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Introduction

Typhoon disturbance is causing large impacts on subalpine 
forests in Far East Asia (Ida, 2000; Suzuki et al., 2013; Guo 
et al., 2015). While blowdown disturbance have direct, short-
term effects on forest dynamics, microbial communities in 
the ground have indirect and usually gradual—but equally 
pivotal—effects on the dynamics of aboveground vegetation, 
of which little is known (Bardgett & Wardle, 2010).

The decay of dead wood lying on the ground is important 
for seedling regeneration in spruce forests with developed 
canopies (Bače et al., 2012; Ando et al., 2017; Tsvetanov et 
al., 2018) because the majority of seedlings that germinate 
on shaded ground will be killed by pathogenic soil fungi 
within a couple of years; only seedlings on logs (or stumps), 
where the density of pathogens present is smaller, can survive 
(Cheng & Igarashi, 1987; Mori et al., 2004). The wood decay 
activity of the fungal communities that deadwood harbours 
has significant effects on seedling performance and density 
(Bače et al., 2012; Fukasawa, 2012, 2016, 2018; Fukasawa & 
Komagata, 2018; Fukasawa et al., 2017). The density of spruce 
seedlings on deadwood is negatively affected by brown-rot 
fungi, which decay wood holocellulose selectively and modify 
lignin only slightly, probably due to the acidity or fragility 
of brown-rotted wood (Bače et al., 2012). In contrast, white-
rot fungi decay wood holocellulose and lignin simultaneously 
or lignin selectively, and have positive effects on seedling 

density (Bače et al., 2012; Ando et al., 2017). Such differences 
between wood decay types of fungi are critical determinants 
of complex biotic interactions on deadwood associated with 
seedling regeneration (Fukasawa et al., 2015; Ando et al., 
2017; Fukasawa & Ando, 2018).

In this mini-review, I discussed a possible option for forest 
management to stimulate forest recovery after disturbance 
by comparing two case studies in subalpine coniferous forest 
dominated by Picea jezoensis var. hondoensis (Hondo spruce) 
from mycological point of view. Both forest sites were 
severely damaged by a super typhoon (Category 5), named 
Vera or the Isewan typhoon in September 1959: one forest has 
recovered whereas the other has not recovered yet.

Case study 1: Forest RECOVERED after the 
past disturbance

Fukasawa et al. (2019a) evaluate the long lasting impact of 
the typhoon disturbance on communities of wood-inhabiting 
fungi, bryophyte, wood decay and tree seedling establishment 
on fallen logs of Hondo spruce in Yatsugatake Mountains, 
central Japan (36˚00’N, 138˚23’E, ca. 2200 m a.s.l.). The mean 
annual temperature is 2.1 ˚C and the mean annual precipitation 
is 1567 mm (Japan Meteorological Agency, 1981–2010 
average). Before the typhoon disturbance, forest in this area 
was consist of Abies veitchii (basal area: 10–90%), A. mariesii 
(10–40%), Tsuga diversifolia (0–50%), Picea jezoensis var. 
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hondoensis (0–30%), and Betula ermanii (0–10%) (Kimura, 
1963). Although the typhoon severely damaged the forest, a 
large part of the disturbed area is now covered by a coniferous 
forest dominated by Abies veitchii and A. mariesii, which 
mainly originated from saplings and seedlings that existed 
at the time of the original canopy damage (Kimura, 1963; 
Kimura et al., 1986). In this forest, Fukasawa et al., (2019a) 
found that forest disturbance has no clear effects on current 
fungal communities within logs and wood decay type as well, 
compared to that of surrounding undisturbed stands. However, 
disturbance affected bryophyte communities, which had strong 
effects on the seedling densities on the logs. Although they 
recorded poor regeneration of Hondo spruce, the bryophyte 
species and coverage on the logs seems suitable for spruce 
seedlings, and will host them near future as forest succession 
progresses.

Case study 2: Forest DECLINED after the 
past disturbance

Contrast to Yatsugatake Mountains, Hondo spruce stand 
in Odaigahara Mountains (34˚11’N, 136˚06’E, 1600 m a.s.l.) 
declined after the typhoon disturbance. Fukasawa et al. 
(2019b) evaluate the effect of forest decline on communities 
of wood-inhabiting fungi, bryophyte, wood decay and tree 
seedling establishment on dead wood of Hondo spruce by 
comparing those variables between stands with different 
dieback intensity (weak, mid, heavy). They found that forest 
decline promoted the frequency of brown-rot fungi in spruce 
dead wood. The frequency of brown-rotted wood increased 
with dieback intensity. In this site, forest dieback had a 
variety of indirect effects on Picea seedling density via wood 
decay type and bryophyte cover on dead wood. First, forest 
dieback reduced bryophyte cover on dead wood, which was 
important for spruce seedling colonization. Second, brown-
rotted wood dominating the dieback forest negatively affected 
bryophyte cover. The results suggest that the function of wood 
decay fungal communities and their effects on interspecific 
interactions between bryophytes and spruce seedlings might 
be a key mechanism affecting the colonization success of 
spruce seedlings, which could be easily modified by the forest 
disturbance.

Conclusions

Although Yatsugatake and Odaigahara mountains are 
290 km apart from each other, data from these two forest 
sites represents an interesting contrast regarding the forest 
recovery process and possible role of wood-inhabiting fungi 
and wood decay on it. An obvious difference between these 
forest sites is the rate of forest recovery. In Yatsugatake, the 
canopy of the disturbed stand was already closed to the same 
degree as an undisturbed stand because of the rapid regrowth 
of Abies spp., which had originally coexisted with spruce 
(Suzuki et al., 2013). In contrast, the heavily disturbed stand in 
Odaigahara, which had been almost pure spruce stand, had not 
yet recovered and the canopy was completely open (Shibata 
et al., 2008). Comparison of these two sites suggests that 
the intensive dieback site in Odaigahara seems to be staying 
in an alternative semi-stable state in the forest restoration 

process (Klotzli & Grootjans, 2001). The collapse of causal 
linkages between fungal decomposition of wood, bryophyte 
colonization, and spruce seedling establishment could be a 
mechanism by which the focal ecosystem has been staying 
in an alternative semi-stable state for a long time after the 
typhoon disturbance. Slow forest recovery reduces not only the 
seed supply from adult trees but also bryophyte cover on dead 
wood, which is important for spruce seedling colonization, and 
enhances the dominance of brown-rot in dead wood, which 
is not suitable for spruces seedling colonization. Therefore, a 
possible option for quick recovery of Hondo spruce forest after 
typhoon disturbance would be to stimulate stand regeneration 
not necessarily by spruce, but by other coexisting rapidly 
growing canopy tree groups such as Abies.

Acknowledgements

I would like to thank Professor Kentaro Kato and the 
organizing Committee of the 17th International Symposium on 
Integrated Field Science for the invitation to participate at this 
event.

References

Allen, C. D., A. K. Macalady, H. Chenchouni, D. Bachelet, N. 
McDowell, M. Vennetier, T. Kitzberger, A. Rigling, D. D. 
Breshears, E. H. T. Hogg, P. Gonzalez, R. Fensham, Z. Zhang, 
J. Castro, N. Demidova, J. H. Lim, G. Allard, S. W. Running, A. 
Semerci and N. Cobb (2010) A global overview of drought and 
heat-induced tree mortality reveals emerging climate change risks 
for forests. Forest Ecology and Management, 259: 660-684. DOI: 
10.1016/j.foreco.2009.09.001

Ando, Y., Y. Fukasawa and Y. Oishi (2017) Interactive effects of wood 
decomposer fungal activities and bryophytes on spruce seedling 
regeneration on coarse woody debris. Ecological Research, 32: 
173-182.

Bače, R., M. Svoboda, V. Pouska, P. Janda and J. Červenka (2012) 
Natural regeneration in Central-European subalpine spruce forests: 
Which logs are suitable for seedling recruitment? Forest Ecology 
and Management, 266: 254-262.

Bardgett, R. D. and D. A. Wardle (2010) Aboveground-belowground 
linkages: Biotic interactions, ecosystem processes, and global 
change. Oxford University Press, Oxford.

Bebi, P., D. Kulakowski and T. T. Veblen (2003) Interactions between 
fire and spruce beetles in a subalpine Rocky Mountain forest 
landscape. Ecology, 84: 362-371.

Bigler, C., D. G. Gavin, C. Gunning and T. T. Veblen (2007) Drought 
induces lagged tree mortality in a subalpine forest in the Rocky 
Mountains. Oikos, 116: 1983-1994. DOI: 10.1111/j.2007.0030-
1299.16034.x

Cheng, D. and T. Igarashi (1987) Fungi associated with natural 
regeneration of Picea jezoensis Carr. in seed stage. Research 
Bulletin of the College Experiment Forests Hokkaido University, 
44: 175-188.

Fukasawa, Y. (2012) Effects of wood decomposer fungi on tree 
seedling establishment on coarse woody debris. Forest Ecology 
and Management, 266: 232-338.

Fukasawa, Y. (2016) Seedling regeneration on decayed pine logs after 
the deforestation events caused by pine wilt disease. Annals of 
Forest Research, 59: 191-198. DOI: 10.15287/afr.2016.572

Fukasawa, Y. (2018) Pine stumps act as hotspots for seedling 
regeneration after pine dieback in a mixed natural forest dominated 
by Chamaecyparis obtusa. Ecological Research, 33: 1169-1179.

Fukasawa, Y. and Y. Ando (2018) The effects of wood decay type on 
the growth of bryophyte gametophytes. Journal of Bryology, 40: 
159-162.

Fukasawa, Y. and Y. Komagata (2017) Regeneration of Cryptomeria 
japonica seedlings on pine logs in a forest damaged by pine wilt 



Y. FUKASAWA14

disease: effects of wood decomposer fungi on seedling survival 
and growth. Journal of Forest Research, 22: 375-379. DOI: 
10.1080/13416979.2017.1380398

Fukasawa, Y., K. Takahashi, T. Arikawa, T. Hattori and N. Maekawa 
(2015) Fungal wood decomposer activities influence community 
structures of myxomycetes and bryophytes on coarse woody 
debris. Fungal Ecology, 14: 44-52.

Fukasawa, Y., Y. Ando, Y. Oishi, K. Matsukura, K. Okano, Z. Song 
and D. Sakuma (2019b) Effects of forest dieback on wood decay, 
saproxylic communities, and spruce seedling regeneration on 
coarse woody debris. Fungal Ecology, 41: 198-208.

Fukasawa, Y., Y. Ando, Y. Oishi, S. N. Suzuki, K. Matsukura, K. 
Okano and Z. Song (2019a) Does typhoon disturbance in subalpine 
forest have long-lasting impacts on saproxylic fungi, bryophytes, 
and seedling regeneration on coarse woody debris? Forest Ecology 
and Management, 432: 309-318.

Fukasawa, Y., Y. Komagata and S. Ushijima (2017) Fungal wood 
decomposer activity induces niche separation between two 
dominant tree species seedlings regenerating on coarse woody 
materials. Canadian Journal of Forest Research, 47: 106-112.

Guo, X., H. Zhang, Y. Wang and J. Clark (2015) Mapping and 
assessing typhoon-induced forest disturbance in Changbai 
Mountain National Nature Reserve using time series Landsat 
imagery. Journal of Mountain Science, 12: 404-416.

Ida, H. (2000) Treefall gap disturbance in an old-growth beech forest 
in southwestern Japan by a catastrophic typhoon. Journal of 
Vegetation Science, 11: 825-832.

Kimura, M. (1963) Dynamics of vegetation in relation to soil 
development in northern Yatsugatake Mountains. Japanese Journal 

of Botany, 18: 225-287.
Kimura, M., W. Kimura, S. Homma, T. Hasuno, and T. Sasaki (1986) 

Analysis of development of a subalpine Abies stand based on the 
growth processes of individual trees. Ecological Research, 1: 229-
248.

Klotzli, F. and A. P. Grootjans (2001) Restoration of natural and 
semi-natural wetland systems in central Europe: progress and 
predictability of developments. Restoration Ecology, 9: 209-219.

Mori, A., E. Mizumachi, T. Osono, and Y. Doi (2004) Substrate-
associated seedling recruitment and establishment of major conifer 
species in an old-growth subalpine forest in central Japan. Forest 
Ecology and Management, 196: 287-297.

Shibata, E., M. Saito and M. Tanaka (2008) Deer-proof fence prevents 
regeneration of Picea jezoensis var. hondoensis through seed 
predation by increased woodmouse populations. Journal of Forest 
Research, 13:89-95.

Suzuki, S. N., N. Kachi and J. I. Suzuki (2013) Spatial variation 
of local stand structure in an Abies forest, 45 years after a large 
disturbance by the Isewan typhoon. Journal of Forest Research, 
18:139-148.

Tsvetanov, N., A. Dountchev, M. Panayotov, P. Zhelev, P. Bebi, and 
S. Yurukov (2018) Short- and long-term natural regeneration after 
windthrow disturbances in Norway spruce forests in Bulgaria. 
iForest, 11: 675-684. DOI: 10.3832/ifor2754-011

Veblen, T. T., D. Kulakowski, K. S. Eisenhart and W. L. Baker (2001) 
Subalpine forest damage from a severe windstorm in northern 
Colorado. Canadian Journal of Forest Research, 31: 2089-2097. 
DOI: 10.1139/cjfr-31-12-2089


