Tables and Figures
Table 1 Details of study plots.
	Plot
	Latitude (º)
	Longitude (º)
	Elevation (m)
	Plot size (m2)
	No. of tree individuals

	LB
	N12.0478056
	E108.438583
	1920
	1500 (30 m x 50 m)
	399

	CT
	N12.0936944
	E108.377444
	1860
	1500 (30 m x 50 m)
	584

	HG
	N12.1875418
	E108.713822
	1666
	1000 (10 m x 100 m)
	1542

	DIG
	N12.1514333
	E108.536289
	1660
	2500 (50 m x 50 m)
	834

	GL
	N12.1852344
	E108.678394
	1460
	1500 (30 m x 50 m)
	607
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Table 2 Nine well-studied areas of previous studies.
	Climate zones
	Country
	Study area
	Phenology
	Referenced studies
	Elevation (m)
	Monitored species and families 
(if many, TOP 3 families)

	Temperates
	Japan
	Kanto
	LF
	Nitta & Ohsawa (1997)
	300
	11 species of 6 families
(Pinaceae, Fagaceae, Lauraceae)

	
	
	
	FL
	Takanose & Kamitani (2003)
	482
	51 species of 25 families
(Fagaceae, Pinaceae, Rosaceae)

	
	
	
	FR
	
	
	

	
	
	Kyushu
	LF
	Edwards et al. (2017)
	50600
	9 species of Viburnaceae

	
	
	
	
	Yahara, unpublished
	20–57
	60 species of 33 families 
(Fagaceae, Adoxaceae, Fabaceae)

	
	
	
	FL
	Nagahama & Yahara (2019)
	
	48 species of 24 families
(Lamiaceae, Fabaceae, Asteraceae)

	
	
	
	
	Yahara, unpublished
	
	60 species of 33 families 
(Fagaceae, Adoxaceae, Fabaceae)

	
	
	
	FR
	Yahara, unpublished
	
	60 species of 33 families 
(Fagaceae, Adoxaceae, Fabaceae)

	Subtropics
	Taiwan
	Fushan
	LF
	Edwards et al. (2017)
	120
	1 species of Viburnaceae

	
	
	
	FL
	Chang-Yang et al. (2013)
	600–733
	26 species of 18 families
(Fagaceae, Lauraceae, Theaceae)

	
	
	
	FR
	
	
	

	
	China
	Xishuangbanna
	LF
	Zhang et al. (2007)
	770
	6 species of 5 families
(Anacardiaceae, Fagaceae, Symplocaceae)

	
	
	
	FL
	Mohandass et al. (2018)
	730
	76 species of 40 families
(Lauraceae, Rubiaceae, Euphorbiaceae)

	
	
	
	
	Zhang et al. (2007)
	770
	6 species of 5 families
(Anacardiaceae, Fagaceae, Symplocaceae)

	
	
	
	FR
	Mohandass et al. (2018)
	730
	76 species of 40 families
(Lauraceae, Rubiaceae, Euphorbiaceae)

	
	
	
	
	Zhang et al. (2007)
	770
	6 species of 5 families
(Anacardiaceae, Fagaceae, Symplocaceae)

	Seasonal tropics
	Vietnam
	Bidoup-Nui Ba
	LF
	This study
	1460–1920
	91 species of 56 families
(Lauraceae, Fagaceae, Symplocaceae)

	
	
	
	FL
	
	
	

	
	
	
	FR
	
	
	

	
	Thailand
	Khao Yai
	LF
	Cheablam et al. (2004)
	800
	24 species of 20 families
(Rubiaceae, Euphorbiaceae, Lauraceae)

	
	
	
	FL
	Kitamura et al., unpublished. (Appendix S4)
	600–800
	211 species of 59 families
(Rubiacesae, Euphorbiaceae, Moraceae)

	
	
	
	FR
	
	
	

	Tropics
	Malaysia
	Pasoh
	LF
	Intachat et al. (2001)
	ca. 380
	111 species of 30 families including Dipterocarpaceae
(Undescribed

	
	
	
	FL
	Intachat et al. (2001)
	ca. 380
	111 species of 30 families including Dipterocarpaceae
(Undescribed)

	
	
	
	FR
	Intachat et al. (2001)
	ca. 380
	111 species of 30 families including Dipterocarpaceae
(Unknown)

	
	
	Lambir
	LF
	Ichie et al. (2004)
	150–250
	39 species of 21 families
(Dipterocarpaceae, Thymelaeaceae, Anacardiaceae)

	
	
	
	FL
	Ushio et al. (2020)
	150–250
	133 species of 38 families
(Dipterocarpaceae, Euphorbiaceae, Fabaceae)

	
	
	
	
	Sakai et al. (1999)
	150–250
	305 species of 56 families
(Dipterocarpaceae, Anacardiaceae, Burseraceae)

	
	
	
	FR
	Sakai et al. (1999)
	150–250
	305 species of 56 families
(Dipterocarpaceae, Anacardiaceae, Burseraceae)

	
	
	Mt. Kinabalu
	LF
	Nomura et al. (2003)
	1560
	108 species (the number of family undescribed)
(Myrtaceae, Fagaceae, others undescribed)

	
	
	
	FL
	Kimura et al. (2009)
	1600, 1800
	8 species of Medinilla (Melastomataceae)

	
	
	
	FR
	
	1600, 1800
	8 species of Medinilla (Melastomataceae)
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Table 3 Eigenvector scores of observed months in four main PCA axes, obtained from a matrix of seven months x 91 species. The three highest eigenvector scores for each PCA axis are indicated in bold.
	Months
	Leafing
	Flowering
	Fruiting

	
	PC1
	PC2
	PC3
	PC4
	PC1
	PC2
	PC3
	PC4
	PC1
	PC2
	PC3
	PC4

	
	(27.5%)
	(19.8%)
	(16.3%)
	(14.0%)
	(32.0%)
	(19.2%)
	(15.5%)
	(11.0%)
	(42.2%)
	(16.4%)
	(11.8%)
	(9.9%)

	Jan.
	0.137
	-0.611
	0.473
	-0.235
	0.316
	0.220
	-0.622
	0.324
	0.337
	-0.577
	0.272
	-0.216

	Apr.
	-
	-
	-
	-
	0.365
	0.550
	0.025
	-0.259
	0.380
	-0.401
	-0.486
	0.151

	Jun.
	0.228
	0.656
	0.062
	0.189
	0.320
	0.266
	0.530
	0.601
	0.359
	0.364
	0.116
	-0.747

	Jul.
	0.208
	-0.381
	-0.770
	0.325
	0.468
	0.256
	0.048
	-0.444
	0.400
	0.166
	0.348
	0.572

	Sept.
	0.618
	-0.106
	-0.038
	-0.087
	0.348
	-0.405
	0.449
	0.044
	0.383
	0.569
	-0.144
	0.199

	Oct.
	0.483
	-0.047
	0.389
	0.630
	0.420
	-0.477
	-0.061
	-0.360
	0.361
	-0.145
	0.514
	0.023

	Dec.
	0.521
	0.195
	-0.161
	-0.632
	0.386
	-0.348
	-0.351
	0.371
	0.420
	-0.037
	-0.519
	-0.070





Table 4 Species distribution of five families in the clusters (See Fig. 5–7).
	Phenology
	Group
	Fagaceae
(10 spp.)
	Symplocaceae
(10 spp.)
	Lauraceae
(9 spp.)
	Rosaceae
(8 spp.)
	Rubiaceae
(6 spp.)

	Leafing
	A (31 spp.)
	6
	5
	5
	2
	0

	
	B (24 spp.)
	2
	1
	2
	2
	2

	
	C (37 spp.)
	2
	4
	2
	4
	4

	Flowering
	A (28 spp.)
	1
	1
	3
	2
	2

	
	B (63 spp.)
	9
	9
	6
	6
	4

	Fruiting
	A (15 spp.)
	0
	4
	1
	0
	3

	
	B (76 spp.)
	10
	6
	8
	8
	3
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[image: ]
Figure 1 Localities of survey plots and the climate condition in Bidoup-Nui Ba National Park. Localities of Bidoup-Nui Ba National Park (a) and survey plots in the National Park (b). Annual changes of (c) monthly average temperature (ºC), (b) monthly precipitation (mm), and (e) daylength (h).



 [image: ]
Figure 2 The number of individuals of each family in the study plots.
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[image: ]
Figure 3 Proportion of leafing (a), flowering (b), and fruiting (c) species. The numbers on the bars represent the number of species observed in each stage. Gray-shaded months, February, March, May, August, and November, were not observed.




[image: ]
Figure 4 Results of clustering analysis for leafing patterns using UPGMA and K-means++ methods. Black squares show the presence of new leaves in the observed month: It shows January, April, June, July, September, October, and December, from left to right. Left coloring circles show the results of UPGMA clustering, and right coloring circles show the results of K-means++ clustering. The symbols next to species names show the main five families: Fagaceae (10 spp.; small filled circle ●), Symplocaceae (10 spp.; large open circle ○), Lauraceae (9 spp.; open rhombus ◇), Rosaceae (8 spp.; open triangle △), and Rubiaceae (8 spp.; double circle ◎). 

[image: ]
Figure 5 Results of clustering analysis for flowering patterns using UPGMA and K-means++ methods. Black squares show the presence of new flowers in the observed month: It shows January, April, June, July, September, October, and December, from left to right. Left coloring circles show the results of UPGMA clustering, and right coloring circles show the results of K-means++ clustering. The symbols next to species names show the main five families: Fagaceae (10 spp.; small filled circle ●), Symplocaceae (10 spp.; large open circle ○), Lauraceae (9 spp.; open rhombus ◇), Rosaceae (8 spp.; open triangle △), and Rubiaceae (8 spp.; double circle ◎). 


[image: ]
Figure 6 Results of clustering analysis for fruiting patterns using UPGMA and K-means++ methods. Black squares show the presence of new fruits in the observed month: It shows January, April, June, July, September, October, and December, from left to right. Left coloring circles show the results of UPGMA clustering, and right coloring circles show the results of K-means++ clustering. The symbols next to species names show the main five families: Fagaceae (10 spp.; small filled circle ●), Symplocaceae (10 spp.; large open circle ○), Lauraceae (9 spp.; open rhombus ◇), Rosaceae (8 spp.; open triangle △), and Rubiaceae (8 spp.; double circle ◎). 



[image: ]
Figure 7 Seasonal changes of summary statistics of six meteorological factors obtained by a principal component analysis (a, PC1; b, PC2), and the residual error between daylength of that month and precipitation of previous month (c). A positive and negative value of PC1 corresponds to the dry season and rainy season. Similarly, positive and negative values of PC2 correspond to seasons like ‘spring’ and ‘autumn’. 
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[image: ]
Figure 8 Clustering dendrograms of phenological patterns (a) and annual climate changes (b). (a) Nine locations clustered by leafing, flowering, and fruiting patterns. The right side is the dendrogram constructed with the phenological data of leafing, flowering, and fruiting among nine areas without data of February, March, May, August, and November. The left side is the dendrogram constructed with the complete twelve-month phenological data for eight areas without Bidoup-Nui Ba. (b) Nine forests clustered by annual changes in monthly averages of day length (h), temperature (ºC), and precipitation (mm).

[image: ]
Figure 9 A hypothetical diagram of phenological changes in the process of expanding the distribution of angiosperms. 
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