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Appendix S1  
 
Testing the assumption that gbark samples were at water vapor saturation 
 
For measurements of vapor conductance, the driving force of evaporation (D) is conventionally 
calculated as the mole fraction difference of water vapor within the plant tissue and the turbulent 
air surrounding it. D was calculated as 
 
D = Nw_stem - Nw_air         (Equation S1) 
 
Where Nw_stem and Nw_air are the mole fractions of water vapor in the stem segment and the air, 
respectively (unitless). Both Nw_stem and Nw_air were calculated following the Buck equation [1]: 
 
 Nw = (RH / 100) × (0.6135 × exp(17.502 × T / (240.97 + T))) / 101.3 (Equation S2) 
 
Where RH is relative humidity (%), T is the temperature (°C), and 101.3 is the atmospheric 
pressure in the laboratory (kPa). RH of the laboratory air was measured (see Methods). RH 
within the stem segment was assumed to be at saturation (i.e., 100%), following conventional 
protocol for the ‘mass loss’ measurement of water vapor conductance in both leaves [2] and 
stems  [3–5]. 
 
RH of the air within plant stems can be calculated with the following equation [6]:  
 
RH = 100 × exp(Ψwv / (RT / Vw))      (Equation S3) 
 
Where Ψwv is the water potential of the stem internal water vapor (MPa), R is the gas constant 
(MPa mol-1 K-1), T is the stem temperature (K), and Vw is the partial molal volume of water (mol-

1). At 25°C, (RT / Vw) is equal to 137.3 MPa [6]. Since Ψwv is in equilibrium with stem water 
potential (Ψstem), Ψwv can be measured with Ψstem.  

 
Among the plant populations measured for stem water deficit in this study, Ψstem reached -4.0 
MPa in the forest sites [7] and -6.6 MPa in the shadehouse drought experiment [8]. These Ψstem 
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values were associated with stem water deficits of 22% and 45% in the forest sites and 
shadehouse, respectively (Fig. 1), where stem water deficit is the difference in stem relative 
water content (RWC, %) between well-watered and drought conditions, and 
 
RWC = 100 × (fresh mass – dry mass) / (saturated mass – dry mass) (Equation S4) 
 
Using Equation S3 and Ψstem of -6.6 MPa, the minimum RH within living stems was 95.5%, 
associated with stem water deficit of 45%.  
 
To test whether the stem segments measured for gbark had RH within their stems that was 
negligibly different from 100%, I calculated their stem water deficit and compared the values to 
the those from the forest sites and shadehouse samples, where Ψstem and RH were known.  
 
Because dry mass was not measured on all of the gbark samples, I calculated dry mass with 
density values for each population [7,8] multiplied by segment volume. Likewise, the gbark 
samples were not measured for saturated mass (which requires submerging the samples in 
distilled water for 24-48 hours [7,8]), so I calculated saturated mass following Simpson [9] 
(Equation S5). In a previous study, calculated saturated mass closely matched measured 
saturated mass [7]. 
 
Saturated mass = stem segment volume × (stem density + (1 – stem density / 1.54))  
          (Equation S5) 
 
At the end of the dry down periods included in analyses, the water deficit of gbark samples ranged 
among samples from 0.03% to 36.3% (mean ± SD = 4.5 ± 5.7%; Fig. S2). The stem water deficit 
of gbark samples varied among species in accordance with their water storage capacity (Fig. S2)  
[7,8]. Since, in all cases, the stem water deficits of gbark samples were lower than stem water 
deficit of living plants of the same species, which had RH > 95.5%, it is useful to test what 
would be the effect of stem sample RH = 95.5% on the calculation of gbark. Using Equations S1 
and S2 and setting air RH and T to 50% and 25°C, respectively, if stem RH is set to 95.5% vs 
100%, D equals 0.0143 vs 0.0157, or 9% lower. Since gbark is calculated as water loss rate 
divided by D, this would translate to a 10% increase in gbark. Given that the stem water deficit in 
the gbark samples was much higher than in stems with RH at 95.5%, these results confirm that the 
assumption that gbark samples were at water vapor saturation had a negligible effect (<<10%) on 
gbark values. Therefore, I used stem RH of 100% for all gbark samples. This assumption facilitates 
comparisons with previously published gbark and leaf vapor conductance values, which, to my 
knowledge, have all used the same assumption. 
 
Testing the assumption that gbark samples were at equilibrium with air temperature 
 
The temperature of gbark samples affects Nw_stem (Equation S2) and thus D (Equation S1) and the 
calculation of gbark. It is generally assumed that sample temperature is in equilibrium with the 
turbulent air temperature when the ‘mass-loss’ method is used to measure vapor conductance of 
leaves and bark [2–5]. I followed this convention. Although temperature equilibrium between 
organisms and surrounding turbulent air is rarely achieved, when heat fluxes are minimal, the 
temperature of poikilotherms (such as stem segments in a lab) will approach air temperature 
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[10]. The following equation from Campbell and Norman [10] (Campbell and Norman’s 
Equation 14.6) can be used to illustrate this for the gbark samples.  
 

T!"#$%& = T"'( +	
)∗
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− 5
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'     (Equation S6) 

 
Tsample is the of temperature of the gbark sample (°C). Tair is the temperature of turbulent air 
surrounding the sample (°C), which was on average 25°C.  γ* is the apparent psychrometer 
constant (°C-1), where 
 
𝛾∗ = 	𝛾 )3*(

3,
*         (Equation S7) 

 
and γ is the thermodynamic psychrometer constant (6.66 × 10-4 °C-1). gHr is the sum of boundary 
layer conductance for heat and radiative conductances (mol m-2 s-1) and gv is vapor conductance 
(mol m-2 s-1). gHr is calculated as  
 
gHr = gHa + gr         (Equation S8) 
 
where gHa is the boundary layer conductance for heat (mol m-2 s-1) and gr is the radiative 
conductance (mol m-2 s-1), which, at 25°C is equal to 0.205 mol m-2 s-1 [10]. gHa is calculated, 
following [10], as 
 

𝑔8" = 	0.13519
:
        (Equation S9) 

 
Where u is wind speed (m s-1), which was set at 2 m s-1, consistent with the wind speed produced 
by the fan that was directed towards the samples as they dried. d is the diameter of the stem 
sample (m), which was set at the mean of all the stem segments measured for gbark, 0.01 m. gv 
includes terms for vapor conductance of the sample, gbark (here in mol m-2 s-1 rather than in mmol 
m-2 s-1 as reported in the main text so that units are consistent within the calculation), and the 
boundary layer of vapor conductance, gva (mol m-2 s-1), are summed as follows, since the inverse 
of conductances, i.e., resistances, are additive in series. 
 
𝑔; =	

3-&(.3,&
3-&(.,	3,&	

        (Equation S10) 
 
gbark was set at the mean value among all measurements in the study (0.006 mol m-2 s-1). gva was 
calculated following [10] as 
 

𝑔;" = 	0.14719
:
        (Equation S11) 

 
In Equation S6, s is calculated as 
 
s = =

6&
          (Equation S12) 
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where Δ is the slope of the saturation vapor pressure function, which is temperature dependent, 
and was set at 0.189 kPa °C-1 [10]. Pa is the atmospheric pressure and was set at 101.3 kPa.  
 
In Equation S6, the terms Rabs (absorbed short- and longwave radiation, Watts m-2), εs (surface 
emissivity, unitless), and 𝜎T"'(> (blackbody emittance, Watts m-2) describe the balance of 
incoming and outgoing short- and longwave radiation that determine net radiation flux. Since the 
samples were equilibrated with air temperature before measurements and since they received no 
direct solar radiation and minimal indirect solar radiation from windows in the laboratory, these 
terms (i.e., net radiation flux) were set to 4 Watts m-2. This is consistent with the output of 
laboratory fluorescent lighting. Cp is the specific heat of air (29.3 J mol-1 °C-1). D is the vapor 
pressure deficit (kPa), which was set at the mean during measurements (1.71 kPa).  
 
When the values shown above were input to Equation S6, Tsample was equal to 24.99°C. For an 
extreme example, to assess the maximum effect of evaporative cooling, net radiative flux was set 
to zero, gbark was set to the highest measured value (0.029 mol m-2 s-1), and D was set to the 
highest value in the lab during measurements (2.17 kPa), and all other parameters described 
above were unchanged. In this case, Tsample was equal to 24.57°C.  
 
From Equations S1 and S2, when air RH is 50% and air T is 25°C and sample T is assumed to 
equal air T, D equals 0.0156. If air RH and T are maintained at 50% and 25°C, and sample T is 
set at 24.57°C, then D equals 0.0149, which is 5% lower than the case at temperature 
equilibrium. Since gbark was calculated as the water loss rate divided by D, this would translate 
into a 5% higher value of gbark. Given that the samples had gbark and D typically lower than this 
extreme example, the assumption of temperature equilibrium had a negligible effect (<<5%) on 
gbark values. 
 
 
Figure S1. (next 17 pages) Timeseries of measurements for each of the gbark samples included in 
the study. Each panel is labeled with a sample code formed as site of collection, underscore, 
species code, underscore, plant number, underscore, sample number. Filled and open black 
circles represent measurements of sample mass that were included and excluded, respectively, 
from the linear ordinary least squares regression that was used to calculate the drying rate (black 
line). Gray circles represent measurements of vapor deficit (D). The values of R2, D, and gbark 
indicate the coefficient of determination the drying-rate regression, the mean D across the 
timepoints included in the drying-rate regression (mole fraction difference), and the bark vapor 
conductance (mmol m-2 s-1), respectively. Dist, Diam, and BT indicate the distance from the stem 
apex where the sample was taken (cm), diameter of the sample (mm), and bark thickness of the 
sample (mm), respectively. NA indicates missing data (N = 5 for apex distance and 40 for bark 
thickness). Forest sites are labeled as Coronado for the Eugene Eisenmann Reserve (‘dry forest’ 
in Table 1) and PNM for the Parque Natural Metropolitano (‘transitional forest’ in Table 1). 
Species codes are Astronium graveolens, AST2GR; Bursera simaruba, BURSSI; Genipa 
Americana, GENIAM; Cojoba rufescens, PIT2RU; Annona hayesii, ANNOHA; Cavanillesia 
platanifolia, CAVAPL; Cedrela odorata, CEDROD; and Hymenea courbaril, HYMECO. 
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Figure S2. Histogram of maximum stem water deficit in the gbark samples for each population 
included in the study. Populations are labeled as site, underscore, species code. Site and species 
codes are as in Figure S1.  

 
 
 
 
Figure S3. Bark water vapor conductance (gbark) as a function of (a) distance from the stem apex, 
(b) stem diameter, and (c) bark thickness. Each symbol represents an individual sample. Symbols 
represent species-site combinations as in Figure 1. Here, red symbols represent samples that 
were collected in the shadehouse and black symbols represent samples that were collected in the 
forests. The lines represent fits from linear mixed models with the trait on the x axis as a fixed 
effect and plant, population, and species as nested random effects. gbark was log transformed for 
analyses. Note that the y axis is on a log scale.  
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Figure S4. Bark water vapor conductance (gbark) as a function of (a) air temperature and (b) 
vapor pressure deficit during measurements. Symbols are drawn as in Figure S2. 
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Figure S5. Stem water deficit in relation to plant height (a,b) and basal diameter (c,d) for 
saplings in during a dry season in two Panamanian forests (‘Forest’) and potted saplings in a 
shadehouse drought treatment (‘Shadehouse’). Symbols are drawn as in Fig. 1. R and P values 
are for standardized major axis regression on all species (black) and on the deciduous species 
(red). 
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