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Afternoon sea of cloud, eastern part of Taiwan (in 2005 when climbing mountains) 



Forest close to Yuan-Yang lake (fisheye picture of the canopy)
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Elevation and latitude distribution of zonal vegetation 
types in Taiwan

North

Lalashan
transect

plots of zonal vegetation from 
National Vegetation Database of 
Taiwan (AS-TW-001)

lower margins of the vegetation 
zones; hump shape likely caused by 
Massenerhebungeffect of Central 
Mountain Range

(vegetation types according to Li et al. 2013 Appl. Veg. Sci.)
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Distribution of families along elevation
(12 most dominant out of 40 in total)
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Study area: Climate diagram
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Prepared by Lin, Po-Yu (Ὥ▼ᴹ)

13



Sampling design per elevation zone
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At each zone:
Å ~ 10 plots (10 m Ĭ10 m)
Å three of them permanently marked and 

equipped with loggers measuring air 
temperature and humidity

-> 61 plots, 18 of them permanent with extra 
measurements
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Sampling design: species and environmental data
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At each plot:
Å species composition: numbers of individuals for all 

woody species > 2 m
Å environmental variables: elevation, topography, soil 

depth and soil chemistry (pH, Ptotal, Ca, Mg, Mn, K, Fe, 
Cu, Zn, Ctotal, Ntotal, C:N)

-> total 124 woody species (40 families, 2701 individuals)
-> average 14 species and 44 individuals/plot

(5-22 species/plot, 11-132 individuals/plot)
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Measured and calculated leaf and wood traits

Trait Range of values + units

Leaf area (LA) 443 to 9927 mm2

Leaf dry matter content (LDMC) 279 to 589 mg/g

Specific leaf area (SLA) 5.9 to 20.8 mm2/mg

Leaf thickness (Lth) 0.16 to 0.53 mm

Chlorophyll content (Chl) 41.8 to 71.0 SPAD units

Vein density (VD) 2.0 to 5.2 mm/mm2

Nitrogen stable isotopes ratio (ɻ15N) -пΦу ǘƻ лΦу ҉

Nitrogen content per leaf mass (Nmass) 0.82 to 2.98 %

Carbon content per leaf mass (Cmass) 35.6 to 47.5 %

Leaf water repellency of adaxialsurface (LWRad) 60 to 95°

Leaf water repellency of abaxialsurface (LWRab) 50 to 137°

Wood density (WD) 0.39 to 0.75 mg/mm3
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Leaf water repellency(LWRad, LWRab)

from Aryal& Neuner (2010)

Examples of droplets on leaves of three different species (Taiwan)
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Ecological meaning of elevation
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Microclimatic measurement by Lin, Tsung-Yi ( )
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Ecological meaning of elevation
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Materials and Methods

Data:

- only evergreen broadleaf woody species (no conifers and deciduous species) 
-> 89 species / 2303 individuals

- 12 traits measured on at least 3 individuals per species (3 leaves per individual for 
leaf traits)

- 11 environmental variables (elevation, topography, soil depth and soil chemistry)

Analysis (relating traits to environment):

- fourth-corner approach (Legendre et al. 1997 Ecology), calculated as weighted 
regression on weighted-standardized traits and weighted-standardized 
environmental variables and tested by parametric max test (ter Braaket al. 2018 
Journal of Vegetation Science)

- RLQ ordination analysis (Dolédec et al. 1996 Env. Ecol. Stat)
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Traits vs environment: Fourth-corner analysis
(Legendre et al. 1997 Ecology, Dray & Legendre 2008 Ecology)

com sp_1 sp_2 sp_3 sp_4 sp_5 env

si_1 3 15 5 0 0 1

si_2 0 4 20 6 0 2

si_3 0 0 10 40 1 3

si_4 0 0 1 15 30 4

trait 10 20 30 40 50
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envinfl traitsinfl cominfl

1 10 3

1 20 15

2 20 4

1 30 5

2 30 20

3 30 10

4 30 1

2 40 6

3 40 40

4 40 15

3 50 1

4 50 30

Statistic: r4 = correlation 
between  envinfl and 
traitsinfl weighted by 
cominfl

Test: max test, 
permuting rows and 
columns of the com and 
choosing max (Prow, Pcol)

inflate
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Traits vs environment: CWM regression
(e.g. Garnieret al. 2004 Ecology)

com sp_1 sp_2 sp_3 sp_4 sp_5 env

si_1 3 15 5 0 0 1

si_2 0 4 20 6 0 2

si_3 0 0 10 40 1 3

si_4 0 0 1 15 30 4

trait 10 20 30 40 50
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CWMtraits env

20.87 1

30.67 2

38.24 3

46.30 4

calculate 
CWM

Statistic: r2 of CWM ~ env
regression

Test: combination of row and col 
permutation test into max test to 
avoid inflated Type I error rate
(Peres-Neto et al. 2017 Ecography, 
Zelený 2018 JVS)
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Traits vs environment: CWM + SNC weighted regression 
(ter Braaket al. 2018)
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com sp_1 sp_2 sp_3 sp_4 sp_5 env envw weightsrow

si_1 3 15 5 0 0 1 -1.73 23

si_2 0 4 20 6 0 2 -0.77 30

si_3 0 0 10 40 1 3 0.19 51

si_4 0 0 1 15 30 4 1.15 46

trait 10 20 30 40 50

traitw -2.63 -1.64 -0.65 0.34 1.33

weightscol 3 19 36 61 31

CWMw envw weightsrow

-1.55 -1.73 23

-0.58 -0.77 30

0.17 0.19 51

0.96 1.15 46

calculate 
CWM

Statistic: slope of 
regression CWM ~ 
envregression
Test: parametric F-
test

SNCw traitw weightscol

-1.73 -2.63 3

-1.53 -1.64 19

-0.58 -0.65 36

0.33 0.34 61

1.12 1.33 31

calculate 
SNC

Statistic: slope 
of regression 
SNC ~ traits 
regression
Test: 
parametric F-
test

Pmax= max (PSNC, PCWM)

b = r4
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Weighted CWM/SNC regression aka fourth-corner
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fourth-corner with 
permutation max test

weighted CWM and SNC regressions with 
parametricmax test
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Results: Fourth-corner approach (36 × P < 0.05)
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Results: CWM regression (22 × P < 0.05)
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Results: Weighted CWM/SNC regression (51 × P < 0.05)
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Results: Weighted CWM/SNC regression (24 × Padj < 0.05)
after FDR adjustment for multiple testing
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