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Tree mortality is an important process determining forest dynamics. However, in species-rich tropical forests it is largely
unknown, how species differ in their response of mortality to resource availability and individual condition. We use a
hierarchical Bayesian approach to quantify the impact of light availability, tree size and past growth on mortality of 284
woody species in a 50-ha long-term forest census plot in Barro Colorado Island, Panama. Light reaching each individual
tree was estimated from yearly vertical censuses of vegetation density. Across the community, 78% of the species showed
increasing mortality with increasing light. Considering species individually, just 29 species showed a significant response to
light, all with increasing mortality at high light. Past growth had a significant impact on all but three species, with higher
growth leading to lower mortality. For the majority of species, mortality decreased sharply with diameter in saplings, then
levelled off or increased slightly towards the maximum diameter of the species. Diameter had the biggest impact on mortal-
ity, followed by past growth and finally light availability. Our results challenge many previous reports of higher mortality
in shade, and we suggest that it is crucial to control for size effects when assessing the impact of environmental conditions

on mortality.

Empirical knowledge on demographic rates across tropical
tree species is required to predict likely changes of tropical
forest dynamics under changing environmental conditions or
disturbance regimes (Phillips et al. 2004, Purves and Pacala
2008). Tree mortality is an important component of demo-
graphic variation among tropical tree species. Species differ
in their average mortality rates as well as in the response of
mortality to resource availability (e.g. light, soil moisture)
or individual condition (e.g. size, vigour) reflecting differ-
ent life-history strategies. However, estimating mortality
rates across diverse tropical tree communities is challenging
because many species occur at low densities (Pitman et al.
1999, Condit et al. 2006, Chao et al. 2008) and assessing
the effects of resource availability on mortality is even more
demanding as it requires measurements of resource availabil-
ity for many individuals (Lieberman et al. 1989).

Light is an important limiting resource in moist tropi-
cal forests (Poorter and Kitajima 2007) and horizontal and
vertical light gradients represent a relevant source of envi-
ronmental heterogeneity (Brokaw 1985, Denslow 1987).
Research on the impact of light availability on mortality
rates of tropical tree species has yielded inconclusive results.
In a community-level study, no effect of light on mortal-
ity of seedlings was detected (Turner 1990). At the species
level, several studies report mortality of seedlings to be lower

at higher light levels (Augspurger 1984, Kobe 1999, de Souza
and Vilio 2001, Montgomery and Chazdon 2002, Iriarte and
Chazdon 2005, Aiba and Nakashizuka 2007, de Gouvenain
et al. 2007). The only study also including adult trees, found
lower mortality at higher crown exposure to light for four out of
11 Macaranga species in Borneo, while crown exposure did not
have a significant effect on the remaining species (Davies 2001).

In contrast, Welden et al. (1991) found no statistical dif-
ference between sapling (1-4 cm diameter at breast height;
dbh) mortality in gap versus non-gap sites for the majority
(83%) of 148 woody species at Barro Colorado Island (BCI),
Panama. Six and 19 species had significantly lower and higher
mortality in gaps, respectively. However, when species were
pooled into adult-stature categories (i.e. shrubs, understory
treelets, midstory trees, canopy trees), mortality was consis-
tently higher at high light. Likewise, mortality of tree, under-
story and liana seedlings was higher in large gaps compared to
small gaps or closed forest (Dupuy and Chazdon 20006).

The importance of tree size for mortality is widely recog-
nized (Turner 1990, Davies 2001, Aiba and Nakashizuka 2007,
de Gouvenain et al. 2007). Therefore, it is crucial to control for
tree size when environmental effects on mortality are evaluated.
However, there are only few studies that simultaneously assess
the light and size dependence of mortality at the species level for
juvenile and adult life stages (Davies 2001, Metcalf et al. 2009).
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Apart from light availability and tree size, tree vigour reflected
by past growth may also be an informative predictor of mor-
tality with slow-growing trees generally being at higher risk of
mortality (Swaine et al. 1987, Kobe et al. 1995, Montgomery
and Chazdon 2002, Chao et al. 2008, Wunder et al. 2008).

Our aim is to disentangle the effects of light availability,
individual tree size and past growth on mortality rates of 284
woody species occurring at BCI. Forest census data from the
50-ha forest census plot at BCI provided information on the
spatial location, size and fate of nearly 170 000 individu-
als in the census interval 1990-1995. Yearly canopy census
data that recorded presence/absence of vegetation every 5 m
in six height layers were used as a proxy for light availabil-
ity for each individual tree. We used a hierarchical Bayesian
approach to quantify the dependence of mortality on light,
size and past growth across the entire tree community.

The hierarchical Bayesian approach combines probability
models for the mortality between and within species with a
model relating mean mortality rate to variation in light, tree
size, and past growth (Clark 2005, Condit et al. 2006). Rare
species are included in the analysis and contribute informa-
tion, but correctly weighted by their abundance. The estimated
parameters are directly relevant for understanding and forecast-
ing forest change, and posterior probability distributions pro-
vide direct estimates of parameter uncertainty (Ellison 2004).

Methods

Study area

We analysed data from a 50-ha forest census plot on Barro
Colorado Island (BCI), Panama (9°9'N, 79°51'W). BCI is
a 1567-ha island in the Panama Canal covered with tropical
lowland moist forest. The plot consists of 48 ha of undis-
turbed old-growth forest and 2 ha of secondary forest about
100 years old (Foster and Brokaw 1982). The climate on
BCI is warm throughout the year, but rainfall is seasonal
with most of the 2500 mm falling during the wet season
from April to November (Windsor et al. 1990). Elevation of
the plot is 120-155 m a.s.l. (Hubbell and Foster 1983).

Mortality data

All free-standing woody individuals =1 ¢cm dbh were mapped,
identified to species and measured in 1981-1983, 1985, and
every five years thereafter (< www.ctfs.si.edu >; Hubbell and
Foster 1983, Condit 1998). Here we use the census interval
from 1990-1995 and record the fate of each individual alive at
the beginning of the census interval five years later. We included
only individuals in the analysis that were alive also during the
previous census interval from 1985-1990 and determined their
past dbh growth (mm year~!) during this interval. Growth rates
=0 were arbitrarily set to 0.1 mm year~!. To avoid edge effects
of the light availability calculation, we excluded all individuals
within 20 m of any edge of the plot. In total, 168 254 individuals
of 284 species were included in the analysis.

Estimation of light availability

Yearly canopy censuses were conducted from 1983 to 1996,
except for 1994. Thereafter, the canopy census was omitted for
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several years and then continued applying a different canopy
census method. Thus, consistent canopy census data are only
available for the two census intervals 1985-1990 and 1990-
1995, and we restricted our analysis to the second interval.

We use the canopy census data to produce an index of the
amount of light reaching any point in the forest. The canopy
census includes a record of the height at which vegetation inter-
sected vertical lines above points on a square, 5-m grid across
the 50 ha. Presence versus absence of vegetation was recorded
in six height intervals, 0—2, 2—5, 5—10, 10—20, 20— 30 and
=30 m, with the assistance of an ocular range finder. A single
census of all 20 301 points on the grid was done annually.

If vegetation was present in a height interval, we assume it
casts shade below exactly as would a flat circle of diameter 5 m
placed at the vertical midpoint of the cell (for the topmost height
category, we assumed the circle was at 35 m height because few
trees are taller than 40 m). For any point below, the vegetation
obscures a section of the sky. Using trigonometry, we calculate
the angle of sky so obscured by vegetation at position C, denoted
0, (Supplementary material Appendix 1). The total amount of
sky obscured at any point P is the sum of o over all cells C
that are near enough to cast shade; we assume that points with
a horizontal distance of =20 m from C are near enough. These
assumptions mean that each cell of vegetation reduces light, even
if there is another cell above it: the top layer removes a certain
quantity of light, and the next layer below removes more. This
approach seems reasonable, in that several layers of leaves directly
above a point reduce light to a level lower than a single layer
would. The assumption that the presence of vegetation can be
modelled as a horizontal circle of diameter 5 m is arbitrary.

We tested three alternative algorithms about how
vegetation casts shade and all produced similar results. We
acknowledge this is only a crude way of converting canopy
density above a point to light reaching the point. However,
by using many surrounding points and many vertical layers
(cf. Connell et al. 1997), we suggest that this method may
be somewhat better at estimating light than methods based
only on taller trees within a 10 m radius (Lieberman et al.
1995) or the top layer of vegetation (Welden et al. 1991).

To convert the estimates of shading to an estimate of light
availability, we calculated the mean shading index during
1990-1995 (no canopy census was done in 1994) for each
point of the plot’s 5-m grid at height z = 2 m, providing a
probability distribution of the shade index.

Wirth et al. (2001) provide a probability distribution of
irradiance | at one m height in December (i.e. the end of the
rainy season) 1993 at BCI consisting of 396 direct measure-
ments of relative irradiance. We matched their distribution
of irradiance with our probability distribution of canopy
shading, s. We assumed the 5th, 25th, 50th, 75th and 95th
percentiles of the two distributions match, allowing a simple
conversion of each value s to | by using the regression line
through the percentiles (Supplementary material Appendix
1). Values of | range between 0.003 (deep shade) and 0.987
(full sunlight). A direct comparison between estimated light
availability and light measurements is not possible because
currently the canopy census is done in a different way, and
there are no light measurements available for the years in
which the canopy census was done as described here. How-
ever, the light index performed very well in predicting recruit
numbers across 263 species at BCI (Riiger et al. 2009).



For the analysis, we calculated s at the top of each individ-
ual tree and converted it to relative irradiance as described.
The height h of each tree was estimated from

h=h

max

( 1—eax dbhb)

where dbh is in cm and h,_, a, and b were parameters fitted
to data on measured height and dbh (Chave et al. 2003). The
three parameters were fitted for all of the commoner species;
for rare species, height was estimated using parameters of
all height data pooled (see Table Al in Chave et al. 2003
for parameters). Thus, for each individual tree we have an
estimate of light at the top of its crown.

Variable selection

Because the hierarchical Bayesian model requires long
computation times, we first performed independent logis-
tic regressions of mortality as a function of light, dbh and
growth to select the best explanatory variables. We first com-
pared three variables describing tree growth using the Akaike
information criterion (AIC; Akaike 1974): absolute growth
rate, log(absolute growth rate) and relative growth rate
(growth/dbh). Log(growth) best predicted mortality for 73
out of 125 species with >100 individuals and was selected.

We then applied a step-wise procedure to determine the best
predictors of mortality for the same 125 species and used AIC to
compare models of different complexity. When dbh, log(dbh),
light, log(light) and log(growth) were compared, log(growth)
was the best predictor for the largest number of species. Thus, we
fixed log(growth) as a first predictor and searched for the second
best predictor. The second best predictor was log(dbh), signifi-
cantly improving the prediction for 51 species (JAAIC| > 2).

When dbh, light, log(light) and an interaction between
log(growth) and log(dbh) were compared, dbh was the third
best predictor, significantly further improving the prediction
for 57 species. Likewise, when light, log(light), and interac-
tions between log(growth) and log(dbh) or dbh were compared,
log(light) performed best, significantly improving the prediction
for 33 species. Additionally, log(light) was normally distributed,
thus preventing distortion of mortality predictions for high-light
conditions. Thus, log(growth), log(dbh), dbh and log(light) were
included in the analysis as predictors of mortality. Including both
log(dbh) and dbh allows for a U-shaped response of mortality to
tree size (cf. Davies 2001, Metcalf et al. 2009).

Hierarchical Bayesian model

We used a hierarchical Bayesian framework (Clark 2005)
to assess the light, size and growth dependence of mortality

across tree species at BCI. Data enter our model as the obser-
vation on a single individual i and whether it survived the
census interval (alive, = 1) or not (alive; = 0). We assume
that alive; follows a binomial distribution with the predicted
probability of survival p,

alive, ~ binomial(p,)

Survival probability p; of an individual is calculated from
its predicted annual per capita mortality rate constant (m,
% year!) and adjusted to the time period elapsed between
its measurement in the first (t;, number of days since 1 Janu-
ary 1981) and second census (t,)

—m; (6, —ty;)

p. =e 365235

i

Mortality rate m, is predicted from a logistic function includ-
ing the dbh of individual i (dbh;, mm), the light availability
(L, unitless), and past growth (g, mm year) as predictors
and species-specific coefficients describing the mortality
constant of a species (aj), the impact of light (bj), size (c,, dj)
and growth (ej):

_ 1
T o~(aybyXlogrcyxlogldbh +dyxdbh +e;log(s, )

To describe the variation of a, b, ¢, d and e across the
community, we defined a hyperdistribution for each param-
eter. The specific type of distribution was chosen based on
model runs without hyperdistributions (i.e. estimation of
the posterior distributions for each species independently
of the other species) which revealed that all model param-
eters were approximately normally distributed across the
community. Thus, we used normal hyperdistributions for
a, b, ¢, d and e, with hyperparameters L, L, 1, Wy and L,
describing the community-wide means and ©,, 6,, G, G4
and ©, measuring the between-species variation. The runs
without hyperdistributions also revealed that for species
with >100 individuals, estimates of all parameters were
largely determined by the data, whereas for species with
<10 individuals, estimates were mostly determined by the
community-wide mean.

As we did not have prior knowledge, we used non-
informative flat priors for all parameters:

W, Ly, Ko My U, ~ uniform(-10, 10)
G,, G, O, Oy, G, ~ uniform(0, 2)

Altogether, the joint posterior distribution for the full model is

P(p,a,b,c,d,e,ly,G,,Up>0p 5 Me»Ocs g, 04 Me,> O |alive, 1, dbh, g)

spp 1y Spp

Spp spp

oc HHBinomial(alivei,j [ pij) ¥ HNormal(aj |W,,0,) % HNormal(bj | Wy, 0p) X HNormal(cj | L., 0.) %

=1 i=1 j=1
spp spp

=1 =1

[ [ Normal(d; | ng,0,4) x ] [ Normal(e; | 1., 6,) X Unif(, | = 10,10)X Unif(w, 1—10,10) X Unif(j.. 1-10,10)X

=1 =1

Unif(ug | —10,10) X Unif(, | —10,10) X Unif(o, | 0,2) X Unif(o}, | 0,2) X Unif(o, 10,2) X Unif(c4 | 0,2) X Unif(o, 10,2)
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with spp being the number of species with living individuals
at the beginning of the census interval and n, the number of
individuals of species j. The model assumes no correlation
between parameters.

Model implementation and diagnostics

Posterior distributions of the species-specific parameters of
the mortality model as well as the hyperparameters were
obtained using a Markov chain Monte Carlo (MCMC)
method that is a hybrid of the Metropolis—Hastings
algorithm and the Gibbs sampler (Gelman et al. 1995,
Conditetal. 2006). Parameter values are sequentially updated
as in the Gibbs sampler, but acceptance depends on the
likelihood ratios as in the Metropolis—Hastings algorithm.
The proposal distribution is a normal distribution centred
on the current value of the given parameter. The step width
for each parameter, i.e. the standard deviation of the pro-
posal distribution, is constantly adjusted during the burn-in
period in such a way that acceptance rate is kept around 0.25
(Gelman et al. 1995).

To speed up the convergence of the Gibbs sampler, we
weakened the correlation of a with b, ¢ and d by centring
the light and dbh data on rounded median or mean values
across all individuals

1

o~y xlogl )=log(1)¢; (log(dbh; )~log(dbh )+ x (dbh; ~dbh)-+¢; x log(g; ))

m; —

1+

with 1 = 0.05 (median = 0.052) and dbh = 50 mm (mean =
49.6 mm). Thus, 1/1+e~% represents predicted annual mor-
tality of a tree with 5 cm dbh that receives 5% light and grew
1 mm year! in the past census interval (log(1) = 0). Coin-
cidentally, mean growth of trees with dbh between 4 and
6 cm that receive between 4 and 6% light is 1.1 mm year1.

We monitored convergence by running two chains with
different initial values and used the Gelman and Rubin’s
convergence diagnostics and a value of 1.1 to detect con-
vergence (Gelman et al. 1995). Post hoc analyses showed
that the correlation between model parameters was =|0.25|
for all parameter combinations. These correlations were not
strong enough to prevent the chains from mixing well and
convergence required 100 to 4600 iterations. We used a
burn-in period of 15 000 iterations and additional 10 000
iterations were used for analysis. We computed posterior
parameter distributions given observed survival, light avail-
ability, dbh and growth of each individual. All analyses
were carried out using the software package R ver. 2.11.1
(R Development Core Team 2010) and simulations were
run on parallel computers.

Analysis

From the posterior distributions we computed the mean
and 95% credible intervals (CI) of all species-specific
parameters of the mortality model and of the predicted
annual mortality rate at 5 cm dbh, 5% light and 1 mm
growth (1/1+e72). Significance of coefficients was
assessed by a CI that did not include zero. To evaluate
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how uncertainty of parameter estimates decreased with
sample size, we computed Cls for species with ~10,
~100, ~1000 and ~10 000 individuals. In 1990, there
were 66 species with 1-10 individuals, 93 species with
11-100 individuals, 92 species with 101-1000 indi-
viduals, and 33 species with>1000 individuals. The fit-
ted hyperdistributions have a larger variance than the
species-specific means because they are fit to the distri-
bution of the given model parameter across species at
any step of the Metropolis—Hastings algorithm. In con-
trast, the species-specific means do not contain informa-
tion on the variance of the posterior distribution and
consequently their distribution has a lower variance.

To compare model predictions with data, we cal-
culated observed mortality in different size classes. The
number of size classes used depended on the abundance
of the species. For species with =100 individuals, all indi-
viduals were pooled. For species with >100 and =1000
individuals, observed mortality rates were computed for
three dbh classes each containing a third of the indi-
viduals. For species with >1000 individuals, observed
mortality rates were computed for ten dbh classes each
containing a tenth of the individuals. For species with
>2000 individuals, the largest dbh class was split fur-
ther into different numbers of dbh classes each contain-
ing at least 100 individuals. We visualised the effect of
light by drawing two curves of predicted mortality across
the dbh range at 2% and 20% light, respectively, with
growth fixed at mean growth of the species. Likewise, we
draw two curves at slow growth (5th percentile) and fast
growth (95th percentile), with light fixed at mean light
experienced by individuals of the species.

We calculated contributions of light, dbh and growth
to mortality by comparing mortality rates at standardised
conditions. For saplings, we calculated the difference
between predicted mortality at baseline conditions defined
as 1 cm dbh, average light availability at I cm dbh (2%) and
average growth at 1 cm dbh (0.35 mm year~!) and mortal-
ity at higher light, larger dbh or faster growth. Mortality at
higher light was calculated at average light + 1 SD (SD =
1.3% for individuals with dbh = 1 cm).The effect of larger
size reflecting growth at a constant light level was assessed at
2.5 cm dbh, because still 6% of individuals with dbh
between 2 and 3 cm occur at =2% light. In this analysis
only species with maximum dbh =2.5 cm were included.
The impact of fast growth was evaluated for trees growing
1 SD faster than average (SD = 0.39 mm year! for indi-
viduals with dbh = 1 cm).

For larger trees (only for species with maximum
dbh = 10 c¢m), we performed similar comparisons using
mortality at 10 cm dbh, average light availability (18%)
and average growth (2 mm year!) as a baseline. The
impact of higher light was assessed at average light + 1
SD (SD = 11% for individuals with 9 cm < dbh < 11
cm). The effect of larger size was assessed at 25 ¢cm dbh,
because 8% of individuals with dbh between 24 and 26
cm occur at =18% light. In this analysis only species with
maximum dbh = 25 ¢m were included. The impact of fast
growth was evaluated for trees growing 1 SD faster than
average (SD = 2.4 mm year! for individuals with 9 cm
< dbh < 11 cm).



Results

Community-level patterns of mortality

The hierarchical model produces a community-wide distri-
bution of mortality parameters, based on results for all species
and properly discounting rare species relative to common.
This distribution should be taken as the best estimate of the
community pattern, not the histogram of observed species’
parameters, which is biased by rare species (Fig. 1).

Mean posterior estimates of the effect of log(light) on
mortality (b) ranged from —0.15 to 0.63, where negative
means decreasing mortality at higher light (Fig. 1A; Supple-
mentary material Appendix 2). For 269 species (95%) b was
>0, indicating increasing mortality at higher light levels. The
95% credible interval (CI) of b did not include zero in 29
species (10%). For these species mortality was significantly
higher in higher light. These included shrubs (Hybanthus
prunifolius, Mouriri myrtilloides, Rinorea sylvatica), under-
story treelets (Desmopsis panamensis, Swartzia simplex var.
grandiflora), midstory trees (Garcinia intermedia, Protium
panamense) and canopy trees (Beilschmiedia pendula, Prioria
copaifera, Tetragastris panamensis). All species with a signifi-
cant effect had >200 individuals. Species with ~10, ~100,
~1000 and ~10 000 individuals had CIs * 0.37, 0.34, 0.24
and 0.08 of the mean, respectively. The posterior estimate
of the community-wide mean of b (1,) was 0.14, and the
standard deviation (6,) was 0.19. According to this fitted
distribution of b, 78% of the species had higher mortality at
higher light (b > 0), compared to 95% of direct estimates
of individual species’ b, a difference we attribute to sampling
error.

The effect of log(dbh) on mortality was negative for all
but one species (Garcinia madruno), with the parameter c
ranging from —1.9 to 0.4, (Fig. 1B; Supplementary mate-
rial Appendix 2). For 276 species (97%), the effect of
log(dbh) was significant. Species with ~10, ~100, ~1000 and

~10 000 individuals had CIs = 0.75, 0.63, 0.47 and 0.21 of
the mean, respectively. The community-wide mean of ¢ ()
was —1.0, and the standard deviation (6,) was 0.4. According
to the fitted distribution of ¢, 99% of the species had ¢ <0.

The effect of dbh on mortality was positive for all but
six species, with the parameter d ranging from —0.005 to
0.045 (Fig. 1C; Supplementary material Appendix 2). For
85 species (30%), the effect of dbh was significant. As d was
negatively correlated with the maximum dbh of a species,
the CI was wider for species with small maximum dbh than
for species with large maximum dbh. The community-wide
mean of d (1) was 0.007, and the standard deviation (G,)
was 0.006. According to the fitted distribution of d, 85% of
the species had d > 0.

The effect of log(growth) on mortality was negative with
the parameter e ranging from —0.53 to 0.06 (Fig. 1D; Sup-
plementary material Appendix 2). For all but one species
(Garcinia madruno), e was <0, indicating lower mortality
when trees grew faster. For 281 species (99%), the effect
of growth was significant. Species with ~10, ~100, ~1000
and ~10 000 individuals had CIs = 0.23, 0.20, 0.14 and
0.04 of the mean, respectively. The community-wide mean
of e (1) was —0.35, and the standard deviation (G,) was 0.12.
According to the fitted distribution of e, nearly all species
(99.8%) had lower mortality when growing faster (e < 0).

Predicted annual mortality rate at 5% light, 5 cm dbh
and 1 mm growth was strongly skewed to the right. Mean
annual mortality was 3.1% (Fig. 2; Supplementary material
Appendix 2), but varied widely between species, from 0.3%
to 36% per year. Species with ~10, ~100, ~1000 and ~10
000 individuals had CIs = 5.1%, 2.7%, 0.6% and 0.2% of

the mean, respectively.

Observed versus predicted mortality

In Virola sebifera, a midstory tree, mortality first decreased
with increasing dbh and then increased again slightly towards
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Figure 1. Species-specific means of the posterior distribution (histograms) and fitted hyperdistribution (lines) of the parameters of the
mortality model; A the log(light) dependence of mortality (b), B log(dbh) dependence (c), C dbh dependence (d) and D log(growth)

dependence (e) for 284 tree species at BCI, Panama.
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the maximum dbh (Fig. 3A, D). Mortality was slightly
higher at higher light (upper curve in Fig. 3A) and con-
siderably higher at slow growth (upper curve in Fig. 3D).
Capparis frondosa, an understory shrub, had decreasing mor-
tality across its entire dbh range, and there was no effect of
light on mortality (Fig. 3B) and only a slight effect of growth,
especially in small trees (Fig. 3E). Desmopsis panamensis, an
understory treelet, was one of the few species with increas-
ing mortality across the entire dbh range. Mortality was sig-
nificantly higher at higher light (Fig. 3C) and growth had a
strong effect (Fig. 3F). Model fits for the remaining species
are available as Supplementary material Appendix 3.

Contributions of light, size and growth to mortality

Increasing the light level by 1 SD (1.3%) for small trees of
1 cm dbh led to an increase of mortality in the average spe-
cies from 12.2% to 12.8% per year, or a gain of 0.6 percent-
age points in mortality (Fig. 4A). At the extreme, though,
some species showed 3 percentage point gains in mortality
with 1 SD higher light. Increasing tree size from 1 ¢m to
2.5 cm dbh ataverage light (2%) decreased mortality, with the
average impact of a decrease by 6.1 percentage points from
12.2% to 6.1% per year. There were species, though, which
showed up to 30 percentage point declines. Past growth that
was 1 SD faster than average resulted in a decrease of mor-
tality by 2 percentage points on average, i.e. for an average
species from 12.2% to 10.2% per year.

For larger trees of 10 cm dbh (Fig. 4B), increasing the light
level by 1 SD (11%) led to an increase of mortality in the
average species from 2.3% to 2.45% per year, or a gain of
0.15 percentage points in mortality. At the extreme, though,
some species showed 2 percentage point gains with 1 SD
higher light. Increasing tree size from 10 cm to 25 cm dbh at
average light (18%) either decreased or increased mortality,
with the average impact of an increase by 0.35 percentage
points from 2.3% to 2.65% per year. There were species,
though, which showed up to 10 percentage point increases
or declines. Past growth that was 1 SD faster than average
resulted in an average decrease of mortality by 0.4 percentage
points, i.e. for an average species from 2.3% to 1.9% per year.

Species abundance and mortality responses

Across the community, the annual mortality at 5 cm dbh,
5% light and 1 mm growth decreased slightly with the

1009 n
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I I I
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Predicted mortality at 5 cm dbh,
5% light, 1 mm growth (year-')

Number of species

Figure 2. Predicted annual mortality rate at 5 cm dbh, 5% light
and 1 mm growth per year for 284 tree species at BCI, Panama.
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abundance of the species (Fig. 5). Posterior means of the impact
of log(light) (b) and dbh (d) increased at higher abundances,
whereas the effect of log(dbh) (c) and log(growth) (e) hardly
changed with abundance. For species with <100 individuals,
parameter estimates were partly determined by the community-
wide mean. Therefore, the relationship of parameter estimates
and abundance may not be informative for them.

Discussion

Almost 80% of the species had higher mortality at higher
light. This light effect was significant for 29 out of 284 spe-
cies, and for all of them mortality increased at higher light.
These results challenge previous studies that found seedling
and sapling mortality to decrease at higher light conditions
(Augspurger 1984, Kobe 1999, de Souza and Vilio 2001,
Iriarte and Chazdon 2005, Aiba and Nakashizuka 2007,
de Gouvenain et al. 2007). But these studies focussed on
seedlings and very small saplings, and never included more
than 15 species. The only study that also included trees
>4 cm dbh focussed exclusively on species of the pioneer
genus Macaranga and found lower mortality at higher crown
exposure to light for four species and no effect in seven
species (Davies 2001). In an earlier study of the BCI 50-ha
plot, Welden et al. (1991) found higher mortality in gaps
versus non-gaps for saplings (1-4 cm dbh). They attributed
higher sapling mortality in gaps to stronger competition by
the many small individuals and associated self-thinning and
to mortality due to falling trees or limbs.

Two aspects related to mortality caused by tree or limb
falls warrant consideration. Tree and limb falls may be more
likely at the edges of gaps than in closed forest (Hubbell and
Foster 1986, Aide 1987). This process would correctly be
represented by a positive light effect because being located
in a gap (i.e. at higher light levels) would increase the risk
of mortality. It is also possible, however, to generate a false
positive impact of high light, because saplings in deep shade
killed by a tree fall from above would then (i.e. in the years
of the census interval after their death) appear to be in light.
We checked for this possibility by calculating the impact of
light levels during the previous census interval on mortality
and even more species (275 vs 269) had higher mortality in
higher (prior) light. The community-wide mean was only
0.005 lower than when using current light. Thus, it appears
that there is a real risk of living in an area of high light.

We hypothesise that lower seedling mortality at higher
light found in some studies may be an artefact caused by
the high sensitivity of seedling and sapling mortality to size.
Seedlings in higher light environments grow faster (Poorter
1999). Thus, in the same study period seedlings in high light
reach larger sizes than slower-growing individuals at lower
light and consequently might have lower mortality due to
their larger size rather than due to the higher light levels.
Although it is not possible to control for changes in size dur-
ing a mortality study, it is important to control for the initial
size when impacts of light or other environmental condi-
tions on mortality are to be evaluated.

Our results on the size dependence of mortality largely sup-
port previous studies. For the majority of tree species, mortal-
ity decreased steeply as small trees grew larger (Swaine 1989,
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model predictions become increasingly uncertain towards maximum dbh.

Turner 1990, Condit etal. 1995, Aiba and Nakashizuka 2007)
and then either remained constant or increased again slightly
towards the maximum diameter of the species (Davies 2001,
King et al. 2006). Little is known about causes of mortality
in tropical trees, but it is likely that saplings are more vulner-
able to mechanical damage from above and possibly herbivory
(Clark and Clark 1991, 1992). There is also evidence that both
very small and the very biggest trees are more drought sensi-
tive than intermediate sizes (Condit et al. 1995, Nakagawa
etal. 2000). Indeed, a U-shaped mortality curve with age or size
is so typical across all organisms that it is taken for granted.

The increase of mortality towards the maximum
dbh appeared in many of the species at BCI, including
shrubs (e.g. Hybanthus prunifolius), understory treelets
(e.g. Desmaopsis panamensis, Faramea occidentalis), midstory
trees (e.g. Eugenia oerstediana, Guarea guidonia, Maquira
guianesis) and canopy trees (e.g. Quararibea asterolepis;
Supplementary material Appendix 3). In other species,
however, the increase in mortality at large dbh appears to
have been an artefact of unbalanced data sets dominated by
the many small individuals (e.g. /nga marginata, Pterocarpus
robrii, Symphonia globulifera, Trichilia pallida; Supplemen-
tary material Appendix 3). To account for unbalanced mor-
tality data sets, semiparametric approaches have successfully
been applied (Vieilledent et al. 2009). However, semipara-
metric approaches are not suitable for our study because
they prevent a straightforward comparison among many
species. Nevertheless, the model fits show that for the vast
majority of species, mortality rates are well approximated
at least up to a size of half the maximum dbh and this size
range comprises about 90% of the individuals.

As expected from studies on temperate (Kobe et al. 1995,
Wyckoff and Clark 2002, Wunder et al. 2008) and tropical
forests (Swaine et al. 1987, Chao et al. 2008, Rozendaal
etal. 2010), trees that were growing faster were consistently
dying less often than slower-growing trees. This is easily
interpreted as meaning that unhealthy trees tend to grow
more slowly before dying, regardless of what factors contrib-
ute to poor health.

Of the factors we considered, tree size had the largest
impact on mortality, followed by past growth and light
availability. For small trees (1 cm dbh) this means that
after the opening of a gap, potentially elevated mortality
at higher light conditions is more than offset by the reduc-
tion of mortality due to the size increase allowed from the
increase in light. Thus, mortality effectively decreases when
a gap opens. For larger trees (10 cm dbh), further increase
in dbh had varied impacts on mortality, with some spe-
cies showing increase in mortality at large size, and others
the opposite. Thus, pooling species with different maxi-
mum dbh can result in constant community-level mor-
tality across different size classes as it has been found in
many studies, obscuring intraspecific patterns (Lieberman
and Lieberman 1987, Manokaran and Kochummen 1987,
Swaine et al. 1987).

Uncertainty in our model fits comes from various sources:
error in the light estimate, measurement error of past growth,
sampling error in rare species, individual variability within
species and other factors we did not study. Our light estimate
obviously is only an approximate way of estimating the light
environment in the forest. However, measuring light at every
tree in the 50-ha plot would involve a prohibitive amount
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Figure 4. Contributions of light availability, size and growth to mortality. For small trees (A), contributions are expressed by the absolute
difference in percentage points between baseline mortality of a tree at 1 cm dbh, average light (2%) and average growth (0.35 mm year™!)
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of time and labour. Until lidar-mapping data of the entire
50 ha are available, the method we propose offers an objec-
tive and straightforward measure of how much vegetation is
blocking the sky above any tree of any height in the entire
forest. In a previous study based on the same estimation of
light availability, a strong impact of light on species-specific
recruitment rates was detected (Riiger etal. 2009). This indi-
cates that our light index captures relevant spatial heteroge-
neity of light availability.

A problem inherent in highly diverse tropical forests
is the low number of individuals per area for the many
rare species (Pitman et al. 1999). Hierarchical Bayesian
methods explicitly account for this problem by superim-
posing a form of variation of the studied phenomenon
across the community and by providing direct mea-
sures of uncertainty associated with parameter estimates
(Clark 2005, Condit et al. 2006). We are aware that for
species with few individuals it is difficult to separate the
effects of our four predictors. While the average mortality
rate could be estimated with low uncertainty for species
with >100 individuals, >1000 individuals were needed
to estimate the other model parameters with low uncer-
tainty. Likewise, Wunder et al. (2008) report that growth
dependence of mortality in virtual forests could only
be reliably identified with inventory-based data for
large sample sizes (>500 individuals). However, even
if parameter estimates for any given species may be
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associated with high uncertainty, the hierarchical app-
roach ensures that the overall distribution of parameters
across the community is described precisely, even for rare
species.

Apart from tree size, light availability and past growth
investigated in this study, other factors are known to influ-
ence mortality patterns, e.g. soil moisture and drought
(Condit et al. 1995, Engelbrecht et al. 2006, Comita and
Engelbrecht 2009), herbivory (Benitez-Malvido et al.
2005) or the number or basal area of conspecifics in the
neighbourhood (Comita and Hubbell 2009, Comita et al.
2010). Thus, more detailed analyses of mortality rates may
be worthwhile to reveal the contribution of these additional
predictors to mortality. However, to do this, large data sets
would be required that include observations of mortality for
many individuals as well as measurements of several biotic
and abiotic variables.

Conclusions

Mortality rates (at standardised conditions) of 284 woody
tropical rainforest species at BCI, Panama, varied over a
100-fold range. This clearly indicates different life-history
strategies and suggests mortality to be an important axis for
species’ classification into functional groups. Tree size was the
most important determinant of mortality, followed by past
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growth. The impact of light was comparatively low and thus,
species-specific light dependence of mortality does not seem
to be an important component of ecological differentiation
and offers little scope for niche partitioning with respect to
the resource light. Likewise, the explicit use of ‘low-light
mortality’ in tradeoffs with other life-history traits is not
supported by our results.
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Appendix 1

Calculation of the shading index using canopy density and conversion of the shading index to

relative irradiance

1. Calculation of the shading index using canopy density

Consider an arbitrary point P whose three-dimensional coordinates in the forest are x, y, z, and consider
a cell of vegetation C whose midpoint is at position X, Y, Z¢ (Fig. A1). Call the horizontal distance
between the two points dc, calculated from x and y coordinates, and the vertical distance h¢= z¢-z.
Assume the vegetation in the cell is a horizontal circle of radius r. Then the formula for the angle o of

sky obscured by the layer of vegetation is

a, = arctan(d°h+ rJ— arctan(d°h_ rj ifdc<20m

C C

a, =0 ifd;>20 m,
as we assume vegetation further than 20 m away (horizontal distance) have no impact on the light

reaching a point. We estimate the total shading at point P as

Sp= 2%

c

where the summation means over all cells c in the 50-ha plot.

CXer Yer zd)
e A

Figure Al: Diagram of the calculation \Veg B B Vo
converting vegetation density to shading. - ‘ |
Point P at horizontal coordinates X, y, and !
height z, is where an estimate of shading is \ ‘ h c
needed. The vegetation cell (Veg) has | \xc/ \
midpoint (vertical and horizontal) at point | \ ‘
C. We assume the amount of light removed o 7dc7 \7\. P(x y 7)

(i.e., shading) by the vegetation cell is

proportional to the angle a.. Ground




2. Conversion of the shading index to relative irradiance

We assumed a linear relationship between the log of relative irradiance | (data from Wirth et al. 2001)
and the shading index s (for the period 1990-95) and performed a quadratic regression through 5", 25",
50™, 75" and 95™ percentiles of both distributions, assuming that the lowest estimate of s for any tree

individual (a Prioria copaifera tree with a dbh > 1.2 m) in any census interval corresponds to 100%

light (Fig. A2). Thus, | = g*0135+-008043s-000315¢ '1ha distribution of estimated light is given in Fig. A3.

log(light)=-0.01351-0.08043*shade-0.00315*shade?

Log(light) Wirth et al. 2001

B 5th, 25th, 50th, 75th, 95th percentiles
B minand max shade values

Figure A2: Conversion of shade ’ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Appendix 2
Table Al: Posterior means, lower and upper limits of the 95% credible interval (Cl -, Cl +) of the parameters of a logistic regression predicting the annual mortality rate for the census interval 1990-1995 and tree species
in the 50-ha Forest Dynamics Plot at Barro Colorado Island, Panama.

Species Parameters
Constant (a) Log(light) dependence (b) Log(dbh) dependence (c) Dbh dependence (d) Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+
Abarema macradenia -4.01 -6.07 -1.95 0.128 -0.233 0.506 -1.05 -1.77 -0.26 0.0044 -0.00441 0.013 -0.351 -0.588 -0.096
Acacia melanoceras -4.47 -6.41 -2.81 0.136 -0.252 0.512 -0.95 -1.69 -0.12 0.0069 -0.00606 0.0198 -0.351 -0.593 -0.108
Acalypha diversifolia -1.85 -2.06 -1.61 0.157 -0.054 0.368 -0.64 -1.09 -0.11 0.0139 0.003 0.0258 -0.317 -0.434 -0.203
Acalypha macrostachya -2.19 -2.96 -1.4 0.228 -0.131 0.579 -0.66 -1.42 0.06 0.0105 -0.00172 0.022 -0.311 -0.51 -0.076
Adelia triloba -3.14 -3.6 -2.7 0.108 -0.176 0.412 -1.21 -1.85 -0.67 0.0053 -0.00209 0.0123 -0.413 -0.592 -0.237
Aegiphila panamensis -3.47 -4.11 -2.85 0.091 -0.254 0.397 -1.21 -1.79 -0.55 0.004 -0.00636 0.0151 -0.347 -0.548 -0.141
Alchornea costaricensis -2.52 -3.13 -1.89 -0.008 -0.342 0.327 -1.24 -1.86 -0.54 0.003 -0.00255 0.008 -0.45 -0.634 -0.278
Alchornea latifolia -3.37 -5.22 -1.49 0.173 -0.223 0.523 -0.91 -1.61 -0.09 0.0092 -0.00304 0.0199 -0.365 -0.6 -0.131
Alibertia edulis -4.73 -5.35 -4.02 0.051 -0.242 0.37 -0.93 -1.54 -0.37 0.0097 -0.00257 0.0219 -0.372 -0.559 -0.176
Allophylus psilospermus -3.51 -4.03 -2.98 0.067 -0.243 0.386 -1.1 -1.64 -0.54 0.009 0.00029 0.0186 -0.406 -0.604 -0.215
Alseis blackiana -5.04 -5.26 -4.82 0.034 -0.095 0.165 -1.08 -1.34 -0.81 0.0043 0.00113 0.0072 -0.315 -0.402 -0.238
Amaioua corymbosa -4.34 -5.57 -3.16 0.121 -0.256 0.504 -0.97 -1.66 -0.22 0.0073 -0.0048 0.0199 -0.362 -0.582 -0.123
Anacardium excelsum -4.18 -6.23 -2.34 0.119 -0.238 0.497 -1.05 -1.8 -0.37 0.0007 -0.00154 0.0027 -0.342 -0.576 -0.13
Anaxagorea panamensis -5.84 -6.65 -5.04 0.15 -0.197 0.517 -0.83 -1.51 -0.13 0.0085 -0.00336 0.0204 -0.349 -0.543 -0.139
Andira inermis -5.27 -5.98 -4.6 0.135 -0.198 0.489 -0.84 -1.45 -0.18 0.0168 0.00715 0.0253 -0.376 -0.588 -0.172
Annona acuminata -4.67 -5.23 -4.04 0.137 -0.104 0.397 -0.98 -1.53 -0.45 0.0086 -0.00381 0.0197 -0.429 -0.605 -0.241
Annona spraguei -2.29 -3.04 -1.56 0.046 -0.331 0.396 -1.42 -2.09 -0.78 -0.0006 -0.012 0.0103 -0.367 -0.602 -0.155
Apeiba membranacea -3.08 -3.67 -2.54 -0.018 -0.345 0.319 -1.02 -1.59 -0.44 0.0043 0.00164 0.0067 -0.375 -0.538 -0.207
Apeiba tibourbou -4.01 -5.69 -2.45 0.109 -0.257 0.497 -1.05 -1.76 -0.21 0.0043 -0.00634 0.0155 -0.388 -0.606 -0.158
Aphelandra sinclairiana -4.58 -6.34 -2.75 0.134 -0.251 0.474 -0.94 -1.74 -0.18 0.0073 -0.00416 0.0189 -0.338 -0.551 -0.102
Appunia seibertii -4.08 -6.35 -2.21 0.146 -0.236 0.52 -1 -1.73 -0.21 0.0071 -0.00574 0.0197 -0.35 -0.594 -0.115
Ardisia fendleri -5.14 -6.29 -4.11 0.095 -0.242 0.468 -1.02 -1.75 -0.26 0.0063 -0.00506 0.0201 -0.354 -0.587 -0.133
Ardisia guianensis -4.39 -5.87 -3.16 0.092 -0.276 0.459 -1 -1.77 -0.28 0.0069 -0.00516 0.0203 -0.308 -0.531 -0.086
Aspidosperma spruceanum -5.11 -5.7 -4.51 0.224 -0.063 0.538 -0.83 -1.38 -0.23 0.0019 -0.00247 0.0064 -0.371 -0.567 -0.167
Astrocaryum standleyanum -3.9 -5.04 -2.8 0.125 -0.209 0.461 -1.08 -1.86 -0.38 0.0038 -0.00778 0.0139 -0.305 -0.534 -0.09
Astronium graveolens -5.22 -6.82 -3.82 0.09 -0.291 0.438 -1.08 -1.85 -0.34 0.0031 -0.00309 0.0091 -0.338 -0.582 -0.106
Attalea butyracea -4.07 -6 -2.09 0.136 -0.238 0.493 -1.03 -1.7 -0.24 0.0035 -0.00386 0.0113 -0.289 -0.505 -0.036
Bactris barronis -2.81 -3.76 -1.78 0.109 -0.269 0.456 -1.03 -1.88 -0.3 0.0068 -0.00531 0.0194 -0.377 -0.585 -0.139
Bactris coloniata -2.09 -2.92 -1.25 0.077 -0.283 0.46 -1.14 -1.9 -0.33 0.0055 -0.00587 0.019 -0.376 -0.595 -0.161
Bactris coloradonis -2.81 -4.34 -1.17 0.142 -0.242 0.53 -1.05 -1.84 -0.24 0.0063 -0.00611 0.0191 -0.385 -0.618 -0.168
Bactris major -3.82 -4.46 -3.28 0.14 -0.216 0.465 -1.05 -1.83 -0.26 0.0061 -0.00612 0.0187 -0.275 -0.475 -0.079

Beilschmiedia pendula -4.95 -5.26 -4.66 0.37 0.205 0.55 -1.89 -2.26 -1.56 0.0094 0.00713 0.0121 -0.316 -0.425 -0.209



Species

Constant (a)

Parameters

Log(light) dependence (b)

Log(dbh) dependence (c)

Dbh dependence (d)

Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+
Bertiera guianensis -4.3 -6.38 -2.41 0.154 -0.243 0.534 -0.95 -1.65 -0.14 0.007 -0.00507 0.0202 -0.341 -0.581 -0.11
Brosimum alicastrum 5.11 -5.53 -4.67 0.107 -0.154 0.424 -0.78 -1.27 -0.34 0.0048 0.0024 0.0069 -0.417 -0.589 -0.243
Brosimum guianense -4.33 -6.19 -2.53 0.138 -0.281 0.501 -1.03 -1.82 -0.22 0.0064 -0.00688 0.0181 -0.341 -0.565 -0.107
Calophyllum longifolium -3.87 -4.23 -3.52 0.567 0.28 0.862 -0.23 -0.7 0.22 0.001 -0.0018 0.0037 -0.49 -0.626 -0.34
Capparis frondosa -5.23 -5.66 -4.91 0.048 -0.135 0.211 -1.41 -1.81 -1.01 0.0068 -0.00587 0.0199 -0.178 -0.297 -0.037
Casearia aculeata -4.37 -4.9 -3.89 0.001 -0.29 0.304 -1.26 -1.84 -0.72 0.0034 -0.00793 0.0148 -0.27 -0.456 -0.091
Casearia arborea -3.12 -3.75 -2.57 0.191 -0.129 0.518 -0.77 -1.42 -0.18 0.0036 -0.00074 0.0082 -0.535 -0.729 -0.356
Casearia commersoniana -5.05 -6.57 -3.62 0.124 -0.234 0.498 -0.94 -1.67 -0.18 0.0069 -0.00625 0.0188 -0.329 -0.571 -0.105
Casearia guianensis -4.38 5.74 -2.93 0.114 -0.243 0.487 11 -1.88 -0.41 0.0059 -0.00556 0.019 -0.359 -0.585 -0.136
Casearia sylvestris -3.67 -4.18 -3.17 0.144 -0.166 0.45 -1.03 -1.58 -0.42 0.0063 -0.003 0.0146 -0.382 -0.571 -0.193
Cassipourea elliptica -5.43 -5.93 -4.98 0.367 0.08 0.673 -0.87 -1.44 -0.25 0.0109 0.00338 0.018 -0.406 -0.577 -0.223
Cavanillesia platanifolia -2.45 -4.03 -0.55 0.255 -0.112 0.614 -0.69 -1.43 0 -0.0002 -0.00251 0.002 -0.409 -0.644 -0.196
Cecropia insignis -2.36 -3.03 -1.62 0.067 -0.267 0.38 -1.2 -1.92 -0.51 0.0046 0.00027 0.009 -0.324 -0.493 -0.158
Cecropia obtusifolia -2.64 -4.1 -1.15 0.177 -0.175 0.533 -0.94 -1.74 -0.25 0.0063 -0.00338 0.0156 -0.316 -0.562 -0.08
Cedrela odorata -4.02 -6.1 -1.86 0.138 -0.28 0.501 -1.02 -1.8 -0.27 0.0062 -0.00683 0.0177 -0.353 -0.603 -0.128
Ceiba pentandra -2.31 -3.28 -1.34 0.227 -0.114 0.578 -0.99 -1.7 -0.32 -0.0003 -0.00244 0.002 -0.264 -0.484 -0.058
Celtis schippii -4.2 -4.88 -3.63 0.099 -0.266 0.44 -0.99 -1.69 -0.36 0.0079 -0.00116 0.0188 -0.386 -0.606 -0.182
Cespedesia spathulata -3.62 -5.29 -1.82 0.129 -0.236 0.486 -1.08 -1.76 -0.26 0.0049 -0.00542 0.0151 -0.376 -0.629 -0.157
Cestrum megalophyllum -1.89 -2.5 -1.32 0.116 -0.201 0.428 -0.59 -1.25 -0.02 0.0095 -0.00424 0.0213 -0.361 -0.526 -0.169
Chamaedorea tepejilote 2,74 -3.81 -1.47 0.17 -0.195 0.521 -1.05 -1.79 -0.3 0.0062 -0.00564 0.0196 -0.388 -0.614 -0.155
Chamguava schippii -4.91 -5.72 -4.24 0.216 -0.127 0.538 -0.86 -1.53 -0.27 0.0088 -0.00328 0.0218 -0.284 -0.475 -0.065
Chimarrhis parviflora -4.31 -6.14 -2.62 0.148 -0.23 0.512 -0.99 -1.79 -0.28 0.0067 -0.00667 0.0186 -0.349 -0.569 -0.102
Chrysochlamys eclipes -5.12 -5.76 -4.46 0.199 -0.113 0.527 -1.02 -1.62 -0.47 0.0074 -0.00505 0.0191 -0.32 -0.531 -0.121
Chrysophyllum argenteum -4.92 -5.47 -4.35 0.079 -0.195 0.385 -1.02 -1.63 -0.48 0.0072 -0.0004 0.0142 -0.399 -0.601 -0.23
Chrysophyllum cainito -5.01 -5.99 -4.02 0.164 -0.188 0.533 -0.89 -1.58 -0.17 0.0034 -0.00333 0.0098 -0.336 -0.577 -0.115
Cinnamomum triplinerve -3.25 -3.96 -2.52 0.124 -0.245 0.487 -1.07 -1.71 -0.39 0.0045 -0.00324 0.0124 -0.334 -0.56 -0.118
Clidemia dentata -2.99 -4.98 -1.04 0.139 -0.285 0.5 -1.09 -1.98 -0.35 0.0059 -0.00721 0.0182 -0.341 -0.569 -0.101
Coccoloba coronata -4.29 -4.98 -3.64 0.101 -0.225 0.41 -1.47 -2.08 -0.89 0.001 -0.00897 0.012 -0.376 -0.587 -0.166
Coccoloba manzinellensis -4.55 5.12 -3.98 -0.038 -0.352 0.277 1.1 -1.6 -0.56 0.0063 -0.00545 0.0191 -0.287 -0.472 -0.092
Cojoba rufescens -4.04 -6.09 -1.89 0.133 -0.275 0.479 -1.02 -1.81 -0.19 0.0066 -0.00593 0.0196 -0.348 -0.588 -0.117
Colubrina glandulosa -4.04 -6.09 -2.09 0.136 -0.23 0.524 -1.06 -1.83 -0.28 0.0043 -0.00611 0.0137 -0.354 -0.628 -0.132
Conostegia bracteata -2.91 -4.89 -0.98 0.143 -0.218 0.506 -0.94 -1.71 -0.14 0.0076 -0.00522 0.0206 -0.343 -0.582 -0.108
Conostegia cinnamomea -2.25 -3.02 -1.48 0.101 -0.216 0.408 -0.77 -1.45 -0.12 0.008 -0.00442 0.0201 -0.28 -0.467 -0.096
Cordia alliodora -3.11 -3.88 -2.36 0.1 -0.244 0.472 -1.2 -1.82 -0.52 0.0019 -0.00571 0.0092 -0.358 -0.561 -0.136
Cordia bicolor -3.18 -3.5 -2.85 0.184 -0.087 0.421 -1.4 -1.89 -0.94 0.0061 0.00184 0.0105 -0.354 -0.479 -0.225



Species

Constant (a)

Parameters

Log(light) dependence (b)

Log(dbh) dependence (c)

Dbh dependence (d)

Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+
Cordia lasiocalyx -3.72 -3.96 -3.49 0.235 0.03 0.407 -1.01 -1.44 -0.53 0.0105 0.00225 0.0163 -0.486 -0.59 -0.389
Coussarea curvigemmia -4.53 -4.81 -4.22 0.113 -0.105 0.393 -0.78 -1.26 -0.3 0.0159 0.00566 0.0248 -0.415 -0.543 -0.294
Coutarea hexandra -4.13 -5.9 -2.15 0.135 -0.214 0.517 -0.99 -1.75 -0.19 0.0065 -0.00643 0.0186 -0.347 -0.595 -0.109
Croton billbergianus -1.73 -2.08 -1.4 0.251 -0.038 0.515 -1.01 -1.57 -0.39 0.0104 0.00146 0.0183 -0.35 -0.521 -0.188
Cupania cinerea -3.32 -4.81 -1.94 0.141 -0.261 0.523 -1.11 -1.9 -0.38 0.0051 -0.00548 0.0174 -0.352 -0.584 -0.131
Cupania latifolia -3.8 -4.69 -2.97 0.034 -0.291 0.372 -1.26 -1.94 -0.6 0.0035 -0.00599 0.014 -0.42 -0.638 -0.202
Cupania rufescens -3.88 -4.68 -3.1 0.161 -0.183 0.51 -0.99 -1.67 -0.31 0.01 0.00083 0.0183 -0.318 -0.526 -0.071
Cupania seemannii -5.49 -6.04 -4.92 -0.149 -0.427 0.153 -1.35 -1.96 -0.77 0.0043 -0.00693 0.0162 -0.357 -0.519 -0.18
Dendropanax arboreus -3.16 -3.85 -2.47 0.05 -0.274 0.385 -1.08 -1.67 -0.48 0.0047 0.00011 0.0094 -0.368 -0.586 -0.18
Desmopsis panamensis -3.62 -3.74 -3.51 0.176 0.082 0.266 -0.11 -0.36 0.15 0.0138 0.0057 0.0213 -0.325 -0.376 -0.275
Diospyros artanthifolia -4.95 -6.14 -3.85 0.073 -0.327 0.423 -1.12 -1.77 -0.35 0.0053 -0.0062 0.0181 -0.341 -0.563 -0.104
Dipteryx oleifera -4.59 -5.87 -3.39 0.069 -0.273 0.462 -1.12 -1.87 -0.44 0.0017 -0.00133 0.0054 -0.348 -0.567 -0.116
Drypetes standleyi -5.18 -5.47 -4.86 0.208 -0.031 0.423 -1.32 -1.69 -0.93 0.0078 0.0029 0.0126 -0.343 -0.465 -0.191
Elaeis oleifera -4.22 -6.19 -2.06 0.123 -0.249 0.47 -1.08 -1.81 -0.29 0.0029 -0.00644 0.0113 -0.346 -0.589 -0.125
Enterolobium schomburgkii -4.86 -6.38 -3.36 0.132 -0.275 0.49 -0.96 -1.68 -0.19 0.0065 -0.00458 0.0177 -0.35 -0.589 -0.119
Erythrina costaricensis -3.85 -4.4 -3.3 0.243 -0.07 0.591 -0.66 -1.33 -0.01 0.0069 -0.00278 0.0183 -0.379 -0.596 -0.199
Erythroxylum macrophyllum -3.7 -4.19 -3.23 0.258 -0.001 0.555 -1.04 -1.57 -0.47 0.0087 -0.00165 0.0188 -0.404 -0.593 -0.241
Erythroxylum panamense -4.21 -5.03 -3.43 0.064 -0.251 0.417 -1.02 -1.69 -0.38 0.0073 -0.0059 0.0188 -0.3 -0.498 -0.068
Eugenia coloradoensis -4.09 -4.43 -3.74 0.132 -0.119 0.384 -0.69 -1.09 -0.2 0.0077 0.00247 0.0126 -0.306 -0.441 -0.154
Eugenia galalonensis -4.46 -4.86 -4.07 0.324 0.081 0.559 -0.82 -1.32 -0.36 0.0147 0.00516 0.0239 -0.334 -0.481 -0.191
Eugenia nesiotica -4.82 -5.34 -4.27 0.327 0.025 0.61 -1.1 -1.56 -0.5 0.0094 0.00356 0.0167 -0.363 -0.549 -0.182
Eugenia oerstediana -4.17 -4.43 -3.95 0.178 -0.003 0.362 -1.08 -1.47 -0.75 0.0159 0.01115 0.0201 -0.454 -0.561 -0.351
Faramea occidentalis -5.09 -5.19 -5 0.43 0.35 0.512 -1.41 -1.61 -1.21 0.0254 0.02182 0.029 -0.47 -0.511 -0.422
Ficus bullenei -3.32 -5.48 -1.38 0.17 -0.207 0.561 -0.86 -1.64 -0.12 0.0125 0.00159 0.0227 -0.341 -0.563 -0.104
Ficus colubrinae -4.17 -6.07 -2.17 0.13 -0.24 0.503 -1.03 -1.79 -0.3 0.0062 -0.00653 0.0194 -0.341 -0.594 -0.097
Ficus insipida -3.25 -5.09 -1.49 0.115 -0.239 0.488 -1.06 -1.8 -0.26 0.0024 -0.0035 0.0084 -0.375 -0.599 -0.145
Ficus maxima -4.27 -6.09 -2.51 0.117 -0.288 0.451 -1.03 -1.81 -0.23 0.0044 -0.00484 0.0134 -0.359 -0.586 -0.102
Ficus obtusifolia -4.03 -6.08 -2.09 0.132 -0.249 0.527 -1.04 -1.79 -0.29 0.0043 -0.00451 0.0134 -0.354 -0.591 -0.126
Ficus popenoei -3.68 -5.46 -2.07 0.169 -0.218 0.537 -0.87 -1.65 -0.16 0.012 -0.00038 0.0232 -0.291 -0.533 -0.072
Ficus tonduzii -3.68 -4.82 -2.6 0.148 -0.215 0.498 -0.92 -1.61 -0.16 0.0063 -0.00293 0.0142 -0.336 -0.549 -0.114
Ficus trigonata -4.03 -6.05 -1.94 0.131 -0.214 0.53 -1.05 -1.8 -0.27 0.0038 -0.00412 0.0119 -0.361 -0.596 -0.125
Ficus yoponensis -4.09 -6.17 -1.9 0.132 -0.228 0.494 -1.06 -1.87 -0.3 0.0021 -0.00552 0.0096 -0.341 -0.559 -0.092
Garcinia intermedia -4.67 -4.92 -4.43 0.361 0.184 0.519 -0.82 -1.22 -0.44 0.0101 0.00311 0.0177 -0.149 -0.252 -0.039
Garcinia madruno -2.02 -2.3 -1.75 0.243 -0.013 0.468 0.4 -0.1 0.92 0.0011 -0.00722 0.0102 0.057 -0.091 0.193
Genipa americana -4.17 -4.88 -34 0.14 -0.196 0.49 -0.96 -1.61 -0.34 0.0027 -0.00554 0.0099 -0.386 -0.609 -0.171



Species

Constant (a)

Parameters

Log(light) dependence (b)

Log(dbh) dependence (c)

Dbh dependence (d)

Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+
Geonoma interrupta -3.19 -4.98 -1.3 0.128 -0.232 0.512 -1.04 -1.8 -0.25 0.0063 -0.00678 0.0188 -0.376 -0.594 -0.121
Guapira standleyana -5.12 -6.13 -4.3 0.078 -0.258 0.451 -1.16 -1.85 -0.45 0.0059 0.00123 0.0106 -0.411 -0.618 -0.195
Guarea fuzzy -4.19 -4.53 -3.87 -0.087 -0.284 0.128 -0.89 -1.3 -0.49 0.0148 0.00863 0.0205 -0.419 -0.562 -0.28
Guarea grandifolia -4.42 -5.39 -3.45 0.102 -0.26 0.47 -1 -1.72 -0.34 0.0055 0 0.0108 -0.358 -0.594 -0.144
Guarea guidonia -5.01 -5.4 -4.65 0.058 -0.161 0.289 -1.51 -1.98 -1.05 0.0111 0.00615 0.0165 -0.455 -0.584 -0.321
Guatteria dumetorum -3.55 -3.78 -3.32 0.172 -0.053 0.381 -0.63 -0.98 -0.28 0.0037 0.00102 0.0063 -0.382 -0.483 -0.275
Guazuma ulmifolia -2.47 -3.57 -1.33 0.121 -0.264 0.484 -1.2 -2 -0.51 0.0003 -0.00514 0.0056 -0.42 -0.637 -0.189
Guettarda foliacea -4.74 -5.29 -4.23 0.203 -0.099 0.512 -1.09 -1.72 -0.53 0.003 -0.00685 0.0124 -0.408 -0.603 -0.221
Gustavia superba -4.6 -5.44 -3.85 0.046 -0.283 0.394 -1.54 -2.2 -0.84 0.0064 -0.00068 0.013 -0.345 -0.549 -0.148
Hamelia axillaris -3.39 -4.4 -2.38 -0.047 -0.426 0.292 -1.02 -1.81 -0.3 0.0062 -0.00548 0.0206 -0.357 -0.564 -0.143
Hamelia patens -3.26 -5.07 -1.45 0.166 -0.211 0.578 -1.08 -1.86 -0.29 0.0064 -0.00651 0.019 -0.342 -0.582 -0.122
Hampea appendiculata -1.93 -3.22 -0.85 0.275 -0.06 0.631 -0.71 -1.44 -0.06 0.005 -0.0015 0.0122 -0.343 -0.576 -0.118
Hasseltia floribunda -3.59 -3.86 -3.29 0.274 0.043 0.515 -1.08 -1.56 -0.6 0.0092 0.0034 0.0153 -0.498 -0.622 -0.365
Heisteria acuminata -4.53 -5.32 -3.78 0.232 -0.104 0.586 -0.76 -1.38 -0.08 0.0095 -0.00181 0.0206 -0.314 -0.531 -0.099
Heisteria concinna -5.36 -5.81 -4.91 0.402 0.091 0.73 -1.01 -1.57 -0.45 0.006 -0.00051 0.0131 -0.4 -0.576 -0.209
Herrania purpurea -4.66 -5.21 -4.16 0.125 -0.205 0.378 -1.19 -1.72 -0.61 0.0065 -0.00592 0.0174 -0.301 -0.479 -0.119
Hieronyma alchorneoides -3.84 -4.65 -3.14 0.102 -0.276 0.423 -1.14 -1.8 -0.49 0.0009 -0.0034 0.0053 -0.388 -0.613 -0.173
Hirtella americana -4.08 -4.98 -3.08 0.118 -0.25 0.447 -0.86 -1.54 -0.15 0.0101 -0.00014 0.019 -0.371 -0.605 -0.165
Hirtella triandra -5.1 -5.34 -4.84 0.237 0.056 0.409 -1.23 -1.61 -0.86 0.008 0.0031 0.013 -0.327 -0.426 -0.229
Hura crepitans -3.46 -4.38 -2.45 -0.001 -0.343 0.384 -1.31 -1.98 -0.62 0.0009 -0.00107 0.0028 -0.399 -0.606 -0.18
Hybanthus prunifolius -3.16 -3.25 -3.08 0.203 0.148 0.249 -0.96 -1.17 -0.73 0.045 0.03756 0.0532 -0.289 -0.318 -0.263
Inga acuminata -4.41 -4.98 -3.84 0.018 -0.319 0.336 -1.06 -1.68 -0.43 0.0137 0.00432 0.0242 -0.462 -0.654 -0.266
Inga cocleensis -2.63 -3.22 -2.09 0.26 -0.075 0.591 -0.76 -1.36 -0.14 0.0094 0.00188 0.0175 -0.284 -0.484 -0.105
Inga goldmanii -3.94 -4.33 -3.59 0.18 -0.107 0.445 -0.92 -1.43 -0.34 0.0097 0.00348 0.0164 -0.446 -0.596 -0.278
Inga laurina -4.08 -4.91 -3.3 0.026 -0.312 0.395 -1.01 -1.68 -0.26 0.0046 -0.00458 0.0137 -0.387 -0.626 -0.179
Inga marginata -2.6 -2.91 -2.32 0.153 -0.104 0.398 -1.19 -1.74 -0.75 0.0102 0.0058 0.0152 -0.4 -0.534 -0.266
Inga mucuna -4.16 -6.1 -2.26 0.129 -0.244 0.505 -1.01 -1.83 -0.2 0.0065 -0.0072 0.0182 -0.341 -0.591 -0.105
Inga nobilis -4.44 -4.79 -4.05 0.1 -0.173 0.391 -0.93 -1.46 -0.45 0.0112 0.00072 0.0215 -0.383 -0.547 -0.226
Inga oerstediana -2.56 -3.89 -1.09 0.191 -0.167 0.566 -1.01 -1.72 -0.2 0.008 -0.0028 0.0195 -0.365 -0.577 -0.12
Inga pezizifera -3.2 -3.66 -2.77 0.153 -0.214 0.459 -0.54 -1.2 -0.02 0.0073 -0.00333 0.0175 -0.404 -0.589 -0.216
Inga punctata -2.43 -3.76 -1.2 0.173 -0.166 0.534 -0.93 -1.64 -0.25 0.0101 0.00087 0.0181 -0.383 -0.593 -0.145
Inga ruiziana -3.15 -4.17 -2.29 0.257 -0.082 0.61 -0.88 -1.55 -0.18 0.0082 -0.00281 0.0179 -0.379 -0.608 -0.164
Inga sapindoides -3.91 -4.4 -3.5 -0.015 -0.333 0.286 -0.95 -1.53 -0.49 0.0113 0.00195 0.0194 -0.39 -0.566 -0.203
Inga spectabilis -3.01 -4.21 -1.89 0.158 -0.228 0.498 -1.1 -1.81 -0.39 0.0044 -0.00459 0.0122 -0.354 -0.584 -0.117
Inga thibaudiana -3.71 -4.55 -2.98 0.026 -0.341 0.364 -1.04 -1.68 -0.35 0.0048 -0.00653 0.0158 -0.377 -0.594 -0.168



Species

Constant (a)

Parameters

Log(light) dependence (b)

Log(dbh) dependence (c)

Dbh dependence (d)

Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+

Inga umbellifera -4.34 -4.7 -4.02 0.161 -0.115 0.388 -0.83 -1.34 -0.37 0.0133 0.00245 0.0251 -0.459 -0.597 -0.316
Jacaranda copaia -2.56 -3.16 -1.97 0.075 -0.27 0.422 -1.17 -1.78 -0.54 0.0016 -0.00234 0.0048 -0.467 -0.648 -0.291
Koanophyllon wetmorei -3.03 -4.38 -1.76 0.119 -0.244 0.509 -1.03 -1.8 -0.27 0.0068 -0.00582 0.0191 -0.319 -0.547 -0.08
Lacistema aggregatum -4.33 -4.64 -4.02 0.173 -0.045 0.369 -1.14 -1.58 -0.78 0.0145 0.00651 0.0238 -0.396 -0.514 -0.285
Lacmellea panamensis -5.34 6.6 -4.15 0.12 -0.234 0.488 -0.97 -1.63 -0.24 0.0051 -0.00541 0.0159 -0.358 -0.586 -0.123
Laetia procera -3.8 -5.15 -2.52 0.111 -0.267 0.453 -0.99 -1.68 -0.23 0.0078 0.00182 0.0137 -0.348 -0.585 -0.115
Laetia thamnia -3.9 -4.3 -3.53 0.349 0.083 0.645 -1.02 -1.53 -0.48 0.0103 0.00003 0.0206 -0.267 -0.434 -0.114
Lafoensia punicifolia -4.28 -6.12 -2.33 0.117 -0.276 0.462 -1.08 -1.83 -0.28 0.0022 -0.00541 0.0101 -0.347 -0.575 -0.1

Licania hypoleuca -5.1 -5.91 -4.23 0.182 -0.188 0.518 -0.82 -1.44 -0.17 0.009 0.00167 0.0183 -0.327 -0.538 -0.099
Licania platypus -4.71 -5.37 -4.08 0.199 -0.142 0.518 -0.71 -1.32 -0.07 0.0038 -0.00321 0.0093 -0.38 -0.579 -0.176
Lindackeria laurina -4.05 -5.28 -2.91 0.11 -0.256 0.477 -1.06 -1.78 -0.38 0.004 -0.00425 0.0118 -0.399 -0.603 -0.163
Lonchocarpus heptaphyllus -4.2 -4.59 -3.85 0.017 -0.237 0.279 -1.2 -1.64 -0.77 0.0108 0.0071 0.0147 -0.36 -0.498 -0.223
Lozania pittieri -3.33 -5.24 -1.74 0.164 -0.225 0.532 -1.02 -1.77 -0.22 0.0067 -0.00514 0.0205 -0.372 -0.613 -0.137
Luehea seemannii -3.46 -4.11 -2.74 -0.034 -0.372 0.289 -1.24 -1.85 -0.59 0.0032 -0.0014 0.0071 -0.41 -0.629 -0.211
Maclura tinctoria -4 -6.23 -2 0.133 -0.229 0.506 -1.01 -1.72 -0.17 0.0067 -0.00728 0.0184 -0.349 -0.573 -0.128
Macrocnemum roseum -4.59 -5.49 -3.79 0.005 -0.357 0.328 -1.13 -1.77 -0.5 0.004 -0.00579 0.0143 -0.37 -0.604 -0.156
Malpighia romeroana -4.61 -5.75 -3.48 0.064 -0.265 0.442 -1.01 -1.69 -0.3 0.007 -0.00491 0.0199 -0.362 -0.574 -0.128
Maquira guianensis -4.98 -5.35 -4.67 0.16 -0.065 0.448 -0.79 -1.31 -0.34 0.0152 0.00746 0.0234 -0.508 -0.656 -0.364
Margaritaria nobilis -4.33 -6.13 -2.58 0.138 -0.217 0.532 -1 -1.8 -0.2 0.0065 -0.00512 0.0191 -0.343 -0.579 -0.109
Marila laxiflora -4.05 -5.91 -2.05 0.138 -0.242 0.486 -1.02 -1.75 -0.22 0.0056 -0.00698 0.017 -0.35 -0.581 -0.118
Maytenus schippii -5.11 -6.11 -4.16 0.159 -0.191 0.536 -1.07 -1.78 -0.44 0.0041 -0.00625 0.0134 -0.276 -0.497 -0.053
Miconia affinis -2.61 -3 -2.26 -0.003 -0.288 0.253 -0.33 -0.9 0.23 0.0124 0.00192 0.0228 -0.325 -0.47 -0.18
Miconia argentea -1.88 -2.2 -1.58 0.078 -0.171 0.305 -1.04 -1.5 -0.53 0.006 0.00019 0.0115 -0.394 -0.545 -0.239
Miconia elata -3.47 -4.48 -2.5 0.186 -0.192 0.555 -0.77 -1.47 -0.06 0.0099 -0.00138 0.0215 -0.402 -0.631 -0.189
Miconia hondurensis -5.23 -6.76 -3.89 0.122 -0.25 0.474 -0.91 -1.65 -0.15 0.0065 -0.00524 0.0186 -0.348 -0.58 -0.108
Miconia impetiolaris -3.83 -5.36 -2.33 0.189 -0.186 0.568 -0.95 -1.69 -0.19 0.007 -0.00563 0.02 -0.332 -0.563 -0.103
Miconia nervosa -2.2 -3.14 -1.42 0.197 -0.13 0.525 -0.85 -1.48 -0.13 0.0072 -0.00552 0.0195 -0.29 -0.486 -0.098
Mosannona garwoodii -5.16 -5.79 -4.54 0.34 0.016 0.673 -0.82 -1.39 -0.21 0.0097 -0.00069 0.0208 -0.28 -0.494 -0.065
Mouriri myrtilloides -4.08 -4.36 -3.8 0.265 0.161 0.373 -1.12 -1.44 -0.84 0.0145 0.00196 0.0252 -0.173 -0.231 -0.106
Myrcia gatunensis -3.85 -4.73 -2.96 0.114 -0.224 0.466 -1.15 -1.82 -0.48 0.0041 -0.00746 0.015 -0.331 -0.551 -0.106
Myrospermum frutescens -3.56 -4.79 -2.41 0.18 -0.186 0.54 -0.77 -1.46 0.01 0.0075 -0.00119 0.0159 -0.34 -0.561 -0.112
Nectandra cissiflora -2.9 -3.3 -2.49 0.056 -0.227 0.365 -0.67 -1.2 -0.07 0.0027 -0.00553 0.0107 -0.322 -0.515 -0.151
Nectandra fuzzy -2.67 -4.19 -1.14 0.179 -0.192 0.53 -1.05 -1.86 -0.29 0.0059 -0.0073 0.018 -0.333 -0.584 -0.107
Nectandra lineata -3.19 -3.82 -2.51 0.097 -0.199 0.45 -0.85 -1.52 -0.25 0.0038 -0.00452 0.0126 -0.316 -0.518 -0.113
Nectandra purpurea -3.9 -4.86 -3.08 0.069 -0.278 0.448 -1.01 -1.71 -0.31 0.0077 -0.00532 0.0192 -0.355 -0.562 -0.14



Species

Constant (a)

Parameters

Log(light) dependence (b)

Log(dbh) dependence (c)

Dbh dependence (d)

Log(growth) dependence (e)

mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+

Neea amplifolia -3.92 -5.09 -2.71 0.249 -0.118 0.602 -1.07 -1.75 -0.35 0.0064 -0.00609 0.0196 -0.346 -0.569 -0.127
Ochroma pyramidale -4.05 -5.92 -1.87 0.116 -0.251 0.486 -1.06 -1.85 -0.31 0.0039 -0.0061 0.0135 -0.36 -0.611 -0.133
Ocotea cernua -3.11 -3.52 -2.72 0.094 -0.187 0.387 -0.89 -1.52 -0.36 0.0077 -0.00102 0.0169 -0.237 -0.399 -0.072
Ocotea oblonga -2.55 -3.06 -2.08 0.241 -0.07 0.593 -1 -1.6 -0.4 0.0058 -0.0001 0.0118 -0.385 -0.592 -0.185
Ocotea puberula -2.63 -3.07 -2.23 0.071 -0.251 0.345 -1 -1.54 -0.45 0.0061 -0.00096 0.0125 -0.387 -0.555 -0.219
Ocotea whitei -2.92 -3.16 -2.68 0.197 -0.045 0.442 -0.54 -0.96 -0.12 -0.0011 -0.00528 0.0024 -0.385 -0.515 -0.26
Oenocarpus mapora -4.01 -4.67 -3.39 0.114 -0.176 0.42 -1.55 -2.32 -0.84 -0.0047 -0.01543 0.0062 -0.235 -0.421 -0.073
Ormosia amazonica -4.27 -6.26 -2.35 0.152 -0.267 0.505 -0.96 -1.78 -0.23 0.0069 -0.00567 0.0194 -0.343 -0.558 -0.061
Ormosia coccinea -5.31 -6.53 -4.15 0.19 -0.164 0.562 -0.76 -15 -0.04 0.009 -0.00309 0.0213 -0.354 -0.576 -0.118
Ormosia macrocalyx -5.12 -6.13 -4.09 0.176 -0.175 0.544 -0.91 -1.59 -0.2 0.0093 0.00323 0.0149 -0.298 -0.522 -0.083
Ouratea lucens -5.08 -5.65 -4.47 0.261 0.006 0.489 -1.18 -1.66 -0.7 0.0063 -0.00677 0.0173 -0.261 -0.431 -0.108
Pachira sessilis -4.41 -5.6 -3.25 0.145 -0.221 0.52 -0.97 -1.62 -0.19 0.0046 -0.00338 0.0117 -0.377 -0.618 -0.154
Palicourea guianensis -0.58 -1 -0.13 0.214 -0.088 0.521 -0.9 -1.52 -0.24 0.009 -0.0026 0.0209 -0.237 -0.43 -0.038
Pentagonia macrophylla -3.99 -4.62 -3.51 0.168 -0.106 0.44 -1.2 -1.76 -0.68 0.0059 -0.00668 0.0174 -0.19 -0.358 -0.016
Perebea xanthochyma -5.01 -5.8 -4.34 0.009 -0.309 0.352 -1.26 -1.88 -0.57 0.004 -0.00803 0.0152 -0.348 -0.567 -0.15
Picramnia latifolia -4.28 -4.66 -3.95 0.22 0.01 0.449 -0.7 -1.14 -0.22 0.0041 -0.0059 0.0132 -0.389 -0.53 -0.244
Piper aequale -2.96 -3.83 -2.02 0.037 -0.323 0.401 -1.04 -1.69 -0.34 0.0065 -0.00586 0.0198 -0.325 -0.533 -0.115
Piper arboreum -2.85 -3.62 -2.03 0.22 -0.152 0.556 -0.82 -1.52 -0.15 0.0092 -0.00335 0.0204 -0.317 -0.531 -0.095
Piper colonense -2.47 -3.12 -1.88 0.163 -0.161 0.521 -0.97 -1.67 -0.32 0.0065 -0.0052 0.0189 -0.287 -0.5 -0.08
Piper cordulatum -2.33 2.9 -1.74 0.042 -0.126 0.215 -1.18 -1.61 -0.72 0.0049 -0.00601 0.0153 -0.188 -0.33 -0.051
Piper perlasense -3.87 -4.93 -2.77 0.033 -0.341 0.366 -1.16 -1.78 -0.48 0.0059 -0.0076 0.0192 -0.309 -0.531 -0.065
Piper reticulatum -4.38 5.1 -3.62 0.147 -0.195 0.476 -0.54 -1.19 0.22 0.0124 0.00056 0.0244 -0.394 -0.624 -0.195
Piper schiedeanum -3.57 -5.42 -1.93 0.14 -0.222 0.522 -1.05 -1.86 -0.31 0.0064 -0.00639 0.0197 -0.368 -0.593 -0.129
Platymiscium pinnatum -3.42 -4.07 -2.85 0.104 -0.218 0.421 -1.06 -1.64 -0.48 -0.0001 -0.00527 0.0048 -0.323 -0.527 -0.127
Platypodium elegans -3.43 -4.01 -2.82 0.094 -0.24 0.417 -1.08 -1.64 -0.48 0.0036 0.00083 0.0064 -0.381 -0.581 -0.203
Posoqueria latifolia -5.15 -6.12 -4.16 0.092 -0.248 0.436 -0.99 -1.67 -0.28 0.0045 -0.00518 0.0138 -0.352 -0.557 -0.109
Poulsenia armata -35 -3.68 -3.32 0.363 0.176 0.536 -0.97 -1.29 -0.61 0.0059 0.00263 0.0081 -0.44 -0.523 -0.356
Pourouma bicolor -4.52 -5.92 -3.2 0.111 -0.283 0.444 -1.07 -1.78 -0.3 0.0037 -0.00684 0.0128 -0.378 -0.619 -0.172
Pouteria fossicola -4.25 -6.2 -2.42 0.127 -0.262 0.498 -1.02 -1.77 -0.27 0.0039 -0.00505 0.0124 -0.347 -0.578 -0.099
Pouteria reticulata -4.39 -4.73 -4.08 0.031 -0.174 0.232 -11 -1.47 -0.7 0.0046 0.00014 0.0089 -0.257 -0.367 -0.124
Pouteria stipitata -5.03 -6.15 -3.88 0.145 -0.207 0.494 -0.87 -1.55 -0.17 0.0058 -0.00351 0.0137 -0.345 -0.564 -0.109
Prioria copaifera -5.69 -6.09 -5.25 0.388 0.079 0.69 -0.54 -1.02 -0.07 0.0024 0.00056 0.0046 -0.473 -0.642 -0.292
Protium confusum -4.13 -6.21 -2.28 0.129 -0.242 0.53 -1 -1.82 -0.21 0.0066 -0.0064 0.0188 -0.346 -0.583 -0.1

Protium costaricense -4.06 -4.44 -3.73 0.264 -0.002 0.493 -0.9 -14 -0.4 0.009 0.00024 0.017 -0.331 -0.482 -0.174
Protium panamense -4.26 -45 -4.02 0.633 0.438 0.817 -0.85 -1.22 -0.48 0.0088 0.0013 0.0157 -0.21 -0.307 -0.118



Species Parameters
Constant (a) Log(light) dependence (b) Log(dbh) dependence (c) Dbh dependence (d) Log(growth) dependence (e)
mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+

Protium tenuifolium -4.6 -4.86 -4.34 0.146 -0.052 0.328 -1.17 -1.55 -0.82 0.0084 0.0042 0.0124 -0.306 -0.413 -0.196
Pseudobombax septenatum -4.31 -6.07 -2.25 0.12 -0.292 0.474 -1.05 -1.83 -0.25 0.0029 -0.00282 0.0082 -0.349 -0.576 -0.093
Psidium friedrichsthalianum -5.22 -6.42 -3.98 0.112 -0.229 0.476 -0.95 -1.61 -0.21 0.0058 -0.00555 0.0175 -0.332 -0.563 -0.113
Psychotria acuminata -3.07 -5.06 -1.09 0.163 -0.195 0.532 -1.09 -1.84 -0.24 0.0059 -0.00581 0.0194 -0.337 -0.576 -0.102
Psychotria chagrensis -4.04 5.5 -2.61 0.179 -0.158 0.561 -0.96 -1.72 -0.29 0.0069 -0.00577 0.0194 -0.362 -0.584 -0.127
Psychotria deflexa -2.58 -3.65 -1.34 0.133 -0.205 0.502 -1.11 -1.86 -0.4 0.0059 -0.00776 0.017 -0.302 -0.548 -0.09
Psychotria graciliflora -3.04 -4.31 -1.76 0.151 -0.216 0.526 -1.14 -1.94 -0.41 0.0056 -0.0069 0.0178 -0.363 -0.592 -0.137
Psychotria grandis -3.14 -3.83 -2.37 0.076 -0.272 0.426 -1.08 -1.78 -0.43 0.0062 -0.00629 0.0177 -0.373 -0.583 -0.176
Psychotria horizontalis -2.9 -3.13 -2.68 0.059 -0.034 0.152 -0.44 -0.74 -0.19 0.0162 0.00763 0.0252 -0.304 -0.364 -0.238
Psychotria limonensis -3.76 -5.59 -2.16 0.132 -0.244 0.457 -1.03 -1.81 -0.31 0.0066 -0.00663 0.018 -0.347 -0.568 -0.103
Psychotria marginata -3.08 -3.83 -2.44 0.041 -0.2 0.275 -0.73 -1.29 -0.11 0.0088 -0.00448 0.0199 -0.303 -0.463 -0.152
Psychotria pittieri -4.35 -6.22 -2.43 0.151 -0.257 0.497 -0.91 -1.68 -0.18 0.0073 -0.00507 0.0203 -0.341 -0.572 -0.114
Psychotria tenuifolia -4.16 -6.17 -2.3 0.148 -0.22 0.528 -0.95 -1.75 -0.15 0.007 -0.00513 0.0209 -0.344 -0.59 -0.109
Pterocarpus officinalis -4.53 -6.22 -2.72 0.144 -0.241 0.536 -0.94 -1.77 -0.24 0.0074 -0.00601 0.0188 -0.338 -0.558 -0.093
Pterocarpus rohrii -3.97 -4.28 -3.68 -0.024 -0.222 0.181 -0.79 -1.19 -0.39 0.0077 0.00367 0.0114 -0.321 -0.44 -0.213
Quararibea asterolepis -4.69 -4.96 -4.43 0.279 0.051 0.487 -0.96 -1.31 -0.62 0.004 0.00239 0.0056 -0.348 -0.473 -0.237
Quassia amara -5.27 -6.24 -4.45 0.148 -0.202 0.51 -0.92 -1.58 -0.18 0.008 -0.00338 0.0216 -0.339 -0.556 -0.114
Randia armata -4.81 -5.17 -4.44 0.086 -0.194 0.345 -0.83 -1.38 -0.41 0.0117 0.00458 0.0195 -0.391 -0.551 -0.228
Rinorea sylvatica -4.47 -4.88 -4.08 0.31 0.105 0.51 -0.85 -1.33 -0.41 0.0121 0.00233 0.024 -0.376 -0.499 -0.256
Rosenbergiodendron formosum -4.23 -6.1 -2.2 0.142 -0.227 0.492 -1 -1.81 -0.22 0.0071 -0.00591 0.0195 -0.341 -0.584 -0.093
Sapium broadleaf -4.06 -6.09 -2.05 0.135 -0.228 0.524 -1.04 -1.77 -0.23 0.005 -0.00572 0.0156 -0.358 -0.605 -0.133
Sapium glandulosum -3.34 -4.61 -2.22 0.132 -0.22 0.491 -1.11 -1.92 -0.42 0.0054 0.00073 0.0098 -0.339 -0.569 -0.1
Schizolobium parahyba -4.59 -6.27 -3.03 0.121 -0.265 0.506 -0.99 -1.8 -0.25 0.0065 -0.00457 0.0199 -0.356 -0.583 -0.085
Senna dariensis -2.07 -2.73 -1.49 0.06 -0.275 0.39 -1.3 -2 -0.62 0.0039 -0.00828 0.0164 -0.36 -0.558 -0.151
Simarouba amara -3.1 -3.31 -2.9 0.144 -0.073 0.362 -0.8 -1.17 -0.45 0.0056 0.00318 0.008 -0.405 -0.514 -0.296
Siparuna guianensis -4.83 -6.41 -3.24 0.102 -0.262 0.474 -1.06 -1.82 -0.26 0.0055 -0.00557 0.0187 -0.343 -0.591 -0.128
Siparuna pauciflora -3.27 -3.68 -2.9 0.002 -0.294 0.291 -1.13 -1.68 -0.56 0.0072 -0.00338 0.0167 -0.349 -0.517 -0.185
Sloanea terniflora -5.11 -5.62 -4.5 0.157 -0.125 0.449 -0.86 -1.41 -0.34 0.0033 -0.00182 0.0079 -0.356 -0.54 -0.164
Socratea exorrhiza -3.15 -3.58 -2.72 0.166 -0.118 0.482 -1 -1.71 -0.31 0.0073 -0.00169 0.0161 -0.104 -0.242 0.021
Solanum circinatum -2.89 -4.93 -0.97 0.195 -0.185 0.568 -0.99 -1.73 -0.2 0.0064 -0.00612 0.0209 -0.33 -0.594 -0.119
Solanum hayesii -15 -2.36 -0.59 0.065 -0.271 0.387 -0.95 -1.67 -0.27 0.0077 -0.00243 0.0168 -0.371 -0.592 -0.148
Solanum steyermarkii -3.37 -5.07 -1.39 0.145 -0.242 0.526 -1.07 -1.83 -0.26 0.0062 -0.00761 0.0184 -0.376 -0.609 -0.153
Sorocea affinis -4.32 -4.57 -4.09 0.209 0.01 0.383 -0.79 -1.15 -0.39 0.0168 0.00718 0.0258 -0.331 -0.425 -0.225
Spachea membranacea -4.13 -6.08 -2.07 0.137 -0.246 0.523 -1.02 -1.79 -0.21 0.0065 -0.0063 0.0186 -0.342 -0.588 -0.104
Spondias mombin -2.49 -3.38 -1.53 0.091 -0.263 0.433 -1.36 -2.08 -0.67 0.0002 -0.0056 0.0061 -0.396 -0.611 -0.189



Species Parameters
Constant (a) Log(light) dependence (b) Log(dbh) dependence (c) Dbh dependence (d) Log(growth) dependence (e)
mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+

Spondias radlkoferi -3.25 -3.8 -2.67 -0.002 -0.34 0.336 -1.29 -1.9 -0.71 0.0058 0.00152 0.0098 -0.332 -0.529 -0.148
Sterculia apetala -4.4 -5.57 -3.33 0.128 -0.225 0.508 -1 -1.73 -0.29 0.0048 0.00004 0.0098 -0.312 -0.538 -0.084
Stylogyne turbacensis -4.12 -4.63 -3.58 -0.04 -0.278 0.192 -0.85 -1.32 -0.3 0.0081 -0.00353 0.02 -0.374 -0.539 -0.215
Swartzia simplex

var. grandiflora -5.83 -6.17 -5.47 0.3 0.1 0.507 -1.4 -1.88 -1.01 0.0111 0.00432 0.019 -0.259 -0.383 -0.125
Symphonia globulifera -3.84 -4.43 -3.31 0.161 -0.141 0.491 -0.66 -1.27 -0.02 0.007 0.0011 0.0126 -0.381 -0.58 -0.196
Tabebuia guayacan -5.07 -6.27 -4.04 0.167 -0.206 0.571 -0.96 -1.68 -0.29 0.0016 -0.00282 0.006 -0.351 -0.57 -0.143
Tabebuia rosea -4.21 -4.77 -3.67 -0.022 -0.352 0.263 -1.16 -1.72 -0.57 0.0063 0.00053 0.0116 -0.418 -0.598 -0.22
Tabernaemontana arborea -4.9 -5.32 -4.54 0.135 -0.125 0.392 -1.22 -1.68 -0.75 0.0079 0.00444 0.0114 -0.367 -0.513 -0.228
Tachigali versicolor -3.73 -3.94 -3.51 0.227 0.085 0.389 -0.52 -0.84 -0.24 0.0038 0.00108 0.0066 -0.366 -0.441 -0.285
Talisia nervosa -5.61 -6.28 -4.97 0.07 -0.272 0.387 -1.07 -1.69 -0.45 0.0068 -0.00576 0.0185 -0.242 -0.442 -0.033
Talisia princeps -4.5 -5.16 -4.05 0.206 -0.052 0.464 -1.28 -1.81 -0.72 0.0062 -0.00515 0.0174 -0.158 -0.332 0.005
Terminalia amazonia -4.29 -5.29 -3.32 0.105 -0.251 0.464 -1.06 -1.73 -0.37 0.0025 -0.00324 0.0082 -0.321 -0.538 -0.103
Terminalia oblonga -3.57 -4.32 -2.81 0.146 -0.249 0.498 -0.77 -1.44 -0.1 0.0028 -0.00204 0.0074 -0.348 -0.563 -0.138
Tetragastris panamensis -4.68 -4.91 -4.43 0.343 0.179 0.511 -1.01 -1.32 -0.68 0.0046 0.00189 0.0072 -0.287 -0.379 -0.189
Tetrathylacium johansenii -4.14 -6.06 -2.03 0.118 -0.225 0.536 -1.07 -1.72 -0.25 0.0036 -0.0056 0.0115 -0.355 -0.608 -0.139
Theobroma cacao -4.19 -5.76 -2.66 0.107 -0.293 0.434 -1.06 -1.83 -0.3 0.005 -0.0069 0.017 -0.361 -0.6 -0.134
Thevetia ahouai -3.78 -4.45 -3.11 0.139 -0.2 0.488 -1.18 -1.8 -0.51 0.0052 -0.00654 0.017 -0.401 -0.617 -0.204
Tocoyena pittieri -4.25 -6.13 -2.55 0.146 -0.246 0.529 -0.98 -1.73 -0.27 0.0091 0.00188 0.017 -0.37 -0.59 -0.125
Trattinnickia aspera -2.91 -3.68 -2.19 0.246 -0.123 0.616 -0.97 -1.8 -0.36 0.005 0.00083 0.0088 -0.388 -0.591 -0.181
Trema micrantha -2.47 -4.25 -0.54 0.22 -0.197 0.597 -0.84 -1.55 -0.08 0.0078 -0.00109 0.016 -0.32 -0.545 -0.077
Trichanthera gigantea -3.31 -4.87 -1.9 0.178 -0.194 0.531 -0.95 -1.73 -0.2 0.0077 -0.00529 0.0202 -0.379 -0.606 -0.146
Trichilia pallida -4.43 -4.82 -3.99 0.11 -0.149 0.396 -1.13 -1.66 -0.64 0.0137 0.00654 0.0209 -0.368 -0.531 -0.196
Trichilia tuberculata -4.36 -4.48 -4.24 0.248 0.157 0.349 -0.74 -0.89 -0.57 0.0055 0.00406 0.0068 -0.37 -0.424 -0.321
Trichospermum galeottii -3.4 -5.38 -1.17 0.18 -0.21 0.514 -0.88 -1.66 -0.12 0.0121 0.00231 0.022 -0.343 -0.569 -0.093
Triplaris cumingiana -3.88 -4.36 -34 0.059 -0.241 0.374 -1.21 -1.73 -0.55 0.002 -0.00608 0.0097 -0.444 -0.632 -0.246
Trophis caucana -3.29 -3.7 -2.92 0.159 -0.114 0.462 -1.01 -1.58 -0.47 0.0077 -0.00153 0.0184 -0.271 -0.429 -0.092
Trophis racemosa -4.46 -5.07 -3.94 0.177 -0.128 0.462 -0.78 -1.35 -0.24 0.0077 0.00008 0.015 -0.291 -0.484 -0.095
Turpinia occidentalis -3.83 -4.9 -2.74 0.128 -0.227 0.476 -0.97 -1.71 -0.14 0.0113 0.00439 0.0191 -0.318 -0.515 -0.099
Unonopsis pittieri -3.97 -4.27 -3.67 0.223 -0.043 0.481 -1.25 -1.71 -0.76 0.0099 0.0027 0.0169 -0.417 -0.55 -0.274
Virola multiflora -3.97 -4.94 -3.09 0.118 -0.252 0.464 -1.3 -1.99 -0.61 0.0024 -0.00508 0.0088 -0.384 -0.626 -0.181
Virola sebifera -4.35 -4.58 -4.09 0.222 0.004 0.422 -1.24 -1.63 -0.83 0.0102 0.00597 0.0142 -0.256 -0.36 -0.144
Virola surinamensis -4.14 -4.86 -3.44 0.148 -0.219 0.472 -1.05 -1.66 -0.41 0.0032 -0.00094 0.0071 -0.381 -0.586 -0.178
Vismia baccifera -3.2 -3.97 -2.51 0.139 -0.212 0.481 -1.07 -1.79 -0.37 0.0062 -0.00495 0.0186 -0.33 -0.541 -0.115
Vismia billbergiana -3.35 -5.24 -1.66 0.124 -0.235 0.507 -0.98 -1.82 -0.24 0.007 -0.00522 0.019 -0.327 -0.565 -0.098
Vochysia ferruginea -3.21 -4.35 -2.14 0.141 -0.249 05 -0.91 -1.56 -0.18 0.0095 0.00224 0.0164 -0.415 -0.644 -0.192



Species Parameters
Constant (a) Log(light) dependence (b) Log(dbh) dependence (c) Dbh dependence (d) Log(growth) dependence (e )
mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+ mean Cl- Cl+

Xylopia macrantha -5.21 -5.65 -4.76 0.248 -0.062 0.555 -1.15 -1.7 -0.56 0.0081 -0.001 0.0182 -0.408 -0.582 -0.225
Xylosma oligandra -4.15 -4.83 -3.45 0.085 -0.228 0.469 -0.96 -1.58 -0.32 0.0067 -0.00418 0.02 -0.322 -0.538 -0.119
Zanthoxylum acuminatum -3.34 -3.82 -2.83 0.138 -0.197 0.461 -0.59 -1.2 0.05 0.0108 0.00288 0.0197 -0.465 -0.662 -0.289
Zanthoxylum ekmanii -0.98 -1.75 -0.1 0.04 -0.334 0.369 -1.24 -1.86 -0.6 0.0028 -0.00047 0.0061 -0.411 -0.586 -0.229
Zanthoxylum panamense -3.35 -3.82 -2.87 -0.003 -0.328 0.331 -1.02 -1.59 -0.43 0.0091 0.00412 0.0144 -0.357 -0.537 -0.167
Zanthoxylum setulosum -4.13 -6.02 -2.17 0.142 -0.242 0.511 -1.04 -1.84 -0.25 0.0048 -0.00542 0.0166 -0.344 -0.577 -0.114
Zuelania guidonia -3.32 -4.24 -2.53 0.093 -0.244 0.463 -1.22 -1.92 -0.59 0.004 -0.00555 0.013 -0.354 -0.583 -0.142




Appendix 3
Comparison of observed and predicted mortality rates

We compared predicted and observed mortality rates in different ways for species with
<100 or >100 individuals, respectively. Mortality was recorded for the woody species at
Barro Colorado Island, Panama, in the census interval 1990-1995. For species with <100
individuals, overall observed and predicted mortality rate are reported (Table A2). To
perform this comparison, we determined for each individual of a given species its

predicted mortality based on the dbh, light and past growth of the individual.

For species with >100 individuals, we visually compared predicted and observed
mortality. We visualised the effect of light by drawing two curves of predicted mortality
across the dbh range at 2% (black line) and 20% light (grey line), with growth fixed at
mean growth of the species (Fig. A4). Likewise, we draw predicted mortality curves at
slow growth (5" percentile, black line) and fast growth (95" percentile, grey line), with
light fixed at mean light experienced by individuals of the species (Fig. A5).

The number of size classes depends on the abundance of the species. For species with
>100 and <1000 individuals, observed mortality rates were computed for three dbh
classes each containing a third of the individuals (red dots). For species with >1000
individuals, observed mortality rates were computed for ten dbh classes each containing a
tenth of the individuals. Because large trees are rare, the largest dbh class can span half
the dbh range. Thus, for species with >2000 individuals, the largest dbh class was split
into subclasses that contain at least 100 individuals. The dbh range is restricted to 75% of
the maximum dbh because larger trees are rare and model predictions become

increasingly uncertain towards maximum dbh.

The parameters of the mortality model are given in Appendix 2.



Table A2: Observed and predicted mortality rate for tree species with <100
individuals at Barro Colorado Island, Panama, in the census interval 1990-
1995. N is the number of individuals alive in 1995.

Species Mortality N
Observed Predicted
Abarema macradenia 0.000 0.007 1
Acacia melanoceras 0.000 0.015 5
Acalypha macrostachya 0.144 0.117 20
Aegiphila panamensis 0.047 0.049 75
Alchornea latifolia 0.147 0.066 2
Amaioua corymbosa 0.032 0.033 14
Anacardium excelsum 0.000 0.003 12
Annona spraguei 0.072 0.087 41
Apeiba tibourbou 0.011 0.009 19
Aphelandra sinclairiana 0.000 0.023 4
Appunia seibertii 0.000 0.018 1
Ardisia fendleri 0.013 0.016 49
Ardisia guianensis 0.046 0.050 10
Astronium graveolens 0.000 0.003 50
Attalea butyracea 0.018 0.015 24
Bactris barronis 0.145 0.119 12
Bactris coloniata 0.231 0.200 18
Bactris coloradonis 0.229 0.116 3
Bertiera guianensis 0.000 0.053 1
Brosimum guianense 0.000 0.015 3
Casearia commersoniana 0.000 0.010 15
Casearia guianensis 0.018 0.022 12
Cavanillesia platanifolia 0.038 0.022 18
Cecropia obtusifolia 0.070 0.043 14
Cedrela odorata 0.000 0.006 1
Ceiba pentandra 0.067 0.063 29
Cespedesia spathulata 0.085 0.057 3
Cestrum megalophyllum 0.208 0.216 89
Chamaedorea tepejilote 0.231 0.182 9
Chimarrhis parviflora 0.000 0.018 3
Chrysophyllum cainito 0.016 0.018 54
Cinnamomum triplinerve 0.054 0.052 48
Clidemia dentata 1.000 0.077 1
Cojoba rufescens 0.000 0.014 1
Colubrina glandulosa 0.000 0.009 1
Conostegia bracteata 1.000 0.041 1
Conostegia cinnamomea 0.207 0.207 94
Cordia alliodora 0.034 0.040 79
Coutarea hexandra 0.000 0.017 2
Cupania cinerea 0.107 0.068 5
Cupania latifolia 0.045 0.050 36
Cupania rufescens 0.037 0.035 43
Diospyros artanthifolia 0.011 0.013 40
Dipteryx oleifera 0.011 0.014 39
Elaeis oleifera 0.000 0.004 7
Enterolobium schomburgkii 0.000 0.010 12
Erythroxylum panamense 0.042 0.043 76
Ficus bullenei 1.000 0.216 1
Ficus colubrinae 0.000 0.027 1

Ficus insipida 0.085 0.040 3



Table 3.1: continued

Ficus maxima

Ficus obtusifolia
Ficus popenoei

Ficus tonduzii

Ficus trigonata

Ficus yoponensis
Genipa americana
Geonoma interrupta
Guarea grandifolia
Guazuma ulmifolia
Hamelia axillaris
Hamelia patens
Hampea appendiculata
Heisteria acuminata
Hieronyma alchorneoides
Hirtella americana
Hura crepitans

Inga cocleensis

Inga laurina

Inga mucuna

Inga oerstediana

Inga punctata

Inga ruiziana

Inga spectabilis

Inga thibaudiana
Koanophyllon wetmorei
Lacmellea panamensis
Laetia procera
Lafoensia punicifolia
Lindackeria laurina
Lozania pittieri
Maclura tinctoria
Macrocnemum roseum
Malpighia romeroana
Margaritaria nobilis
Marila laxiflora
Maytenus schippii
Miconia elata
Miconia hondurensis
Miconia impetiolaris
Miconia nervosa
Myrcia gatunensis
Myrospermum frutescens
Nectandra fuzzy
Nectandra lineata
Nectandra purpurea
Neea amplifolia
Ochroma pyramidale
Ocotea oblonga
Ormosia amazonica
Ormosia coccinea
Ormosia macrocalyx
Pachira sessilis

Piper aequale

Piper arboreum

0.000
0.000
0.085
0.039
0.000
0.000
0.031
1.000
0.020
0.038
0.119
0.144
0.145
0.018
0.030
0.037
0.012
0.110
0.036
0.000
0.192
0.146
0.092
0.052
0.034
0.096
0.003
0.032
0.000
0.016
0.143
0.000
0.026
0.042
0.000
0.000
0.009
0.060
0.000
0.039
0.226
0.058
0.078
0.145
0.083
0.035
0.100
0.000
0.090
0.000
0.005
0.015
0.022
0.156
0.104

0.009
0.008
0.055
0.034
0.005
0.007
0.031
0.111
0.021
0.035
0.118
0.056
0.120
0.018
0.032
0.035
0.013
0.110
0.037
0.031
0.109
0.129
0.079
0.042
0.034
0.061
0.005
0.029
0.005
0.014
0.063
0.008
0.028
0.044
0.014
0.014
0.012
0.053
0.007
0.029
0.227
0.061
0.062
0.053
0.083
0.034
0.100
0.003
0.092
0.020
0.008
0.019
0.023
0.158
0.096
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NN

43
30
30

22
84
68
31
89
61
50

12
17
18
53

77
21

55

61
44

68
20
23

71
37
13

49
39
37

80

45
58
20
36
33



Table 3.1: continued

Piper colonense

Piper perlasense

Piper reticulatum

Piper schiedeanum
Platymiscium pinnatum
Platypodium elegans
Posoqueria latifolia
Pourouma bicolor
Pouteria fossicola
Pouteria stipitata
Protium confusum
Pseudobombax septenatum
Psidium friedrichsthalianum
Psychotria acuminata
Psychotria chagrensis
Psychotria deflexa
Psychotria graciliflora
Psychotria grandis
Psychotria limonensis
Psychotria pittieri
Psychotria tenuifolia
Pterocarpus officinalis
Quassia amara
Rosenbergiodendron formosum
Sapium broadleaf
Sapium glandulosum
Schizolobium parahyba
Senna dariensis
Siparuna guianensis
Solanum circinatum
Solanum hayesii
Solanum steyermarkii
Spachea membranacea
Spondias mombin
Sterculia apetala
Tabebuia guayacan
Terminalia amazonia
Terminalia oblonga
Tetrathylacium johansenii
Theobroma cacao
Thevetia ahouai
Tocoyena pittieri
Trattinnickia aspera
Trema micrantha
Trichanthera gigantea
Trichospermum galeottii
Turpinia occidentalis
Virola multiflora
Vismia baccifera
Vismia billbergiana
Vochysia ferruginea
Xylosma oligandra
Zanthoxylum setulosum
Zuelania guidonia

0.132
0.135
0.018
0.146
0.094
0.054
0.014
0.009
0.000
0.009
0.000
0.000
0.012
1.000
0.070
0.305
0.204
0.090
0.146
0.000
0.000
0.000
0.009
0.000
0.000
0.047
0.000
0.196
0.000
1.000
0.173
0.142
0.000
0.041
0.019
0.008
0.018
0.031
0.000
0.015
0.053
0.046
0.055
0.175
0.107
1.000
0.030
0.021
0.060
0.149
0.060
0.051
0.000
0.060

0.123
0.135
0.017
0.108
0.049
0.058
0.016
0.010
0.020
0.010
0.014
0.008
0.016
0.076
0.071
0.285
0.182
0.092
0.124
0.065
0.034
0.023
0.010
0.022
0.007
0.035
0.009
0.218
0.007
0.040
0.150
0.071
0.025
0.038
0.017
0.010
0.019
0.028
0.004
0.014
0.055
0.106
0.052
0.111
0.069
0.350
0.035
0.023
0.054
0.052
0.051
0.034
0.022
0.061

34
42
87

100
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