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Figure S1 Map of the location of (a) Ghana within the African continent (b) and the study sites

and forest types in Ghana 1. (c) showed study sites over a map of maximum climate water

deficit (MCWD) 2.



Table S1 Summary information of plot characteristics

Wet >>>>5555>555555>5555>5555>5>>>>>>>>> Dry
Plot ANK-01 ANKO3 BOB-01 | BOB-02 | KOGO02 KOG-04 | KOGO5
Lat 5.27 5.27 6.7 6.69 7.26 7.3 7.3
Long -2.69 -2.69 -1.32 -1.34 -1.15 -1.18 -1.16
Elev (m) 114 86 277 281 229 230 221
(mol

PPFD /m2/day) 30.97 30.97 35.58 35.58 44.26 4426 | 44.26
MAP (mm) 2050 2050 1500 1500 1200 1200 1200
VPD (kPa) 0.284 0.284 0.534 0.534 0.722 0.722 | 0.722
MAT (°C) 25 25 25.7 25.7 26.4 26.4 26.4
MCWD (mm/yr) -13 -13 -374 -374 -412 -412 -412
Vegetation type LR SLR SemR SemR SSF STF WS

BA (m2/ha) 28 25.8 22.9 31.1 17.5 13.5 12.4
Ind (#/ha) 59 31 27 41 36 33 22
Trees (#/ha) 477 414 745 486 157 190 145
Sp/Gen/Fam 35/29/22 | 13/13/9 16/13/8 | 14/13/8 | 15/14/10 | 11/11/7 | 7/6/5
P (mg/kg) 146.8 109.7 77.8 258.3 67.2 74.6 81.9
N (%) 0.17 0.12 0.09 0.16 0.06 0.05 0.04
C (%) 2.61 1.91 0.8 1.71 0.72 0.67 0.62
Ca (mg/kg) 26.8 40 306.3 657.6 378.9 308 | 237.1
K (mg/kg) 32.3 33.7 47.6 49 42.5 35.6 28.7
Mg (mg/kg) 42 29.2 79.7 133.7 75.6 78.7 81.3
Sand (%) 63.1 75.9 64.2 46.7 82.4 79.7 76.9
Clay (%) 21.6 12.8 6.7 28.8 2.3 33 4.3

Note 1: Plot coordinates (Latitude[Lat]/Longitude[Long]) are provided in degrees. Elev, elevation; MAP,
mean annual precipitation; VPD, mean annual vapour pressure deficit; PPFD, photosynthetic photon flux
density, calculated from shortwave radiation *0.5; MAT, mean annual temperature; MCWD, Maximum
Cumulative Water Deficit; Vegetation type (LR, lowland rainforest; SLR, semi-flooded lowland rainforest;
SemR, semi-deciduous rainforest; SSF, seasonal semi-deciduous forest; STF, seasonal transitional
rainforest; WS, woodland savanna); BA, total basal area in a plot; Ind, number of tree individuals sampled;
Trees, total number of trees larger than 10cm diameter at breast height; Soil nutrients (P, phosphorus; N,
nitrogen; C, carbon; Ca, calcium; Mg, magnesium), and soil percentage of sand (Sand) and of clay (Clay).
Data from 3*

Note 2: the swampy rainforest (ANKO3) is partly inundated during the wet season but not ANKO1, which is
located on a hill and never inundated. From KOGO2 (dry forest), KOG04 to KOGO5 (savanna), forest plots
become more deciduous with a smaller number of trees.
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Figure S2 Community weighted mean (with standard error) of variables associated with leaf
economy from wet to dry plots (left to right). Plots were ordered from left to right according
to vapour pressure deficit (VPD). The number denotes the number of samples, which could be
a leaf, a branch or a tree etc. The letters denote significance (P<0.05) in plot-to-plot difference.
Data reported in this study are slightly different to the these two studies about the same site
4> because there are more sampling in this study. Samples were taken each month from
October 2014 to September 2016. Data here are provided for completeness and for future
researchers ‘convenience. The figure show (a) leaf mass per area (g m?) (b) leaf nitrogen
content per leaf area (g m?) (c) leaf nitrogen content per leaf mass (g kg™) (d) leaf phosphorus
content per leaf mass (g kg) and (e) leaf phosphorus content per leaf area (g m2). Although
data distributions are not shown in these panels, they are presented in Figure S20.
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Figure S3 Principal components analysis for As/A., ci/ca, Asat400 and Kp. Similar to Figure 5

but replacing Vcmax25 with Asat400.



Plot Species

Residual = [d]

[a] Variance incurred by changing plot for the same species
[b] Variance incurred by changing plot and changing species
[c] Variance incurred by changing Species but not plot (inter-specific variance in a plot)

[d] Variance incurred by anything else but not changing plot and not changing species. It includes intra-specific
variation (e.g., changing measurement leaves) and measurement error because for most of the traits, [d] exist only
when multiple measurements were collected for one species. If the changing species induced variance [c] is larger
than [d], it is safe to conclude that the variation of trait (overall in Ghana) is dominated by changing species,

instead of intra-specific variation
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Figure 54 Variance partitioning into plot and species. Please see table 1 for definition of
traits. Meanings of each number in the circles are explained in the top panel. Note that
Vemax, LMA Narea and Parea from the same plots were published in ®, and Asatao0 Asat2000
LMA, Nmass and Pmass from the same plots were published in Oliveras et al*. Values are not
mathematically identical due to (1) different methods of variance partitioning and (2) one
more year sampling than the previous publications



Table S2 General Additive Models fitted for each trait, including twig density (g cm3), wood
density (g cm3), potential specific hydraulic conductivity (Kp, kg m?* Mpa? s), Rubisco
carboxylation capacity at 25 C° (Vemaxzs, umol CO2 m? s), electron transport capacity at 25 C°
(Jmaxzs, umol CO; m? st), turgor loss point (TLP, MPa), Sapwood to leaf area ratio (Huber
value) (AS/AL, cm2 m™), light saturated assimilation rate at 2000 ppm Asat2000 (umol CO2
m2 s1), light saturated assimilation rate at 400 ppm Asat400 (umol CO2 m~? s?), leaf dark
respiration (Rd, umol CO2 m> s), the ratio between leaf-internal and ambient CO2 (ci/ca,
unitless), plant stature, calculated as maximum tree height of a species in the study plot (Hmax,
m), vessel density (mm=), and vessel lumen diameter (um).Vemax2s, Jmax2s, and TLP are shown
with SITE only because these traits are not studied at plot sclae.

Explanatory Deviance
Trait variables Estimate Ref.df F p-value Rsquare explained edf
i s(SITE) 0.57 2 63.223 0.00 0.039 0.041 1.773
Density s(PLOT) 0.57 6 0.486 0.11 0.039 0.041 0.645
s(SITE,PLOT) 0.57 6 2.160 0.05 0.039 0.041 1.559
Wood S(SITE) 0.59 2 2060.470 0.18 0.167 0.170 1.045
Density s(PLOT) 0.59 6 2.262 0.60 0.167 0.170 0.144
s(SITE,PLOT) 0.59 6 588.129 0.20 0.167 0.170 4.713
i s(SITE) 53.16 2 5.807 0.00 0.046 0.054 1.607
.. s(PLOT) 53.16 6 0.045 0.30 0.046 0.054 0.213
conductivity
s(SITE,PLOT) 53.16 6 0.047 0.30 0.046 0.054 0.220
Vemax25 s(SITE) 29.06 2 5.282 0.00 0.066 0.076 1.682
Jmax25 s(SITE) 54.88 2 7.156 0.00 0.087 0.098 1.755
Turgor s(SITE) 0.17 2 5.709 0.00 0.044 0.051 1.726
s(SITE) 6.89 2 15.935 0.00 0.089 0.098 1.815
AS/AL s(PLOT) 6.89 6 0.074 0.44 0.089 0.098 0.392
s(SITE,PLOT) 6.89 6 0.102 0.43 0.089 0.098 0.517
S(SITE) 19.49 2 37.549 0.07 0.136 0.140 0.311
Asat2000 s(PLOT) 19.49 6 <0.01 0.15 0.136 0.140 0.000
s(SITE,PLOT) 19.49 6 105.153 0.00 0.136 0.140 5.106
S(SITE 6.66 2 390.344 0.02 0.078 0.082 1.486
Asat400 s(PLOT) 6.66 6 3.453 0.46 0.078 0.082 0.732
s(SITE,PLOT) 6.66 6 36.482 0.23 0.078 0.082 2.949
Dark S(SITE) 1.89 2 3083.951 0.02 0.148 0.151 1.643
Respiration s(PLOT) 1.89 6 3.899 0.36 0.148 0.151 0.228
s(SITE,PLOT) 1.89 6 615.870 0.04 0.148 0.151 3.782
s(SITE) 0.79 2 75.174 0.00 0.387 0.393 1.969
ci/ca s(PLOT) 0.79 6 <0.01 0.50 0.387 0.393 0.000
s(SITE,PLOT) 0.79 6 <0.01 0.50 0.387 0.393 0.000
Vessel s(SITE) 81.08 2 <0.01 0.83 0.016 0.024 0.000
Diameter s(PLOT) 81.08 6 0.140 0.24 0.016 0.024 0.564
s(SITE,PLOT) 81.08 6 0.442 0.13 0.016 0.024 1.427
Vessel S(SITE) 50.18 2 1.743 0.07 0.014 0.019 1.272
oty s(PLOT) 50.18 7 <0.01 0.75 0.014 0.019 0.000
s(SITE,PLOT) 50.18 7 <0.01 0.75 0.014 0.019 0.000

Models Explanation: For each trait, a formula is fitted as trait ~ s(SITE, bs = "re") + s(PLOT, bs = "re") +
S(SITE, PLOT, bs = "re"). The table shows estimated degree of freedom (edf), reference degree of freedom
(Red.df), F statistic, p-value, components of the variance explained, name of the trait, Adjusted R square
and Deviance explained by the whole model. Although p-value is given, readers are suggested to focus on
F value. A relatively large F value at s(SITE) signals most variance owned by site-to-site variation. A
relatively large F value at s(PLOT) signals most variance owned by plot-to-plot variation. A relatively large
F value at s(SITE, PLOT) signals that after acknowledging for site-by-site variation, there is a large plot-to-
plot variation within each site. s(PLOT) appears insignificant for all traits because the variance is taken
away by s(SITE) and s(SITE, PLOT). If we fit trait ~ s(PLOT, bs = "re"), without SITE, the s(PLOT) would
become significant, which has been told by ANOVA in the main text.
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Figure S5 Site scale community weighted mean of measured traits (with standard error) for (a)
light saturated assimilation rate at 2000 ppm Asat2000 (umol CO2 m? s?), (b) leaf dark
respiration (Rd, umol CO; m? s). The figure shows study plots from the wettest (left) to the
driest (right) plot. Forest plots are arrayed from left to right in order of VPD. The number
denotes the number of samples, which could be a leaf, a branch, a tree or a species depending
on the variable. The letters denote significance (ANOVA, P<0.05) in site-to-site difference. This
figure is equivalent to Figure 3 but on the site scale. Asat2000and Rd are shown on the site scale
because the nested factor of these two traits appear significant in General additive models
(Table S2). (c) and (d) display the data distributions behind (a) and (b).

Supplementary note 1

Supplementary note 1 provides a detailed report about hypothesis 14.

We hypothesized that the product of Kp (specific xylem hydraulic conductivity) and As/AL
(sapwood to leaf area) vary less than Kp or As/AL themselves, and there is a trade-off (negative
correlation) between Kp and AS/AL (Supplementary Method). As the trade-off between Ks
(well associated with Kp ) and As/AL has been observed on a global scale , here we also plot
Kp versus As/AL for readers’ convenience in comparison with measurements from Ghana VPD

gradient. We estimated Kp for species reported in © by collecting vessel lumen diameter and



vessel density from XFT database 7, with the same calculation method as Kp of Ghana VPD

gradient.

For Ghana, both hypotheses were rejected, as we see a positive correlation between Kp and
As/AL (slope = 0.95, R-squared : 0.0598, P-value : 0.0224) and the coefficient of variance is
found largest for Kp * As/AL.

For a global dataset 9, there is a negative correlation between Kp and As/AL (slope =-0.638, R-
squared: 0.153, P-value : <0.001) which agreed with the hypothesis but the coefficient of
variance of Kp * As/AL is still larger than that of either Kp or As/AL.

Therefore, hypothesis 14 in Table 1 is rejected in this study. The negative correlation between
Kr and As/AL emerge on global scale probably because of confounding effect with other
environmental variables. The different patterns emerged at different scale could also result
from a Simpson’s paradox. For example, the drier sites (KOG) have higher Kp , higher twig
density and higher wood density than the wetter sites on site scale (Figure 4), but we also found

Kpr negatively correlated with twig density on species scale (Figure S3)
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Figure S6 The correlation between sapwood to leaf area (AS/AL) and potential sapwood
hydraulic conductivity (Kp) for Ghana VPD gradient (ANK, BOB and KOG all together) and

species included in 6. The figure was drawn on species scale (one scatter point is one species).
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Figure S7 The correlation between twig density (g/cm3) and potential sapwood hydraulic
conductivity (Kp) for site ANK, BOB and KOG. The figure was drawn on species scale (one

scatter point is one species).
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Field photos

Figure S9 Field photo of study plot ANKQ3. There is a stream running through ANK03
which largely floods the plot in the wet season. Ankasa - ANKO3. Photo Credit:
Huanyuan Zhang-Zheng taken in January 2022. This image has been reproduced from a
previous publication?.



Figure S10 Field photo of study plot ANKO1 or ANKO2 (we could not tell which one it
belongs to). They are located on well-drained local hilltops. The Flux Tower GH-Ank is
situated next to ANKO1 and ANKO2. These two plots are very similar to each other.
Photo Credit: Huanyuan Zhang-Zheng taken in January 2022. This image has been
reproduced from a previous publication®.

Figure S11 Study plot BOBO1. Photo Credit: Huanyuan Zhang-Zheng taken in January
2022. This image has been reproduced from a previous publication®.



Figure S12 Study plot BOB01. Photo Credit: Huanyuan Zhang-Zheng taken in January
2022. This image has been reproduced from a previous publication?.

Figure S13 Study plot BOB02. Study plots BOB01 and BOB02 are about 1km apart, both
belong to Bobiri forest reserve. Photo Credit: Huanyuan Zhang-Zheng taken in January
2022. This image has been reproduced from a previous publication®.



Figure S14 Study plot KOGO02. This plot is recognized as dry forests because it has little
grass beneath the canopy. The canopy retains leaves all year round. Photo Credit: taken
by Huanyuan Zhang-Zheng in January 2022. This image has been reproduced from a
previous publication®.



Figure S15 Outside study plot KOGO04. This is at the forest-savanna transition. It looks
pretty dense from outside. However, inside the plot, there are patches of grass. Photo
Credit: taken by Huanyuan Zhang-Zheng in January 2022. This image has been
reproduced from a previous publication®.

Figure S16 Study plot KOGO04. This plot rarely burns (as told by locals), but it looks like
this when it does burn. Photo Credit: the photo was shared by Akwasi Duah-Gyamfi. The
photo was taken on 03 February 2014. This image has been reproduced from a previous
publication®.



Figure S17 Study plot KOGO05. This plot frequently burns. Photo Credit: the photo was
shared by Akwasi Duah-Gyamfi. The photo was taken on 06 February 2014. This image
has been reproduced from a previous publicationé®.
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Figure S18 Same as Figure 3 but display the data distribution. The figure shows (a) light
saturated assimilation rate at 2000 ppm Asar2000 (umol CO2 m™ s™), (b) light saturated
assimilation rate at 400 ppm Asauoo (umol CO2 m? s™!), (c) the ratio between leaf-internal and
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transport capacity at 25 C° (Jmax2s, umol CO2 m™ s') and (f) Rubisco carboxylation capacity

at 25 C° (Vemaxzs, umol CO2 m2 s7).
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Figure S19 Sane as Figure 4 but display the data distribution. 7he figure shows (a) Sapwood
to leaf area ratio (Huber value) (As/AL, cm? m?) (b) potential specific hydraulic conductivity
(Kp, kg m™! Mpa! s7) (c) vessel density (mm™?) (d) vessel lumen diameter (um) (e) twig
density (g cm™) (f) wood density (g cm™) (g) turgor loss point (TLP, MPa) (h) plant stature,
calculated as maximum tree height of a species in the study plot (Hmax, m). Statistics are not
applied for Hmax because every tree (>10cm DBH) in the plot is measured.
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Figure S20 Sane as Figure S2 but display the data distribution. The figure show (a) leaf mass
per area (g m) (b) leaf nitrogen content per leaf area (g m) (c) leaf nitrogen content per leaf



mass (g kg'!) (d) leaf phosphorus content per leaf mass (g kg™) and (e) leaf phosphorus
content per leaf area (g m~)
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