white rot fungi at 18 mo,
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in some habitats, the proportion of brown and soft-rot fungi increased, especially in C.
mekongensis. This increase in brown rot and soft rot fungi in C. mekongensis in later stages of
decay, presumably after the early degradation of lignin by white rot fungi has freed cellulose and
sugars bound in lignin for degradation by these other decay mechanisms, may also partially
explain the lack of difference in final WSG loss of the two tree species. Both brown and soft rot
types can lead to substantial strength loss as quantified here by WSG loss [42]. In addition, there
is also a ~2 fold difference between the proportion of white rot in open versus mature forest,
which could also explain the lack of differences observed in WSG loss among habitats.

In terms of specific fungal taxa that may play roles in WD decay, the fungal communities
were dominated by Sordariomycetes and Dothideomycetes, both large and diverse classes of
ascomycetes found in many different habitats, as well as the basidiomycete class
Agaricomycetes, which contains a majority of both white rot and the brown rot fungi that
preferentially degrade lignin and cellulose, respectively [43]. In a previous study of early
decomposition (11 months) in five tropical species in Panama, researchers found an increase in
the abundance of Agariomycetes with time, which was not observed in our study, and the same
researcher also observed a decrease in Sordariomycetes over time [25]. In our study,
Sordariomycetes, including orders Xylariales and Hypocreales, were most abundant at the initial
sampling point and decreased slightly over time (Fig. S4). Some Xylariales are endophytes of
woody plants, including tropical trees [44], and many cause white rot [4]. The Sordariomycetes
genus Beauveria (Hypocreales), which was abundant at the initial sampling time point in C.
mekongensis, is also an endophyte of diverse grasses, angiosperms, and some woody plants
[45,46]. Surprisingly, Leotiomycetes, especially members of the family Sclerotiniaceae

(Helotiales), were also highly abundant at the initial time point in L. cubeba, comprising nearly
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30% of all taxa at 0 mo, and also decreased over time. These patterns suggest the hypothesis that
these Sordariomycetes and Leotiomycetes taxa may be endophytes that are highly abundant
initially, but do not always persist in later fungal communities in WD. This is in contrast to other
studies that have shown a strong priority effect for endophytic taxa or initial hyphal inoculum in
dead wood in microcosm studies [47,48]. It is possible that competitive interactions among later
colonizers in natural environments may lead to a decrease in initially abundant taxa during the
succession of wood decay communities (Maynard et al. 2017). Nevertheless, we did observe
large overlap between fungal community structure at different time points and evidence for
priority effects in significant Procrustes results between initial (O mo) and early decay (18 mo)
and between early decay (18 mo) and later decay (36 mo). It is possible that endophytic taxa
initially present in low abundance may increase in abundance in deadwood and contribute
substantially to the decay processes over time [47]. In C. mekongensis, for example,
Leotiomycetes as a whole showed an increase over time. While the family Sclerotiniaceae
(Helotiales) was the most abundant at the initial sampling time point but decreased over time,
other members of Helotiales (Dermateaceae and an unclassified family Incertae_sedis) increased
at 18 or 36 mo. Similarly, the Eurotiomycete family Herpotrichiellaceae (Chaetothyriales)
increased in abundance up to 18 mo for C. mekongensis in all habitats and for L. cubeba in
regenerating and mature forest. Recent studies have shown that abundance of fungi within the
ascomycete family Coniochaetaceae (Coniochatales), which were found in high abundance in the
decaying wood of 13 temperate European tree species and were also detected in our study,
correlated with abundance of laccases and different (hemi)cellulolytic enzymes, supporting a role

in wood decay. The ecological and functional traits of these orders of ascomycete fungi have not
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been well characterized, but our study and others suggests they warrant further attention for their
role in wood decay in tropical systems.

Across habitats, the genus Trichoderma, which includes fungi known to degrade
cellulose [50], was more abundant in open land, while Herpothrichiellaceae (Chaetothyriales)
was more abundant in regenerating forest and mature forest. The higher abundance of
Penicillium in logs in mature forest than in open land might reflect colonization from soil, as an
earlier study at the same site found Penicillium was abundant in mature forest soils and declined
in abundance in open land soils [51]. Many fungi involved in WD may colonise the substrate via
the soil. Indeed, previous research suggests a dynamic interaction among soil and wood
decomposing fungi in a temperate forest [52], as well as a homogenization of fungi involved in

fungal necromass decomposition in both soil and wood media [53].

Fungal alpha diversity
We found that wood species identity and time were the main determinants of fungal alpha
diversity during wood decomposition. This result corroborates recent findings in a subtropical
forest in China, where Kahl and colleagues monitored the decomposition of Pinus sp. and
Schima sp. over 2 years, and found species identity determined the composition of colonizing
fungi. They also found that Pinus sp., which had higher C:N ratio and lower N content, harbored
higher fungal diversity than Schima sp. [12,23]. In our study, L. cubeba had higher wood C:N
ratio and lower N content and consistently higher fungal diversity through time.

Previous studies have reported both negative [12] and positive relationships [9,20,22,52]
between fungal alpha diversity and incubation time but focused primarily on the early stages of

decay during the first two years. A comparison of the results from these studies to ours should
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also take into account the speed of decomposition in temperate vs. tropic environments. With this
in mind, we could say for early stage decomposition (18 mo in the tropical ecosystem and up to
36 mo elsewhere), we observed an increase in fungal diversity. However, after 18 mo, we
observed a decrease in diversity, with a continuous increase in WSG loss, suggesting a shift from
a positive to negative biodiversity — function relationship in later stage decomposition. These
results instead suggest a dynamic shift in the diversity and composition and the nature of
interactions among fungi that decompose wood through time, which may depend on various
factors, including wood properties. The first phase may reflect colonisation, when the log is still
relatively rich in easily decomposable components, and weak competitive interactions [9]. In
contrast, the next phase may reflect the exhaustion of easily decomposable components and
increasingly competitive interactions. Indeed, the sharp increase in the number of unique species
(Fig. 5) up to 18 mo may be explained by colonization of a newly available resource.
Increasingly strong competition through time for remaining resources may have led to a decline
of fungal richness thereafter. Moreover, the increase in white rot fungi up to 18 mo could have
enabled digestion of recalcitrant lignin, thereby exposing cellulose and hemicellulose, which are
then easily digestible by brown and soft rot fungi [30]. In most habitats in our study, the
proportion of brown and soft rot fungi increased from 18 mo to 36 mo. The magnitude of
increase was higher for C. mekongensis, which contained a higher initial lignin content (Table 1;

Fig. S2).

Fungal community structure
Fungal community composition at 0, 18 and 36 mo overlapped considerably, suggesting priority

effects were important [47,54]. However, both incubation time and habitat significantly affected
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the fungal community composition as has been observed in other studies [55]. It is expected that
fungal composition changes through time as the nature of the carbon substrates available are
altered during the decay process, and similar results are reported from studies in temperate
environments [9]. The microclimate within different habitats may not only affect which species
of fungi colonize a log, but also may dictate the outcome of fungal interactions in decomposing
logs. Hence, a significant effect of habitat on fungal composition is expected. However, our
model only explained 3% of the variance in fungal composition. A large proportion of the
variance in composition may arise from stochastic processes, such as dispersal-colonisation,
which is supported by the fact that the variance in composition increased through time (Fig. 4).
Termites also were found to alter indirectly wood decomposition through changes in the fungal
composition [56], which is in line with our finding of a significant interactions between time and
presence of termites. Termites may aid in dispersal-colonization for fungi by introducing fungal
spores in holes or entry-points they created.

Caveats

Although, molecular methods are becoming popular and hold high potential of detecting species
that would not otherwise being detected under traditional culture methods [11], these methods
heavily rely on existing species sequences with taxonomic representation in public databases
libraries. Moreover, the functional traits of many fungi have not been investigated thoroughly.
The best available database to assign fungal sequences to trophic modes is the FunGuild database,
yet a large proportion (70%) of OTUs could not be assigned to a rot type (see supplementary
materials Fig. S3). This reflects both the lack of fungal DNA sequences for tropical fungi and the

lack of knowledge of trophic modes and functions of many fungal taxa.
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Conclusion

The effects of biotic factors on woody debris decomposition, including microbial diversity and
functional composition, have been understudied in tropical ecosystems. In the present study, we
employed next generation sequencing to investigate the succession of fungal communities in WD
over time and their role in wood decomposition rates in a tropical mountainous forest subjected
to anthropogenic disturbance. Over three years, habitat did not have a significant effect on WSG
while the effect of wood species on fungal diversity and composition varied through time. The
logs of the wood species with relatively low initial WSG harbored the highest diversity of fungi,
perhaps due to the higher proportion of labile carbon in the form of sugars. In addition, fungal
diversity and the proportion of saprotrophs and white-rot fungi peaked at 18 mo regardless of
wood species and then declined, suggesting an initial period of colonisation and weak
competitive interactions, followed by increasingly competitive interactions leading to decreased
diversity. As anticipated, fungal community structure varied with time, wood species identity
and habitat. However, fungal diversity was not a significant predictor of WSG loss. Our results
suggest that changes in functional traits, such as mechanisms of rot type, rather than species
diversity per se may better explain variation in WSG loss. Future studies should aim at
investigating the role of fungal functional traits and rot types, particularly those of Ascomycete
fungi whose roles in wood decay are less well characterized, as well as the effects of bark traits

on the dynamics of fungal decomposers in tropical systems.

Materials & methods

Study site
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Our study site was located in Mengsong a small township within Bulong Nature Reserve
(Xishuangbanna, China, UTM/WGS84: 47 Q 656355 E, 2377646 N, 1100-1900 m above sea
level, Figure S 1). The climate in Mengsong is seasonal and monsoonal. Mengsong receives
1600-1800 mm of rainfall annually [57] of which 80 % occurs within 6 months of the year from
May to October. The vegetation found in Mengsong has been described by Zhu et al. [58].
Briefly, Mengsong is characterized by mountainous vegetation and shares many plant families

with temperate Asian forests, with Fagaceae and Lauraceae as dominant canopy families.

Plot design to account for disturbance gradient
A stratified and systematic protocol [59,60] was used to select plots, based on both satellite
imagery and ground truthing in 2009. The current landscape of Mengsong consists of a mosaic
that includes open land such as barren fields, grassland and terraced tea fields, as well as
regenerating forest and mature forest. In total, 28 one hectare plots were selected and established
in 2010 to represent the disturbance gradient found in the landscape. Specifically, after
classification 10, 12 and 6 plots classified as mature forests, regenerating forests and open land,
respectively, were selected. Each plot was then subdivided into 9 subplots on a 3 x 3 grid with 50
m interval among subplots (Figure S1 Panel C). Only 5 of the 9 subplots per plot were used for
the wood incubation experiment (subplots 1, 3, 5, 7, 9; Fig. S1).
Experimental set up and wood species selection

Based on a social survey conducted in September 2011 among farmers in Mengsong to
assess local knowledge and understand how they classify woody trees in their landscape, we

selected two native species contrasting in wood density: 1) Litsea cubeba (Lauraceae), which has
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a relatively low wood specific gravity (0.42), and 2) Castanopsis mekongensis (Fagaceae), which
has a relatively high wood specific gravity (0.75).

We purchased 29 living individual trees of Litsea and 32 of Castanopsis from local
farmers’ firewood plantations and harvested the main stem of these trees. The harvested stems
were ~9 cm in diameter and were cut into logs 0.5 m in length using a handsaw. We sterilized
the handsaw with ethanol and flamed it between cuts to prevent any microbial cross-
contamination among samples. All the logs were transported to the field station for further
preparation, such as fixing a unique tag number, and measurement of biometric variables (e.g.,
initial fresh weight, bark thickness, diameter, and total length). In order to establish initial wood
functional traits, initial wood chemistry, and to examine initial fungal composition, a disk of 10
cm thickness was collected from the bottom of each individual tree and stored at -20 ° C.

The logs used for the experiment had a mean diameter of 9.53 £ 1.11 cm (sd) and 9.58 +
1.02 cm, mean initial weight of 2.3 £0.53 kg and 1.4 £ 0.36 kg, and mean bark thickness of 6.06
+ 2.83 mm and 2.82 + 0.82 mm for Castanopsis mekongensis and Litsea cubeba, respectively.
With respect to bark chemistry, L. cubeba had higher nitrogen (N), phosphorus (P), potassium
(K), water soluble sugar, hemi-cellulose and tannin concentrations than C. mekongnensis and
similar concentrations of carbon (C), cellulose and lignin. For wood chemistry, L. cubeba had
higher concentrations of P, cellulose, hemi-celluloses and water soluble sugar, while C.
mekongensis wood had higher concentrations of C, N, fiber and lignin (Table S1). Detailed
chemical analysis protocols of the wood composition were reported in.[61]

At each of the five subplots within the established plots (see above), we set up a small

decomposition plot 2 m x 2 m approximately 5 m north of the subplot center and incubated one
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log of each species. In total, 280 logs (28 plots x 5 subplots x 2 species x 1 log) were incubated

on the forest floor in 2011 and monitored for three years.

Sample collections
Wood cores were taken with a core borer (Forestry suppliers ®, Jackson, MS, USA). We
calculated WSG using the following formula;

Ovendrymassofwoodcore
WSG = * Pwater
Ovendryvolumeofwoodcore

where: WSG is the wood specific gravity (unit less), oven dry mass (g), oven dry volume (cm™)
and P, qeer is density of water (1.00 g cm™) [62].

At the same time, the presence/absence of termites was recorded and a cordless drill (Doug Jones,
Doug Jones Jiwei company, Taiwan) was used to collect wood dust next to the core sample.
Wood dust samples were placed directly in a tube (Corning tube Corning®) and immediately
stored in -20 ° C freezer for molecular analysis after being transported to the field laboratory on
ice bags. Each log was divided longitudinally into 5 cm sections and on each sampling occasion
one of these sections was randomly chosen for sampling. One core sample and one wood dust
sample were collected from the bottom (surface in contact with the ground) of the selected
section and one each from the top of the log. The sampling equipment was cleaned and flamed
between samples to avoid cross-contamination, and the holes in the log were plugged with
silicone (Tosseal® 381, Tokyo, Japan) to prevent inadvertent introduction of microbes. Samples
were collected at 3, 6, 12, 18, 24 and 36 mo. However, to reduce costs, only wood dust samples

collected at 18 mo and 36 mo, from four subplots (#1, 3,7 and 9 each at the corner of the plot

like number four on a dice) and from the bottom of the log were used for molecular analyses.

Hence, we planned to do molecular analysis on a total of 432 field samples (27 plots x 4 subplots



481 X 2 species x 2 sample occasions), however only 384 field samples were conducted due to

482  missing samples and 34 samples from the initial wood discs. We elected to use the samples from
483  the bottom of the log to avoid interaction with photo-decomposition.

484

485  Molecular analyses of fungal communities

486  DNA extraction

487  Wood dust samples were homogenized to a fine powder with a mortar and a pestle in liquid

488  nitrogen. Subsequently, DNA was extracted from 150 to 250 mg of each homogenized wood
489  dust sample using the ZR Soil Microbe DNA MiniPrep kit (Zymo Research, Irvine, CA, USA)
490  according to the manufacturer's instructions. DNA quality was checked using a NanoDrop

491  ND1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).

492  DNA metabarcoding and next generation sequencing

493  The DNA extracted from each sample was quantified using the Qubit fluorometer (Thermo-
494  Fischer) and approximately 10-25 ng of DNA for each sample were submitted to the University
495  of Minnesota Genomics Center (UMGC) for library amplification and sequencing. Additional
496  samples to assess the quality and accuracy of the amplification and sequencing steps included a
497  mock fungal community which contained equal quantities of 37 known fungal taxa (See

498  supplementary material Table S2 for the list of species in the mock community) and technical
499  replicates consisting of replicate libraries of the same DNA sample. A two-step dual-indexed
500 amplification method [63] was used for amplifying the fungal internal transcribed spacer 1 (ITS1)
501  barcode region. The universal fungal primers employed in this study are ITS1F

502 (CTTGGTCATTTAGAGGAAG*TAA) and ITS2R (GCTGCGTTCTTCATCGA*TGC) [64].

503  All the samples were amplified individually and the amplified PCR products were then barcoded



504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

prior to pooling. The pooled sample was sequenced across two 300 base pair (bp) pair-end
[llumina Miseq lanes to get sufficient coverage for each sample. The sequences from all Miseq

lanes were aggregated together for the downstream quality control.

Data analysis

Bioinformatics

MOTHUR [65] was used to pair the sequences and make contigs, excluding sequences that had
less than 100 bp overlap. The remaining sequences that had less than 2 bp mismatch to the fungal
ITS1 region primer were retained for further filtering. The remaining sequences were filtered to
remove those that had more than one ambiguous base, more than eight homopolymers, or were
shorter than 150 bp or longer than 420 bp. The sequences that passed filtering in MOTHUR were
transferred into the QIIME platform [66]. Chimeras were removed based on both the de novo
and reference based chimera check algorithms of the USEARCHG61 pipeline [67]. Representative
OTUs were picked de novo at 97% similarity using USEARCH [68]. The taxonomy of OTUs
was assigned using a 97 % similarity blast threshold. The UNITE database dynamic version
20.11.2016 [69] was used for the taxonomy assignment. The OTU table was transferred into R
for subsequent statistical analyses.

FUNGuild was used to map OTUs to trophic modes and ecological guilds [70]. Our
analyses first looked at the dynamics of the major trophic modes of fungi (e.g., pathotrophs,
saprotrophs and symbiotrophs). Second we further explored the taxonomic diversity of
saprotrophs, as these are the fungi that actively degrade wood constituents. Lastly, we focused on

three functional traits/guilds relevant to wood decay, namely white, soft and brown rot fungi



526  which denote the decay rot type, while other guild categories were aggregated under the category
527  “other”.

528

529  Sequences

530  All sequences are submitted to the NCBI database under the project bioproject accessible at

531  https://www.ncbi.nlm.nih.gov/bioproject/PRINA503471. [Raw data file along with r script will

532 be uploaded upon acceptance of the MS]

533

534  Statistical analyses

535  Wood specific gravity (WSG) dynamics

536  WSG loss was reported in a previous study examining the habitat, species and abiotic effects on
537  wood decomposition (Dossa et al. submitted). Here our objective was to explain changes in the

538  diversity and composition of fungal decomposer communities and their effect on WSG loss.

539

540 Fungal taxonomic diversity (Alpha diversity) and community structure (Beta-diversity)
541  We used Chao 1 as an estimator of alpha diversity. The Chao 1 estimator was computed as

542 follows: N + S?/ (2 D) where N is the number of OTUs, S is the number of singleton OTUs and
543 D is the number of doublet OTUs, (i.e. OTUs with abundance 2) [71]. We estimated alpha

544  diversity per sample and examined its change across time and the disturbance gradient. We then
545  modeled alpha diversity across time using all the variables including incubation time, habitat,
546  and species with all two way interactions. We used a linear mixed model implemented with the
547  function /mer from the package “lme4” [72]. We simplified the maximal model to the optimal

548  model by subtracting variables one at a time starting from the higher level (interactions),
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respecting the principle of marginality. We used the likelihood ratio test to determine whether
there was a significant shift in the likelihood of the predecessor model while dropping a
particular variable. We also used variance partitioning through linear modeling to assess how
much of the variation in WSG was explained by alpha diversity at the mid time point, as the
alpha diversity temporal pattern was consistent across habitats and species. We used liner mixed
effects models function /me from “nlme” package [73] and considered plot as random factor.

To assess community structure and turn over (beta diversity) we generated a dissimilarity
distance matrix based on Bray-Curtis distance by using the function vegdist method “bray” from
the package “vegan” [33]. We also conducted a non-metric multidimensional scaling (NMDS)
based on this dissimilarity matrix using the function metaMDS from the “vegan” package. We
then assessed the effects of the factors tree species, forest disturbance, and time on the
dissimilarity between fungal communities by performing a constrained permutational
multivariate anova (PERMANOV A) with the function adonis from the “vegan” package. We
used the argument strata = Wood log ID to account for the random factor. Prior to modeling
fungal community structure, we checked for any time effect due to repeated measures. We then
examined any priority effects by conducting a procrustes analysis, using the function protest
from the “vegan” package on OTU matrixes from 0 mo, 18 mo and 36 mo of incubation time.
Procrustes analysis superimposes two matrices and asks whether the degree of superimposition is
likely to occur by chance. If not, this would suggest that the initial community composition
constrains the community assemblage that develops during the decay process. We further used
the traits obtained from FUNGuild to compute the percent of each ecological guild category
within each forest disturbance category (mature, regenerating forest and open land) and per

harvesting time (initial = time 0 mo, 18 mo and 36 mo after incubation). We plotted the
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dynamics of the percentage of each guild category against time. We further assessed not only the
dynamics of fungal guilds assigned to distinct rot types over time, but also examined how
different rot type fungi contributed to WSG loss. Finally, we used structural equation modeling
(SEM) to investigate both the direct and indirect effects of species, time, and habitat type on
WSG loss via fungal alpha diversity and white rot fungi abundance (Figure S2 illustrates the
initial SEM analysis model). We employed the package “lavaan™ [74] to conduct SEM. For this
analysis, we first converted the habitat variable, which is a categorical variable, to dummy
variables using dummy.code function from the package “psych”, and we included time in the
modeling as an ordered categorical factor [75]. We examined the direct effects of main factors
(time, woody species and habitat type) on the total response variable (loss of WSG). As we
hypothesized that the fungal diversity and abundance of white-rot fungi would change over time,
we subsequently tested the indirect effect of the main factors on WSG loss mediated via partial
responses (fungal diversity and white rot abundance). We reduced the full model to best fit
model using the likelihood ratio test, which compares nested models (full model against reduced
model), using the function LavTestLRT within “lavaan” package. We removed non-significant
variables one at a time and retained them in the best fit model only if they produced a reduced
model that deviated significantly from the preceding more inclusive model by the likelihood

ratio test. All analyses were performed in R version 3.5.2 [76].
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Figure legends

Fig. 1: Percentage wood specific gravity (WSG) loss from logs installed across 28 plots in the
Mengsong landscape after 18 mo and 36 mo incubation. The experiment used two species, Litsea
cubeba and Castanopsis mekongensis. Points represent predicted mean values (95% confidence
interval) for two species (Litsea cubeba and Castanopsis mekongensis) with respect to
disturbance category (mature forest, regenerating forest and open-land) and incubation time
during 36 month of wood decomposition in tropical montane forest, Mengsong, Xishuangbanna,

SW, China (Dossa et al. submitted).

Fig. 2: A) Average relative abundance of OTUs assigned to higher taxonomic units (Ascomycota,
Basidiomycota, Other), B) Average relative abundance of OTUs assigned by FUNGuild to
different tropic modes (Pathotroph, Saprotroph, Symotroph) and C) Average relative abundance
of OTUs assigned by FUNGuild to different rot types (white-rot, brown-rot, and soft-rot fungi).
In order to have comparable values, the relative abundance was calculated across all our samples
regardless of habitats and species. And this relative abundance represents the proportion of

OTUs assigned to each fungal guild identified via FUNGuild. Thus within each panel the total

percentage sums to 100.

Fig. 3: Change in fungal alpha diversity (Chao 1) across time and forest types for two wood
species (Litsea cubeba and Castanopsis mekongensis) across habitat (mature forest in red,
regenerating forest in blue and open forest in green) during 36 month of wood decomposition in
tropical montane forest, Mengsong, Xishuangbanna, SW, China. Points represent predicted

mean values (+95% confidence interval) for two wood species (Litsea cubeba and Castanopsis
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mekongensis) with respect to disturbance category (mature forest, regenerating forest and open-
land) and incubation time during 36 month of wood decomposition in tropical montane forest,
Mengsong, Xishuangbanna, SW, China. Note that for 0 mo error bars represent standard error of
the mean (from pooled logs) while for the remainder time points the error bars are +/- 95 % from

the best predicted model.

Fig. 4: Change in fungal composition through time based on Bray-Curtis dissimilarity over 36
month of wood decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW,
China (each point representing a sample; 95% confidence intervals around centroids are shown
(ellipses)). The upper two panels show ellipses (colored dashed lines) for incubation time. The
lower two panels show ellipses for forest disturbance categories. Initial in the lower two panels

represent the communities at 0 mo before incubation.

Fig. 5: Venn diagram for displaying the temporal dynamics of unique and shared fungal species
(OTUs) harbored by logs of A) Castanopsis mekongensis, B) Litsea cubeba, C) both species at
initial time 0 mo, D) both species at 18 mo, and E) both species at 36 mo after incubation during
36 month of wood decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW,

China.

Fig. 6: Structural equation modeling summarizing the direct and indirect effects of time, fungal
alpha diversity, woody species, white rot abundance and forest type on wood specific gravity
(WSG) loss on logs of Litsea cubeba and Castanopsis mekongensis during 36 month of wood

decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW, China. Thickness of
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the path equates to the strength of path coefficient. Black and red arrows indicate positive and
negative paths respectively. For clarity we did not put the non-significant path coefficients in the
diagram (but see Table S5 for full SEM results). Chi square = 4.17, P-value = 0.53 , degrees of
freedom (DF) = 5, Comparative Fit Index (CFI) = 1. As habitat is a categorical variable with
three levels, we created dummy variables with mature forest as the baseline level so any path
regression coefficient for the other two levels represents the difference of that level from the

baseline. Time was included as ordered categorical variable with 18 mo < 36 mo.
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Tables

Table 1: Analysis of factors affecting Bray-Curtis dissimilarity between fungal communities

using permutational multivariate analysis PERMANOVA with repeated measurement

implemented in adonis for fungal communities found in log of Litsea cubeba and Castanopsis

mekongensis during 36 month of wood decomposition in tropical montane forest, Mengsong,

Xishuangbanna, SW, China. DF = Degree of freedom.

Sums of Mean
Parameters DF  Squares Squares F. Model R’ Pr(>F)
Time 1 1.565 1.565 3.560 0.009 0.001
Forest 2 1.166 0.583 1.327 0.007 0.001
Termites 1 0.409 0.409 0.930 0.004 0.176
Time:Termites 1 0.602 0.602 1.369 0.004 0.003
Residuals 377 165.726 0.440 0.976
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Figure 1

Percentage wood specific gravity (WSG) loss from logs installed across 28 plots in the Mengsong
landscape after 18 mo and 36 mo incubation. The experiment used two species, Litsea cubeba and
Castanopsis mekongensis. Points represent predicted mean values (+95% confidence interval) for two
species (Litsea cubeba and Castanopsis mekongensis) with respect to disturbance category (mature
forest, regenerating forest and open-land) and incubation time during 36 month of wood decomposition
in tropical montane forest, Mengsong, Xishuangbanna, SW, China (Dossa et al. submitted).
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Figure 2

A) Average relative abundance of OTUs assigned to higher taxonomic units (Ascomycota, Basidiomycota,
Other), B) Average relative abundance of OTUs assigned by FUNGuild to different tropic modes
(Pathotroph, Saprotroph, Symotroph) and C) Average relative abundance of OTUs assigned by FUNGuild
to different rot types (white-rot, brown-rot, and soft-rot fungi). In order to have comparable values, the
relative abundance was calculated across all our samples regardless of habitats and species. And this
relative abundance represents the proportion of OTUs assigned to each fungal guild identified via
FUNGuild. Thus within each panel the total percentage sums to 100.



350 Forest type

@ Mature forest
® Regeneraling forest
® Open land
Woody species

— 300+ \ 1 ® (Castanopsis mekongensis

8 A [jtsea cubeba

£

Q

:ag' A A A

t_

O

@

§‘250

e

> & + & A A A

o

2

-

2

22001

<

150+
0 mo 18 mo 36 mo
Incubation duration (months)
Figure 3

Change in fungal alpha diversity (Chao 1) across time and forest types for two wood species (Litsea
cubeba and Castanopsis mekongensis) across habitat (mature forest in red,regenerating forest in blue
and open forest in green) during 36 month of wood decomposition in tropical montane forest, Mengsong,
Xishuangbanna, SW, China. Points represent predicted mean values (+95% confidence interval) for two
wood species (Litsea cubeba and Castanopsis mekongensis) with respect to disturbance category
(mature forest, regenerating forest and open-land) and incubation time during 36 month of wood
decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW, China. Note that for 0 mo
error bars represent standard error of the mean (from pooled logs) while for the remainder time points the
error bars are +/- 95 % from the best predicted model.
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Figure 4

Change in fungal composition through time based on Bray-Curtis dissimilarity over 36 month of wood
decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW, China (each point
representing a sample; 95% confidence intervals around centroids are shown (ellipses)). The upper two
panels show ellipses (colored dashed lines) for incubation time. The lower two panels show ellipses for
forest disturbance categories. Initial in the lower two panels represent the communities at 0 mo before
incubation.
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Figure 5

Venn diagram for displaying the temporal dynamics of unique and shared fungal species (OTUs)
harbored by logs of A) Castanopsis mekongensis, B) Litsea cubeba, C) both species at initial time 0 mo,
D) both species at 18 mo, and E) both species at 36 mo after incubation during 36 month of wood
decomposition in tropical montane forest, Mengsong, Xishuangbanna, SW, China.
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Figure 6

Structural equation modeling summarizing the direct and indirect effects of time, fungal alpha diversity,
woody species, white rot abundance and forest type on wood specific gravity (WSG) loss on logs of
Litsea cubeba and Castanopsis mekongensis during 36 month of wood decomposition in tropical
montane forest, Mengsong, Xishuangbanna, SW, China. Thickness of the path equates to the strength of
path coefficient. Black and red arrows indicate positive and negative paths respectively. For clarity we did
not put the non-significant path coefficients in the diagram (but see Table S5 for full SEM results). Chi
square = 4.17, P-value = 0.53, degrees of freedom (DF) = 5, Comparative Fit Index (CFl) = 1. As habitat is
a categorical variable with three levels, we created dummy variables with mature forest as the baseline
level so any path regression coefficient for the other two levels represents the difference of that level from
the baseline. Time was included as ordered categorical variable with 18 mo < 36 mo.
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