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Abstract

To screen for rapidly growing trees, lifetime growth histories of 160 species were estimated from
data collected in a permanent 50 ha census plot in tropical moist forest in Panama. Most of the 160
species had never been studied before in detail, and newly encountered species with rapid growth
might provide better techniques for reforesting degraded soils in Central America. To estimate life-
time growth, polynomial regressions were fitted to instantaneous growth rates expressed as a function
of log-transformed diameter at breast height (dbh). These functions represent a differential equation
in dbh, and explicit solutions for the equations provided dbh trajectories as a function of age (starting
at 1 cm dbh, which was the smallest size included in the census). Dbh trajectories were calculated for
160 species, and full growth data are presented for the 28 species that ranked among the fastest 15 to
reach a dbh of 10, 30, or 60 cm. Dbh trajectories based on growth of one standard deviation above
the mean were also estimated for these species by fitting a polynomial regression to the residuals
around the original regression. The fastest-growing tree in the 50 ha plot was the balsa, Ochroma
pyramidale, which reached 10 cm in 5 years and 30 ¢cm in 10. Cavanillesia platanifolia, Trema mi-
crantha, Zanthoxylum belizense, and Vochysia ferruginea were the other top-ranking species. At mean
growth, the top 15 ranking species required 5-25 years to reach 10 cm, 10-67 years to reach 30 cm,
and 32-111 years to reach 60 cm, starting at 1 cm. At growth one standard deviation above the mean,
the same species required 4-18 years to reach 10 cm, 8-35 years to reach 30 cm, and 19-69 years to
reach 60 cm dbh. We recommend that the little-known species from this list be further tested in refo-
restation trials. ‘

Introduction
The faster forests in the tropics disappear, the greater the demand for refo-
resting degraded lands will be. Unfortunately, the natural regeneration of tree

cover often takes place very slowly on badly degraded soils (Uhl, 1982; Uhl
et al., 1982), and as a result there have been many attempts to hasten the
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process. Typically, monospecific plantations of Pinus caribaea, Tectona gran-
dis, Eucalyptus spp., Acacia mangium, or one of a handful of other species are
planted to reclaim degraded soils. We contend that these efforts have been
restricted to only a few species simply because information on other species—
optimum growth rates, source of seeds, techniques for storage and germina-
tion, etc.—has not been available.

This is unfortunate, because there is a vast diversity of tree species in the
tropics, and many other species are probably suitable for plantation and re-
forestation. In Panama, for example, there are 2067 tree species (based on
the computerized flora of Panama from the Missouri Botanical Garden, with
some additions and modifications made from our experience), yet nearly all
reforestation efforts involve only about 20 species, and only about half of
these are native to the region (Instituto Nacional de Recursos Naturales Re-
novables (INRENARE), 1990). Surely there are many more fast-growing or
potentially valuable trees among those 2067. Hundreds of tree species are uti-
lized by local peoples in the tropics (Duke, 1968; Torres de Aradz, 1975; Saw
et al., 1991), and in our surveys of tree use in a small village in Central Pan-
ama, 104 native tree species were identified as valuable. However, few of these
trees have ever been used in reforestation projects.

There exist just a handful of attempts to evaluate substantial numbers of
native tree species for their reforestation or plantation potential (Garcia Col-
menarez, 1978; Gonzdlez et al., 1990; Espinoza and Butterfield, 1992). We
are expanding these efforts by initiating an evaluation of the reforestation
potential of native forest trees in Panama. The first phase of the evaluation is
based on a permanent 50 ha census plot that was established in undisturbed
forest on Barro Colorado Island in 1980 (Hubbell and Foster, 1983,1992).
The plot was established to provide large samples of individuals from many
species, to allow estimates of demographic parameters across a wide range of
size classes (Condit et al., 1993), and here we use the dataset to analyze in-
formation on the growth rates of 160 tree species, most of which have never
before been studied. We develope a new method for estimating lifetime age-
diameter trajectories which works effectively at smaller sample sizes than pre-
vious techniques demanded. With this method, we estimated the time it would
take each species to reach 10, 30, and 60 cm in stem diameter and extracted
the 28 fastest from the list. Both mean growth rates and accelerated growth
rates were calculated, the latter on the basis of observed individual variation
in growth (Condit et al., 1993).

Materials and methods
Study site

The study was carried out in tropical moist forest on Barro Colorado Island
(BCI) in central Panama. Detailed descriptions of the climate, flora, and fauna
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of BCI have been given by Croat (1978) and Leigh et al. (1982). Three cen-
suses of the 50 ha plot were carried out—in 1981-1983, 1985, and 1990
(Hubbell and Foster, 1983,1986a,b, 1990a,b, 1992; Condit et al., 1992a,b;
we refer to the first census, which lasted 2 years, as the 1982 census). All free-
standing, woody stems of 1 cm or more in diameter at breast height (dbh)
were identified, tagged, and mapped. The diameter of each stem was mea-
sured at breast height (1.3 m) unless there were irregularities in the trunk
there, in which case the measurement was taken at the nearest higher point
where the stem was cylindrical. In 1982 and 1985, a plastic plate with 0.5 cm
increments was used to measure diameters of smaller stems (Manokaran et
al., 1990), so that dbh of stems of less than 55 mm were effectively rounded
down to the next smallest 5 mm multiple. In 1990, calipers were used and dbh
values recorded to the nearest millimeter.

Measuring growth

Growth rate was calculated as dbh increment, converted to an annual value
using the time interval for a plant’s quadrant. Because dbh values were
rounded down in 1982 and 1985 but not 1990, it was necessary to round 1990
dbh values below 55 mm down to the nearest 5 mm interval before calculating
growth rates. Rounding dbh values down by 5 mm may bias growth estimates
of smaller stems, but Condit et al. (1993) calculated that the bias was mini-
mal. All surviving stems which were not resprouts were included in growth
calculations, except that, to reduce the impact of a few erroneous dbh meas-
ures on growth estimates, we discarded all records of plants which shrank by
more than 5% of their initial dbh per year or grew by over 75 mm year—'.
Condit et al. (1993) used these cutoffs for estimating growth rates in Prioria
copaifera, and found that they successfully eliminated the effect of highly er-
roneous measures and provided estimates close to the median.

Overview bf the method for estimating dbh trajectories

Estimating long-term growth of tropical trees can only be done by extrapo-
lating from shorter-term growth records, because most species do not have
annual growth rings. Previous methods for extrapolating involved estimating
growth rates from samples of trees in different size classes, then calculating
the time it would take a tree to grow through successive size classes if it main-
tained mean growth (Richards, 1952; Del Valle,1979; Whitmore, 1984; Ter
Steege, 1990) or if it was assigned growth values from the observed distribu-
tion of growth estimates (Lieberman and Lieberman, 1986). Here we amend
this technique, using regression analyses to fit growth estimates as a continu-
ous function of dbh, then calculating instantaneous changes in dbh by treating
the growth curve as a differential equation. The regression technique facili-
tates work with smaller sample sizes, as it can smooth out erratic fluctuations
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in growth that result from small samples in individual size classes, and be-
cause it can be used to estimate growth rates for size classes lacking in the
data.

We start by fitting a quadratic regression to data on instantaneous growth
rates and log-transformed dbh, to provide an equation relating the derivative
of the logarithm of dbh (with respect to time) to the logarithm of dbh. Log-
transformation tended to enhance the fit of the regression at the smaller dbh
values at the expense of fit at larger dbh values, because of the way logarithms
compress the large values in a distribution and spread the small ones. We
favored this trade-off because we were most interested in identifying rapid
growth at smaller dbh values (up to 10 and 30 cm). Quadratic regression was
used because it gave improved fit over linear regression; higher-order poly-
nomials would have given even better fits, but did not allow explicit solutions
to the resulting differential equation.

Solving the growth equation

We let D be the dbh and L=In(D) be the natural logarithm of dbh. We can
define the growth rate, g, as

g=[In(D;)=In(Do) ]/t= (L, ~Lo)/t (1)

where subscripts ¢ and zero denote measures taken at time ¢ at time zero,
respectively. As ¢ approaches zero, dL/dt approaches g. For each plant, g was
measured in the field and used as an estimate of dL/d¢. This is an approxi-
mation, because the latter is an instantaneous measure of growth whereas the
former is not, but the approximation is justified because the time intervals
used were 3-5 years, which is short in terms of how fast most trees grow. The
growth rate, g, is based on a standard exponential equation for plant growth;
it is not the same as relative growth, which is (D,—Dg)/(Dyt) (Welden et al.,
1991; Condit et al., 1993), but at low growth rates the two differ only slightly.
Growth is expressed as a function of dbh by the following equation:

g=dL/dt=aLl*+bL+c (2)

This equation is found by modeling growth as a quadratic function of L, ob-
taining the parameters a, b and ¢ using a standard polynomial regression ex-
ercise, with each stem providing a single point—estimates of g and L. An
explicit solution to Eq. (2) can be found by direct integration (Purcell, 1972);
it takes different forms for different parameter values. If b2/4a*<c/a and
a#0, then, letting k>=c/a— b?/4a?, the solution is

t=(1/ak) arctan[ (L+b/2a)/k]+m (3)

If, on the other hand, 52/4a*>c/a and a>0, and letting k*=b2/4a*—c/a,
the solution becomes
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t=(1/2ak) In[(L+b/2a-k)/(L+b/2a+k)]+m (4)
Lastly, if b2/4a?> c¢/a but a <0, again letting k>=b?/4a*—c/a, then
t=—(1/2ak) In[ (L+b/2a+k) /(= L—b/2a+k)] +m (5)

The constant m is the constant of integration and is found by setting initial
conditions, which in our case were =0 at L=In(1 cm), as the census began
with trees at 1 cm dbh. There are actually further solutions to Eq. (1) for the
conditions a=0 or b?/4a*=c/a, but these exact equalities would never be
encountered when fitting parameters to real data.

The solutions in Egs. (3)-(5) give a dbh trajectory—the relationship be-
tween size and age. They express age as a function of time, but they could
easily have been rearranged to express dbh as a function of age. As we wished
to calculate the age at which the average tree would reach 10 cm, 30 cm, and
60 cm dbh, we kept the former. For each species, we solved for the parameters
a,b, and c, used the natural logarithm of the three sizes, and found three ages.

These equations give mean performance of a species because they were based
on mean growth rates. To estimate performance one standard deviation above
the mean, we fitted a polynomial curve to the residuals of growth rate relative
to the original growth equation (Eq. (2)), where the residual r was defined
as the absolute value of the observed minus the fitted growth rate (Egs. (1)
and (2)):

r=|g— (aL*+bL+c)| (6)

A second differential equation was then written for each species based on
g’ =g++r, the mean growth rate plus the residual:

g =aL’+b'L+c (7)

A second set of constants, a’, b’, and ¢’, was fitted for each species, and solu-
tions for Eq. (7) were found (as in Egs. (3)-(5)). These give the dbh trajec-
tory of a tree which grew consistently one standard deviation above the mean.
Rather than referring to this more rapid trajectory repeatedly as ‘growth one
standard deviation above the mean’, we call it simply ‘accelerated growth’.

It is necessary that growth rates be zero or higher for the solutions in Eqs.
(3)-(5) to hold. Thus, for any species for which the fitted growth rates g or
g’ fell to zero at any dbh > | cm, we assumed the tree stopped growing at that
size. On the other hand, if g<0 at dbh=1 cm, we made no calculations for
the species. A mean growth rate below zero is biologically unreasonable, but
it is statistically possible: it happened for 12 species with small sample sizes
(less than 10).
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Selecting the fastest-growing species

A total of 185 tree species have been recorded in the 50 ha plot (including
canopy and medium-sized trees as defined by Hubbell and Foster (1986a) ).
As a polynomial regression demands three points, we excluded species for
which sample sizes for growth estimates were below three. Five palm species
were also omitted because palms do not have true diameter growth. Species
names used here follow Croat (1978).

For the remaining species, the time it took to reach 10 cm, 30 cm, and 60
cm dbh (starting at 1 cm) was calculated for each census interval, using the
mean growth curve. There were 160 tree species whose predicted trajectories
reached 10 cm dbh, 139 which reached 30 cm, and 130 which reached 60 cm.
We constructed rankings based on these times—six in all because there were
three sizes and two censuses—and from each, the fastest 15 species were ex-
tracted. After the rankings were made, five species had their rankings for the
60 cm size cutoff removed because no individuals in the plot were larger than
45 cm dbh (species which had at least one stem above 50 cm kept their ranks
for growth to 60 cm). One other species was removed from the 1982-1985
list because its records for rapid growth were all errors (see below). The re-
maining species were combined into a single list, and this is the group for
which we present detailed data, including mean and accelerated growth (sep-
arate rankings of accelerated growth rates were not made, however). A his-
togram of the mean time to reach the three size cutoffs among the species is
provided as well.

Checking for errors

Screening a large dataset for extreme records tends to concentrate erro-
neous measures, so we were careful to guard against erroneous estimates of
rapid growth. Having two consecutive growth estimates greatly strengthens
our ability to judge the validity of individual records (Condit et al., 1993).
For example, some cases of extreme growth could be judged as obviously in-
valid, such as the (real) case where dbh was recorded at 64 cm in 1982, 45
cm in 1985, then 57 ¢cm in 1990; indeed, we removed one species from the
high-ranking list because all its rapid growth records were erroneous in this
obvious fashion. On the other hand, records where growth rate was very high
in both census intervals were considered legitimate, as the probability of con-
secutive mis-measures would be low (Condit et al., 1993). This allowed us to
conclude that some records of growth above 60 mm year—! were legitimate,
but that there were no clearly legitimate growth rates above 75 mm year—!.
Of course, there were erroneous growth estimates below 75 mm year~!, and
we checked carefully for such errors in data from the top-ranking species.
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Results
The fastest-growing species

Twenty-eight species of trees were included in the list of top ranking growth
rates, representing the top 17.5% of the 160 species analyzed (Table 1). The
fastest-growing tree was the balsa, Ochroma pyramidale, which had the top
rank in four of six categories (Table 1). The other species ranking near the
top were Cavanillesia platanifolia, Trema micrantha, and Zanthoxylum beli-
zense, which each had at least two rankings in the top three; Vochysia ferru-
ginea had the last top rank (Table 1). These were the only five species that
reached any of the dbh cutoffs at a mean rate of better than 1 cm year™!
(Table 1). A few other species achieved 1 cm year~! accelerated growth: Inga
punctata, I. marginata, Ocotea puberula, and Jacaranda copaifera (Figs. 1(B)
and 2(B). Figures 1-3 illustrate complete dbh trajectories for these species
and some of the others with top rankings; Figs. 1 and 2 include both mean
and accelerated trajectories.

Time course of dbh trajectories

Simulated trajectories based on mean growth rates for all 160 species
reached 10 cm dbh in 5-120 years (Fig. 4(A)), with a few species taking
longer (as long as 695 years). The top 15 ranking species required 5-23 years
in 1982-1985 and 7-25 years in 1985-1990 (Table 1). Accelerated growth
for the same 15 species reduced this time to 4-18 years, and again slightly
longer in 1985-1990. To reach 30 cm dbh required 30-250 years for most
species, with the top 15 ranking species requiring 10-67 years at mean growth
and 8-35 years at accelerated growth. Thus the fastest-growing species reached
both 10 and 30 cm averaging well over 1 cm year~!, but the 15th ranking
species averaged about 4 mm year~!.

To reach 60 cm, most species needed 70-400 years at mean growth (Fig.
4(C)). The fastest growing species required 60 years when 1985-1990 data
were used (Vochysia), but 32 years with 1982-1985 data (7rema, see Table
1). (Ranks 1 and 2 are missing from 1982-1985 data because these two spe-
cies were dropped from the 60 cm list.) The same two species reached 60 cm
in 39 years and 19 years, respectively, at accelerated growth. The 15th ranking
species required 85-111 years to reach 60 cm dbh with mean growth (Table
1), or 45-69 years at accelerated growth.

Form of dbh trajectories

Some trajectories indicated growth rates that decreased with age, for ex-
ample, Cecropia obtusifolia and Cavanillesia with 1982-1985 data (Fig.
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Fig. 1. Simulated dbh trajectories of the five fastest species to reach 10 cm dbh and 30 cm dbh;
seven species are shown because two of the fastest to reach 10 cm were not among the top five
toreach 30 cm. (A) Based on 1985-1990 mean growth curves. (B) Based on 1985-1990 accel-
erated growth curves. Tr, Trema; Och, Ochroma; Cav, Cavanillesia, Zan, Zanthoxylum; Inga
pu, I punctata, Laf, Lafoensia punicifolia; Cec, Cecropia obtusifolia.

3(A)), or Ochroma, Trema, Zanthoxylum, C. obtusifolia and Lafoensia in
1985-1990 (Fig. 1). Others showed growth rates that increased with age, such
as Ocotea puberula (Figs. 2 and 3). In some cases, changes in growth rate
were so slight that trajectories were essentially a straight line, and other tra-
jectories had a slight sigmoid shape, with initially increasing then subse-
quently decreasing growth (7Trema in Fig. 1, for example). The form of a
growth curve for a given species was not consistent between census periods;
- for example, several species that had accelerating growth trajectories in 1982—
1985 had sigmoid curves in 1985-1990. However, trajectories based on ac-
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1985-1990 mean growth curves. (B) Based on 1985-1990 accelerated growth curves. Cav, Ca-
vanillesia; Voch, Vochysia ferruginea, Inga ma, 1. marginata; Jaca, Jacaranda, Oco, Ocotea

puberula.

celerated growth rates had the same form as those based on mean growth
(Figs. 1 and 2). Raw growth rates in two size classes (1-10 cm dbh and 10
cm dbh or more) for all 28 of the fast-growing species are provided in Table
2; mean, median, and maximum growth rates along with sample sizes are

listed.

Fit of the regressions

For species with reasonably large sample sizes, regression curves fitted the
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growth data very well (Figs. 5(A) and 5(B) ). In some cases, #2 was very low,
but this reflected variation in growth within dbh classes, not a failure of the
curves to match the data (parameters for the regressions are given in Table
1). Data from Ocotea oblonga illustrate this well: r? was essentially zero (Fig.
5(B); Table 1), but the fitted curve matched the mean growth rate closely at
all sizes. The fit for Zanthoxylum was equally good (Fig. 5(A)). Trema mi-
crantha (Fig. 5(C)) illustrates the fit for a fast-growing but rare species. The
regression curves fit the data well, but the curves for the two different cen-
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suses had very different forms, largely as a result of the lack of any plants of
less than 3 cm dbh in 1985. Despite the difference, the projected growth tra-
jectories for the two census intervals were similar (Table 1).

The regression technique did yield a few aberrant dbh trajectories. Indica-
tions of peculiar fits can be seen in cases where 1982-1985 data and 1985-
1990 data predicted vastly different ages at a given size, but where growth
rates (Table 2) were not so different in the two census periods. The clearest
examples were Lafoensia and its time to reach 60 cm dbh, and Spondias and
its time to 30 cm and 60 cm. In these cases, data were lacking over interme-
diate sizes, and the fitted curves interpolated very differently in the two cen-
sus periods. Other than these few cases, the polynomial fits were good; growth
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Fig. 5. Samples of fitted growth curves from three species. Each point represents growth rate of
a single stem during one census interval. The lower curve in each figure is the quadratic regres-
sion fit to the data. The upper curve is the quadratic regression fit to the residuals above the
mean (see text). (A) Zanthoxylum belizense, 1985-1990 data. (B) Ocotea oblonga, 1982~
1985 data. The points on the horizontal axis represent multiple records; for example, 18 trees
had dbh 1 and growth 0.0, and 14 had dbh 1.5 and growth 0.0. This is why the regression curve
is nearly flat and the 72 near zero. (C) Trema micrantha; 1982-1985 data shown by open circles
and solid lines, 1985-1990 data by closed circles and dashed lines.

rates as judged by trajectories in Table 1 were in reasonable accord with raw
growth rates as given in Table 2.

Error checking

For species with moderate sample sizes, we did not check all individual
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records because one or two invalid estimates would not alter estimates much.
For example, in Zanthoxylum, the fastest-growing stem above 30 cm dbh was
an invalid record: its dbh in three censuses was recorded at 36, then 60, then
38 cm. However, removing it changed the regression parameters by less than
2%.

For species with smaller sample sizes, however, one or a few invalid esti-
mates could lead to highly aberrant results. Indeed, we deleted one species
from the list of top ranks after checking individual records. This was Tetra-
thylacium johansenii, a tree that often produces sprouts at the base of the
trunk that can make dbh estimates problematic. All eight trees above 40 cm
dbh in this species had measurement problems; for example, one was re-
corded at 47, 36, then 48 cm in consecutive censuses, another at 42, 52, then
37 cm. Its rapid growth was entirely an artifact.

The other fast-growing species which had small samples, however, proved
to have valid dbh measures that justified their growth estimates. All Ochroma
stems grew rapidly: one was 4 cm in 1982, 20 cm in 1985, then 34 cm in 1990,
and another was 14, 28, then 40 cm. In Cavanillesia, among stems of less than
50 cm dbh there were several seemingly valid estimates of rapid growth: one
stem was 6 cm, 16 cm, then 24 cm in the three censuses, and one was 13, 20,
then 34 cm. Likewise, Trema had many valid records of fast growth: for ex-
ample, one stem was 30, 43, then 51 cm and one was 15, 19, then 30 cm. Most
remarkably, one Trema stem was less than 1 cm (not included in the census)
in 1982, 7cmin 1985, then 32 cm in 1990; this was the most extreme increase
in dbh we noted over the 8 year census period.

Discussion

The large dataset from the 50 ha mapped plot in Panama has allowed us to
estimate growth rates for 160 species of trees. We used a straightforward tech-
nique for collapsing estimates of dbh increment into a single growth trajec-
tory for each species, and from this identified the 28 fastest-growing species
in the 50 ha plot. Although a few problems appeared in the data analysis,
including erroneous dbh measures and faulty curve fits, on balance the tech-
nique gave reliable predictions about lifetime growth histories of a substantial
number of tropical tree species. Few research programs have developed growth
estimates for anywhere near 160 species of tropical trees, let alone in only 8
years.

At the fastest growth rates we documented, a handful of species reached 10
cm dbh in 5-12 years, 30 cm dbh in 15-25 years, and 60 cm in 30-45 years.
These figures do not match growth of some plantation species, such as Gme-
lina arborea, Leucaena spp., Acacia spp., or Pinus caribaea, which can main-
tain growth of 3-5 cm year~' (C.A. Gomez et al., unpublished work, 1987;
Hechavarria and Mercadet, 1988; MacDicken and Brewbaker, 1988; Hugh-
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ell, 1991; Panitz and Yaacob, 1992), but growth of the few fastest individuals
of Ochroma and Trema in the plot approached these rates. Of course, we an-
ticipate that the tree species we analyzed would perform better in plantation
than in forest, and some data bear this out. Vochysia ferruginea grew initially
at 24 mm year~! in dbh and Cordia alliodora at 50 mm year~! in plantations
in Costa Rica (Heuveldop et al., 1985; Espinoza and Butterfield, 1992); both
figures are much higher than those we documented at small sizes in the 50 ha
plot. On the other hand, Guazuma ulmifolia grew no better in plantations
than it did in the forest: 2-4 mm year~' in smaller trees (Centro Agronémico
Tropical de Investigacion y Ensefianza (CATIE), 1986).

Not surprisingly, many of the fast-growing trees we identified are pioneer
species. Indeed, 10 of the 28 species shown in Table 1 are common roadside
trees of the region (Annona, Apeiba, both Cecropia species, Cordia, Gua-
zuma, Ochroma, Pseudobombax, Spondias, and Vochysia). Welden et al.
(1991) published an index of ‘pioneerness’ in the 50 ha plot—the fraction of
recruits in light gaps—and this can be used as an objective assessment of the
pioneer status of the species we identified. Welden et al. (1991) gave an index
for 12 of the 28 species listed in Table 1. Seven had indices above 50, indicat-
ing recruitment strongly biased toward light gaps (both Cecropia species,
Cordia, Inga cocleensis, Jacaranda, Spondias, and Zanthoxylum), one had a
moderately high index of 33 (Solanum), but four species had indices close to
the mean for the whole plot (both Ocotea species, Inga marginata, and Si-
marouba). Interestingly, these last four were among the species with slow
growth early, but rapidly accelerating growth trajectories as they aged, con-
firming the notion that these are not pioneer species, as pioneers, by defini-
tion, have rapid early growth.

Some of the species listed in Table 1 have already been recognized for their
rapid growth and tested in plantation. The balsa (Ochroma) was once studied
in considerable detail because of its commercial value (Fletcher, 1951), and
its rapid growth has been the subject of much attention (Whitmore and Gong,
1983). Espinoza and Butterfield (1992) worked with Vochysia in planta-
tions; Cordia is one of the few native trees widely planted in plantations in
Latin America (Heuveldop et al., 1985; Nichols and Gonzélez, 1991); Gua-
zuma, Inga spectabilis, and Jacaranda have received attention from forestry
agencies (Hornick et al., 1984; CATIE, 1986; Nichols and Gonzilez, 1991).
Richards (1952) noted examples of rapid growth in Ceiba pentandra.

Many of the species in Table 1, however, have not yet been recognized for
their rapid growth and have not received attention in management circles. Of
particular interest are the Ocotea species, which perform well at larger sizes
and which have a congener with considerable timber value (the greenheart,
Ocotea rodiaei, Fanshawe, 1948; Ter Steege, 1990). Zanthoxylum, Trema,
Hampea, Lafoensia, Pourouma, and Turpinia are rapidly growing species
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which, at least to our knowledge, have not been tested in reforestation trials.
These species all warrant further consideration for their potential in attempts
to reforest degraded soils.

One reason for the very high mean growth rates in these species may be that
their stems occur only in open areas, under optimum light. For example, the
few Ochroma stems in the 50 ha plot probably achieved such extraordinarily
high mean growth simply because they are all in large canopy gaps; stems in
shade do not survive. Many shade-tolerant species are probably capable of
rapid growth, but their mean growth rates are low because most stems are in
the shade. Condit et al. (1993) showed high variation in growth rates for one
shade-tolerant species in the plot, Prioria copaifera. In fact, the maximum
growth rates for Prioria, which were 20-40 mm year~!, matched those for
many species shown in Table 2 (but not the very fastest, such as Ochroma
and Trema), and Ashton and Hall (1993) found in some Malaysian forests a
guild of emergent, climax species capable of very rapid growth. Thus, there
may be other species in the 50 ha plot that would respond with excellent growth
in managed settings.

Our goal has been to identify a number of species with demonstrably high
growth rates. Further experimentation with these species should be carried
out to determine their economic and ecological value to forest managers. We
recommend that they be tested for their usefulness in plantation forestry and
their ability to recoup degraded soils and initiate the regeneration of forest
cover—tests that would not take much time or many resources ( Espinoza and
Butterfield, 1992). Of course, attention should not be restricted to the fastest-
growing species; other species may prove valuable as well. In certain situa-
tions where rapid growth is at a premium, however, it would be highly advis-
able to begin by testing species with proven growth records.
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