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6.1 Introduction 

Mortality, recruitment and growth of trees in natural conditions determine 
the dynamics of tropical rain forest (Putz et al. 1983; Swaine and 
Lieberman 1987; Swaine et al. 1987; Lieberman et al. 1990; Korning and 
Balslev 1994; Manokaran and Swaine 1994; Phillips et al. 1994; Kenneth 
1995; Condit 1998). These processes directly affect the nutrient cycling, 
structure and composition of the forest. Measurements of their rates are 
indispensable for understanding the functioning and productivity of the 
forests (Chao et al. 2008). Long-term demographic data obtained through 
repeated censuses of vegetation in permanent plots provide valuable 
information for efficient management strategies, which seek a balance 
between use and conservation of tropical forests (Manokaran and Swaine 
1994; Condit 1998). 

It is widely recognized that the Amazon rainforest belongs to the largest 
and most diverse forests of the world. Marked gradients have been 
detected in the diversity, biomass, wood density, productivity and 
mortality of the forests in this region (Lewis et al. 2004a; ter Steege et al. 
2006). Although mortality patterns are increasingly based on comparative 
studies from wide areas (Lewis et al. 2004a), it is still needed to study the 
local variation of the mechanisms that control tree death, particularly in the 
highly variable environmental setting of Colombian Amazonia 
(Duivenvoorden and Duque 2010). In addition, the information on the 
Colombian fraction of permanent forest plots is quite low (Phillips et al. 
2004). 

Previous studies based on scattered permanent plots have shown that both 
mortality and growth rates are lower in eastern Amazonian and higher in 
western Amazonia (Chao et al. 2008). These trends are parallel to patterns 
in wood density, species diversity, and species composition along geologic 
gradients from poor soils in the Guiana Shield towards soils enriched with 
sediments of Andean origin in upper Amazonia. Possibly the species 
composition itself may be the determining factor in forest dynamics (Chao 
et al. 2008). 

In this chapter quantitative data are provided on mortality and recruitment 
rates, and on the diameter increment of trees in an upland forest and a 
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floodplain forest located in the heart of Colombian Amazonia. The data 
were obtained in two permanent plots near Araracuara and include the 
information available to date on periods close to a decade (between 8.6-9.6 
years) from relatively large plots (1.8 ha) in the Colombian Amazon. 
Previously, only preliminary and fragmentary data were available in this 
region (Londoño and Jiménez 1999). The plots were established in the late 
eighties of the past century and are located in an upland unit with well-
drained soils (upland or tierra firme plot) and in the floodplain of the 
Caquetá River (hereafter called floodplain or várzea forest). 

The primary objective of this chapter is to analyze the patterns in 
mortality, recruitment and diameter increment in these two permanent 
plots near Peña Roja. 

6.2 Mortality and recruitment 

Tree mortality is a complex process that controls the density of trees in the 
forest (Carey et al. 1994; Manokaran and Swaine 1994). Tree death occurs 
at different levels of intensity, space and time, reflecting endogenous 
processes (e.g. aging) and exogenous disturbances, which involve the 
severity, frequency, duration, timescale and interaction with the ecosystem 
(Lugo and Scatena 1996). Normal or background mortality rates are 
usually below 5% per year, and may range by several orders of magnitude. 
This mortality tends to take place at local scales and often occurs gradually 
(e.g. the slow death of one single tree) and tends to increase with tree 
density (number of individuals per unit area) (Lewis et al. 2004b). 
Contrary, catastrophic mortality (> 5% per year) takes place during 
massive and often quite sudden events (e.g. by wind throw) (Nelson et al. 
1994). These two kinds of mortality have a different effect on the 
succession that follows death events (Swaine et al. 1987; Matelson et al. 
1995; Lugo and Scatena 1996). 

Usually it is difficult to determine the cause of death of an individual tree, 
and often several causes act in combination (Lugo and Scatena 1996; 
D'Angelo et al. 2004). To quantify tree mortality, types of death can be 
defined based on direct field inspections of the remains of the tree after its 
death (Gale and Barfod 1999). The type of death determines how the forest 
canopy is opened (Hallé et al. 1978; Hartshorn 1990b) and defines how the 
forest responds regarding species composition (Denslow 1987), diversity 
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(Brünig and Huang 1990; Hartshorn 1990a) and forest structure (Hubbell 
and Foster 1986; Swaine 1990). Different types of death create variation in 
gaps (Clark 1990; Carey et al. 1994) and in the regeneration opportunities 
for the forest (Hartshorn 1990a; Orians 1982; Negrelle 1995). 

 

  
Figure 6-1. Types of tree death. Left: standing dead; middle: snapped 
trunk; right: uprooted. 

Three types of death are often distinguished (Fig. 6-1) to quantify forest 
dynamics: uprooted tree, snapped trunk, and standing (or upright) death 
(Rankin de Merona et al. 1990; Gale 1997; D'Angelo et al. 2004). For the 
uprooted tree, the immediate causes of death are often physical (such as 
strong wind, heavy rain, shallow soils, steep slope and the fall of trees 
interconnected by lianas; D'Angelo et al. 2004), or sometimes biotic (root 
rot). Death in snapped trunks is mainly attributed to attacks by fungi and 
insects, the effect of which may depend on wood density (Putz et al. 
1983). Standing or upright death is mostly due to senility, disease and 
pathogen attack, along with shading by other trees (Oldeman 1990b). Light 
and drought are the principal abiotic factors associated with upright death. 

Recruitment is a manifestation of species fecundity, seed dispersal (Clark 
et al. 1999) as well as growth and survival of juveniles in a population 
(Swaine et al. 1987). Although in most reports on tropical forests 
recruitment is closely linked to mortality, which leads to more or less 
constant densities of trees with a certain size, the relationship between 
these two opposing processes may be weak for short periods of time or at 
small spatial scales (Swaine et al. 1987). 
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6.3 Methods 

Study area and data collection 

Details of the study area and design of the permanent plots are given in 
Chapter 2. In each plot, all trees, tree ferns, palms and lianas with DBH ≥ 
10 cm were numbered, tagged and mapped to the nearest 0.5 m. Standard 
voucher collections were taken to identify species (Londoño and Álvarez 
1997). Subsequently, each tagged individual was measured for DBH to the 
nearest 0.5 mm, at a standard height of 1.3 m above the soil, or above this 
level in case of buttresses, silt roots or other irregularities at the trunk, 
using a standard diameter tape. During the establishment of the plot a 
subset of individuals was randomly chosen to measure the total height 
(Ht), height of the trunk (Hb), and two perpendicular crown projections 
(CD), both with a precision of 0.1 m, using a Blume-Leiss type 
hypsometer and metrical tape, respectively. During the last census all 
surviving individuals were measured for Ht, Hb CD, as well as other 
crown indices, using a simplification of methods derived from Dawkins 
(1958) and Dubois (1980). Following standard procedures, the position of 
the measurement was marked by bright coloured ring (orange or yellow) 
painted on the bark (Synnott 1979; Vallejo et al. 2005), also registering if 
the trunks were alive but damaged, such as leaned or broken.  

The establishment and first survey of the upland plot took place in 
September 1989 (1 ha). The floodplain plot was set-up and surveyed in 
September 1990 (1.8 ha). Initially, the upland plot had a size of 1 ha (100 
m x 100 m). Extra area was added during September 1990 to obtain a total 
plot size of 120 m x 150 m (1.8 ha). Therefore, the first measurement (re-
census), which was carried out in September 1990, was done for 1.0 ha 
only (the area installed one year earlier; Table 2-1). This implies that the 
results of forest dynamics in both upland and floodplain plot are presented 
regarding a plot size of 1.8 ha, except for the first measurement period of 
the upland plot. In December 1993 (upland plot) and January 1994 
(floodplain plot) re-censuses were done. Subsequent recensuses were done 
in December 1997 (upland plot) and in April 1999 (floodplain plot). 
Finally, in the upland plot an extra evaluation was done regarding 
mortality and recruitment in March 1999. This yields a total survey period 
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of 9.58 years (115 months) in the upland plot and 8.58 years (103 months) 
in the floodplain plot.  

During the second and posterior censuses, all previously marked 
individuals were checked and verified if they were or alive or dead. If alive 
they were checked for damage, such as broken or leaning crown, or 
leaning or broken trunks. If they were dead, the type of death was recorded 
based on the observation of the type of debris or remains (Fig. 6-1), using 
the following categories (Rankin de Merona et al. 1990; Gale 1997): A) 
Standing of upright death. This occurred when the dead tree was still 
standing without clear signs of having been broken or uprooted. In such 
cases, the tree crown was still largely present in situ but fragments of 
fallen branches were often observed lying around the dead trunk; B) 
Snapped trunk. This occurred when a substantial stump of the trunk was 
still standing whereas another part of trunk was found fragmented on the 
forest floor. Usually these trunk fragments were oriented in a particular 
direction, except when the tree suffered death at an event in which 
participated several trees simultaneously; C) Uprooted. This mode of death 
was recorded when the trunk was found lying on the forest floor with the 
roots exposed and lifted; D) Decomposed. This mode of death was 
recorded when trees had disappeared completely leaving no trace at all. 
Such trunks were assumed to have died and completely decomposed; E) 
Other. This mode referred to the few events in which fragments were 
found in a decomposed state that could not be assigned to any of the 
aforementioned types of death. 

Following standard procedures (Synnott 1979, 1991; Condit 1998; Vallejo 
et al. 2005) recruits were defined as those individuals that reached the 
minimal surveying size of DBH = 10 cm after the former census. Recruits 
were localized, numbered, tagged, mapped, identified, and measured 
exactly as was done with the individuals during the initial inventory of the 
plots. More information regarding sampling procedures is in Chapter 2. 
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Figure 6-2. Synthesis of forest dynamics in profile diagrams for the upland 
(tierra firme) and the floodplain (várzea) plots in Peña Roja. Shown are 
cross sections and projections on the soil surface. Upper diagram: upland 
plot. The dotted lines indicate the trees in the back. Lower diagrams: 
floodplain plot. 

Data processing 

The results are presented for each growth habit separately, and for the 
whole forest, considering dicot trees (trees sensu stricto without palms or 
lianas), palms and lianas. Tree palms do not have vascular cambium and 
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cannot show diameter increments. Therefore, for diameter increments or 
growth (in basal area or biomass) we present results only for trees sensu 
stricto. Species importance values were defined according to Curtis and 
McIntosh (1951). Family importance values were calculated following 
Mori et al. (1983). Both indiced were calculated applying biomass instead 
of basal area. 

In most demographic studies the fluxes out (mortality) and the fluxes in 
(recruitment) are quantified to measure the population changes over time. 
We applied a simple exponential model to calculate annual mortality (λ) 
(Sheil et al. 1995) and extended the same calculation to recruitment (κ).  

For mortality (λ), we used: 

λ = [ln N0 – ln (N0 – Dt)] x 100 / t (6-1) 

where: λ = exponential mortality coefficient (in percentage per year; λ > 
0); N0 = initial number of alive individuals in the inventory; Dt = number 
of dead individuals during the interval of time t; t = time interval between 
censuses in years. The same equation was used to calculate mortality for 
basal area (λBA) and biomass (λw).  

For recruitment (κ), we used a similar procedure considering an increase of 
the initial population, so equation 6-1 becomes:  

κ = [ln (N0 +Rt) – ln (N0)] x 100 / t (6-2) 

where: κ = exponential recruitment coefficient (in percentage per year; κ > 
0), and Rt = number of recruits during the interval of time t. 

In quantifying mortality, only the losses of the initial population were 
considered. Likewise, to calculate the exponential coefficient of 
recruitment only the increment in individuals with respect to the initial 
population was taken into account. Therefore, the calculation of 
recruitment presented here differs from that used by Lewis et al. (2004a). 

Three different variables of the vegetation were used to quantify mortality 
and recruitment rates, and to evaluate the types of death: i) Density, 
expressed as number or individuals (NI); ii) Basal area (BA, in m2) or the 
area covered by the transversal section of the trunk; and iii) Biomass (W, 
kg of dry matter), representing the above-ground biomass which was 
estimated using regression models, locally defined for each forest type, 
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growth habit or form (Rodríguez 1991; Álvarez 1993; Londoño and 
Álvarez 1993).  

To calculate recruitment rates in terms of basal area and biomass 
(Equation 6-3 and Equation 6-4), the final population was adjusted as the 
sum of the original population plus the recruits, adding the increment 
obtained during the lapse of time, either in basal area or biomass, as 
follows: 

κAB = [ln (AB0 +RABt + ΔABt) – ln (AB0)] x t / 100 (6-3) 

where, κAB = coefficient of exponential recruitment in basal area; AB0 = 
basal area of the initial population (m2); RABt = basal area of the recruited 
stems (m2); ΔABt = basal area increment or growth of the initial 
population (m2).  

Similarly, biomass recruitment or κW was calculated based on dry, aerial 
biomass changes of the initial population:  

κW = [ln (W0 +RWt + ΔWt) – ln (W0)] x t / 100 (6-4) 

where κW = coefficient of exponential biomass recruitment; W0, = initial 
biomass (Kg); RWt = biomass of the recruited stems (Kg); ΔWt = biomass 
increment of the growth of initial population (Kg). 

Annual diameter increment was calculated as follows: 

ADI = DBH1 – DBH0 / (t1 – t0)  (6-5) 

where ADI = annual diametric increment (cm per year), DBH0 = DBH at 
the start of the time interval (t0), and DBH1 = DBH at the end period of the 
time interval (t1). The time interval (t1 – t0) is expressed in years. Records 
of ADI < -0.2 cm per year and ADI > 4 cm per year were excluded as 
these might be the result of measurement errors (Sheil et al. 1995; Chao et 
al. 2008).  

Finally, following standards methods (Oldeman et al. 2006), a drawing 
was made of a forest transect of 10 m x 100 m in each plot. In these, all 
plants with DBH ≥ 10 cm were included (trees, palms, lianas), taking into 
account their spatial coordinates, DBH, total height, trunk height, and 
crown size measured in two perpendicular directions. 



 120 

Table 6-1. Summary of floristic composition and structure of the 
vegetation with DBH ≥ 10 cm (1.8 ha), in the upland plot and the 
floodplain plot at Peña Roja, Colombian Amazonia. 

 Trees Palms Lianas Total 
Upland (tierra firme)a     

Species 257 2 4 263 
Families 40 1 4 44 
Density (individuals) 1455 30 4 1489 
Basal area (m2) 56.47 0.44 0.05 56.96 
Biomassb (ton) 635.64c 2.00d 0.80e 638.43 
Diameter (cm) (mean ± one SD) 19.2 ± 11.24 13.6 ± 1.91 12.3 ± 0.90 19.0 ± 11.2 
Diameter (cm) (min – max) 10.0 – 87.4 10.1 – 16.8 11.1 – 13.2 10.0 – 87.4 
Total height (m) (mean ± one 
SD) 

20.2 ± 5.3 16.2 ± 3.7 27.2 ± 4.7 20.1 ± 5.3 

Total height (m) (min – max) 6.5 – 37.7 10.0 – 25.8 21.0 – 27.2 6.5 – 37.7 
Annual growth DBH (cm per 
year) (mean ± one SD) 

0.13 ± 0.14    

Annual growth DBH (cm per 
year) (min – max) 

-0.13 – 0.13    

Floodplain (várzea)a     
Species 182 3 15 200 
Families 40 1 11 45 
Density (individuals or stems) 1051 104 25 1180 
Basal area (m2) 39.55 1.59 0.48 41.62 
Biomassb (ton) 421.3f 7.59d 56.9e 435.8 
Diameter (cm) (mean) 18.94  13.75 14.49 18.49  
Diameter (cm) (min – max) 10.0– 90.2 10.2 – 25.1 10.0 – 38.0 10.0 – 90.2 
Total height (m) (mean) 16.0 13.8 27.5 16.0 
Total height (m) (min – max) 1.0 – 40.7 4.0 – 29.0 16.0 – 35.0 1.0 – 40.7 
Annual growth DBH (cm per 
year) (mean ± one SD) 

0.22 ± 0.31    

Annual growth DBH (cm per 
year) (min – max) 

-0.18 – 2.53    

aData from final inventories (TF 1997, VA 1999) bBiomass (Y, dry weight in kg), 
calculated by regression (DBH in cm), as follows: cTrees Upland: ln(Y) = -1.6028 + 
2.4242 * ln(DBH), r2 = 0.98 (Rodríguez 1991); dPalms Upland and Floodplain: ln(Y) 
= -3.956 + 1.553 * ln(DBH2), r2 = 0.96 (Álvarez 1993); eLianas Upland and 
Floodplain: ln(Y) = 0.330 + 0.987 * ln(DBH2), r2 = 0.84 (Álvarez 1993); fTrees 
Floodplain: ln(Y) = -2.034 + 1.253 * ln(DBH2) r2 = 0.97, for trees with DBH between 
10 cm and 130 cm (Álvarez 1993). Biomass of strangling figs calculated as trees. 
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6.4 Results 

Initial family composition and structure 

A summary of the main aspects of forest composition and structure is 
presented in Table 6-1 (Londoño 1993; Londoño and Álvarez 1997). The 
species richness was higher in the upland than in the floodplain plot. The 
latter plot contained a slightly higher number of families. In the floodplain 
forest palms and lianas were relatively abundant and diverse, and also 
showed a comparatively high basal area. In the upland plot the density, 
basal area and biomass of the dicotyledonous trees were comparatively 
high.  

The tree crowns of the largest trees were more connected to each other in 
the upland plot than in the floodplain plot (Fig. 6-2). In the upland plot 
crown diameters ranged between 0.6 m and 23.3 m, and showed an 
average of 5.5 m. The thickest tree in this permanent plot had a DBH of 
87.4 cm (measured above the buttresses) and belonged to Pseudomonotes 
tropenbosii. In the immediate surroundings of the upland plot individuals 
with DBH up to 100 cm were seen of this species. The tree height recorded 
in upland plot varied between 6.5 m and 37.7 m. The largest trees (canopy 
height > 35 m) belonged to Caryocar gracile, Erisma splendens, 
Cariniana decandra, Pouteria CL-1017, Aspidosperma excelsum, 
Eschweilera punctata, Monopteryx uaucu and Pseudomonotes tropenbosii. 
The latter three species showed crown diameters between 11.6 and 23.3 m. 
Trees from Cariniana decandra and Pseudomonotes tropenbosii were 
found with the highest biomass (9.1 and 10.2 ton per tree, respectively).  

In the floodplain plot, the thickest tree belonged to Parkia multijuga (DBH 
= 90.2 cm). In the direct surroundings of the plot trees with a DBH up to 
130 cm were observed (Londoño 1993). The crown diameter of the trees 
varied between 0.30 m and 27.0 m (average of 5.5 m), and the largest 
crown was from a tree of Hyeronima alchorneoides (27.6 m x 26.2 m) The 
trees showed a height between 1.0 and 40.7 m; trees from Parkia 
multijuga and Pseudolmedia laevis were highest (height > 40 m). The 
heaviest trees showed a biomass of 8.0 and 9.3 ton per tree and belonged 
to Campsiandra angustifolia and Parkia multijuga, respectively. 
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In trunk density, the diameter distributions showed an inverse-J shape, 
which is characteristic for humid lowland forests of mixed species 
composition (Fig. 6-3). In the floodplain plot the proportion of thin stems 
(10 ≤ DBH < 20 cm) was slightly higher than in the upland plots, and this 
tendency was also visible in the basal area and the biomass (Fig. 6-3 left). 
Large trees (DBH ≥ 60 cm) were rare in both plots, and contribute 
similarly in basal area and biomass. 

Table 6-2. Trunk density (NI) and importance values (IVI) for the ten most 
important species in the upland and floodplain plot during three censuses. 

Upland NI  IVI (%) 
 1990 1993 1997  1990 1993 1997 
Pseudomonotes tropenbosii 66 69 70  8.44 8.66 8.66 
Monopteryx uaucu 43 43 44  5.07 5.13 5.26 
Eschweilera laevicarpa 80 78 79  4.50 4.40 4.46 
Eschweilera punctata 58 58 57  4.07 4.10 4.11 
Eschweilera ovalifolia 62 61 60  3.58 3.55 3.51 
Eschweilera parvifolia 58 59 58  3.15 3.21 3.21 
Scleronema micranthum 30 31 32  2.27 2.34 2.44 
Aspidosperma excelsum 11 10 10  2.00 1.98 2.00 
Erisma splendens 20 20 20  1.84 1.85 1.87 
Brosimum rubescens 29 29 28  1.81 1.82 1.79 
All species 1504 1505 1489  100 100 100 
        
Floodplain  NI  IVI (%) 
 1990 1994 1999  1990 1994 1999 
Brownea macrophylla 170 172 170  9.68 9.31 9.66 
Astrocaryum sciophilum 75 75 63  4.18 3.97 3.75 
Hyeronima alchorneoides 28 29 25  3.77 3.73 3.37 
Eschweilera andina 29 29 28  3.10 3.02 3.05 
Inga EA-397 31 34 26  2.48 2.64 2.32 
Campsiandra angustifolia 19 19 19  2.44 2.33 2.48 
Sterculia apeibophylla 13 14 13  2.36 2.31 1.94 
Zygia latifolia 32 34 43  2.32 2.32 2.93 
Pachira insignis 23 23 21  2.21 2.13 2.11 
Euterpe precatoria 37 39 37  2.08 2.07 2.18 
All species  1207 1268 1180  100 100 100 
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Figure 6-3. Diameter distribution regarding trunk density, basal area and 
biomass at the 1990 census (diagrams left) and regarding the mortality 
(over a cumulative census period of 8.6 y) in trunks, basal area and 
biomass (diagrams right). Light-grey colums are from the upland plot and 
dark-grey columns from the floodplain plot. The diameter class width is 10 
cm (the centre of the class is indicated). 

The ten most important species in the upland and floodplain plots are 
listed in Table 6-2 (see also Appendix 3). Overall, the rankings of the 
species based on their importance values did not change between the 
various censuses (1990-1997 in the upland plot and 1990-1999 in the 
floodplain plot) despite slight differences in species composition due to 
tree mortality and recruitment. In the upland plot Lecythidaceae, Fabaceae, 
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Sapotaceae, Lauraceae, Dipterocarpaceae, Vochysiaceae, Burseraceae, 
Apocynaceae, Chrysobalanaceae and Myristicaceae were the most 
important families (Fig. 6-4; Appendix 4). In the floodplain plot, important 
families were Caesalpiniaceae, Mimosaceae, Euphorbiaceae, Fabaceae, 
Sapotaceae, Lecythidaceae, Rubiaceae, Arecaceae, Annonaceae and 
Chrysobalanaceae. In both plots, Leguminosae was most important if 
Fabaceae, Mimosaceae and Caesalpiniaceae were combined into this 
family. 

Mortality 

In the upland plot, for the cumulative period of 1990 to 1999 (8.6 y) 131 
trees died (8.7% of the initial population), which corresponded to 15 dead 
trunks per year on average (Table 6-3). Over that same time lapse, 191 
trunks died in the floodplain plot (16% of the initial population), 
corresponding to a mean of 22 dead individuals per year. Thus, if mortality 
was based on the number of dying trunks, the upland plot yielded a rate 
almost two times as low as recorded in the floodplain plot (λ = 1.06 versus 
λ = 2.0, respectively, over 8.6 y). In terms of basal area and biomass, the 
discrepancies in mortality rates between the floodplain and upland plot 
were even more pronounced. For both basal area and biomass negative 
mortality rates were found, over certain time lapses. In these cases the 
diameter increment of the living trunks yielded an increase in basal area 
and biomass, which surpassed their loss through trunk death. This implied 
that the forests showed a net increment in basal area and biomass over 
these periods.  

Most of the mortality affected relatively thin stems (Figure 6-3 right). For 
the cumulative censuses period of 8.6 y, 73% of the dead trees in the 
upland plot had DBH < 20 cm (for basal area this percentage was 35% and 
for biomass 27%). In the floodplain plot these percentages were 73%, 
29%, and 21%, respectively. Using basal area or biomass, mortality was 
more evenly spread over the diameter classes, especially in the floodplain 
plot. Large trees contributed substantially to the mortality rates calculated 
for basal area and biomass. 
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Figure 6-4. Family importance index (%) in the upland (left) and 
floodplain (right) plots. NI% = relative number of individuals; DI% = 
relative number of species; W% = relative above-ground biomass. Data of 
the 1990 census. 

In the upland plot, for the total period of 8.6 y, most death individuals 
were found in Burseraceae (22), followed by Fabaceae (13), Lecythidaceae 
(13), Lauraceae (12) and Sapotaceae (10), together corresponding to 71% 
of lost individuals, 77% of the species that had died, and 77% of the 
biomass of all dead trunks. Dipterocarpaceae, which was only represented 
by one species, contributed to 10% of the mortality in biomass. Species 
that died often were Protium paniculatum (10 trees), Diplotropis martiusii 
(7 trees), Eschweilera parvifolia (5 trees) and Protium hebetatum (5 trees). 
In the same time lapse, in the floodplain plot a high mortality was found 
among trunks from Arecaceae (27), Mimosaceae (21), Rubiaceae (16), 
Euphorbiaceae (14) and Caesalpiniaceae (12). Together these represented 
47% of the dead trunks, 70% of the species that had died, and 36% of the 
biomass of all dead trunks. Astrocaryum sciophilum (16 palms), Brownea 
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macrophylla (10 trees) and Euterpe precatoria (8 palms) died abundantly. 
In both plots most dead trees were from only one individual per species. 

Table 6-3. Mortality and recruitment based on the measurement of 
individuals (NI), basal area (BA) and biomass (W) in the upland and 
floodplain plot at Peña Roja, Colombian Amazonia, for different periods 
of time measured in 1.8 ha. Data from dicot trees, palms and lianas 
combined; DBH ≥ 10 cm).  

 Periods Interval-1 Interval-2 Total 
Upland Period (years of 

census) 
1990-1993 
(3.3) 

1993-1999 
(5.3) 

1990-1999 
(8.6) 

NI 
(individuals) 

Initial NI 1504 1505 1504 

 Dead NI 66 65 131 
 Recruited NI 67 49 116 
 Final NI 1505 1489 1489 
 Mortality λ (% y-1) 1.35 0.84 1.06 
 Recruitment κ (% y-1) 1.31 0.61 0.87 
BA (m2) Periods (years of 

census) 
1990-1993 
(3.3) 

1993-1997 
(4.0) 

1990-1997 
(7.3) 

 Initial BA 55.524 55.877 55.524 
 Dead BA 1.960 2.160 4.191 
 Recruited BA 0.568 0.429 1.080 
 Final BA 55.878 56.963 56.963 
 Growth in BA 1.745 2.816 4.485 
 Mortality λ (% y-1) 0.12 -0.29 -0.07 
 Recruitment κ (% y-1) 1.22 1.41 1.30 
W (ton) Initial W 615.42 621.54 615.42 
 Dead W 19.97 22.08 42.94 
 Recruited W 3.87 2.94 7.51 
 Final W 621.54 638.43 638.43 
 Growth in W 22.21 36.04 57.30 
 Mortality λ (% y-1) -0.11 -0.56 -0.32 
 Recruitment κ (% y-1) 1.25 1.52 1.37 
Floodplain Periods (years of 

census) 
1990-1993 
(3.3) 

1993-1999 
(5.3) 

1990-1999 
(8.6) 

NI 
(individuals) 

Initial NI 1207 1185 1207 

 Dead NI 83 109 191 
 Recruited NI 61 104 164 
 Final NI 1185 1180 1180 



 127 

 Mortality λ (% y-1) 2.14 1.84 2.01 
 Recruitment κ (% y-1) 1.48 1.60 1.48 
BA (m2) Initial BA 40.598 39.653 40.598 
 Dead BA 4.192 3.055 7.113 
 Recruited BA 0.573 1.077 1.974 
 Final BA 39.653 41.622 41.622 
 Growth in BA 2.674 3.947 6.162 
 Mortality λ (% y-1) 1.14 -0.42 0.28 
 Recruitment κ (% y-1) 2.31 2.27 2.13 
W (ton) Initial W 423.77 410.41 423.77 
 Dead W 49.35 29.80 77.68 
 Recruited W 4.88 8.50 16.70 
 Final W 410.41 435.83 435.83 
 Growth in W 31.12 46.72 73.05 
 Mortality λ (% y-1) 1.32 -0.77 0.13 
 Recruitment κ (% y-1) 2.45 2.40 2.24 

Types of death 

In the upland plot more trees died standing than in the floodplain plot 
(Table 6-4). For the total census period (8.6 y) 29% of the trunks died 
standing in the upland plot, and only 17% died as such in the floodplain 
plot. Regarding death by uprooting (tree fall) the results were opposite: in 
the upland plot only 10% of the trunks had died by uprooting (over 8.6 y) 
whereas in the floodplain this proportion was two times higher. All these 
differences between the two plots were more pronounced when mortality 
was calculated for basal area and biomass. Death through snapping trunks 
was the most common mode of death, in both plots. Remarkably, 17% of 
the dead trunks had disappeared entirely in the floodplain plot after 8.6 y, 
against only 2% in the upland plot.  

Recruitment and growth 

Both plots showed different degrees of recruitment during the total interval 
(1990-1999) of 8.6 years (Table 6.3). In terms of individuals the 
recruitment in the upland plot was 7.7% (with respect to initial density, for 
stems ≥ 10 cm), representing a κ of 0.87% per year. In the floodplain plot 
this recruitment was almost two times higher (13.6% representing a κ of 
1.48% per year). A similar between-plot difference was found for 
recruitment in terms of basal area (1.97 m2 and a κAB of 1.30% per year in 
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the floodplain plot versus 1.08 m2 and a κAB of 2.13% per year in the 
upland plot) and biomass (16.7 ton and a κW of 1.37% per year in the 
floodplain plot versus 7.51 ton and a κW of 2.24% per year in the upland 
plot).  

The average annual growth in terms of diameter increment was 0.13 cm 
per year in the upland plot. In the floodplain plot is was almost twice as 
high (0.22 cm per year)(Table 6-5). Thin trees showed a wider range in 
diameter increments than thick trees (Fig. 6-5). In both plots, newly 
recruited individuals showed higher mean and maximum diameter 
increments. In the upland plot, sub-canopy individuals of 10-15 m height 
showed the highest annual diameter increments. In the floodplain, this 
happened with sub-canopy individuals of 15-20 m height. On average, 
however, and in both forests, larger individuals showed a tendency of 
faster annual growth in trunk diameter. 

Of the most important species in the upland plot, Pseudomonotes 
tropenbosii, Monopteryx uaucu, Aspidosperma excelsum and Scleronema 
micranthum showed the highest average annual diameter increments. 
These four species reached the upper canopy. In the floodplain plot, Inga 
EA-397, Hyeronima alchorneoides, Sterculia apeibophylla and 
Eschweilera andina were the fastest growing species on a yearly basis. 
The first species reached the middle part of canopy, and the other three 
were upper canopy species. The dominant species in this forest (Brownea 
macrophylla) showed a mean annual diameter increment of 0.05, which 
represented only 38% of the average of all trunks in the plot.  
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Table 6-4. Modes of death for different census periods in the two plots, in absolute values and in proportion to the first 
census (three columns at the right). NI = number of trunks, BA = basal area, W = biomass. 

Upland 1990-1993  1993-1997  1997-1999  1990-1999 
 NI BA (m2) W (ton)  NI BA (m2) W (ton)  NI BA (m2) W (ton)  NI (%) BA (%) W (%) 
Uprooted 5 0.19 1.8  8 0.35 4.1  1 0.04 0.3  10.0 13.1 14.2 
Snapped 32 0.96 9.7  43 1.13 10.7  8 0.16 1.4  59.3 52.3 49.8 
Standing 27 0.79 8.2  13 0.67 7.2  0 0 0  28.6 33.7 35.3 
Decomposed 2 0.03 0.2  1 0.02 0.1  0 0 0  2.1 1.0 0.7 
Other 0 0 0  0 0 0  0 0 0  0 0 0 
Total 66 2.0 20.0  65 2.2 22.1  9 0.2 1.7  100 100 100 
                
Floodplain 1990-1994  1994-1999      1990-1999 
 NI BA (m2) W (ton)  NI BA (m2) W (ton)      NI (%) BA (%) W (%) 
Uprooted 19 1.2 14.0  19 0.8 8.4      19.8 27.9 28.3 
Snapped 39 2.6 32.0  43 1.2 12.5      42.7 53.3 56.2 
Standing 13 0.2 2.1  20 0.6 5.7      17.2 11.2 9.8 
Decomposed 12 0.2 1.4  20 0.3 2.5      16.7 6.3 4.9 
Other 0 0 0  7 0.1 0.7      3.7 1.2 0.9 
Total 83 4.2 49.4  109 3.1 29.8      100 100 100 
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Table 6-5. Annual diameter increment (cm per year) for in the upland and 
floodplain plots in Peña Roja (all data from individuals with DBH ≥ 10 
cm, found in 1.8 ha). 

 Annual diameter increment (cm per year) 
 Maximum Minimum Mean ± one 

SD 
Upland (1990-1997)    
Pseudomonotes tropenbosii  0.48 0.00 0.20 ± 0.13 
Monopteryx uaucu  0.78 -0.01 0.19 ± 0.19 
Eschweilera laevicarpa  0.44 -0.13 0.06 ± 0.07 
Eschweilera punctata  0.88 0.00 0.11 ± 0.13 
Eschweilera ovalifolia  0.20 -0.01 0.06 ± 0.5 
Eschweilera parvifolia  0.89 -0.01 0.09 ± 0.13 
Scleronema micranthum 0.50 0.03 0.15 ± 0.11 
Aspidosperma excelsum 0.73 0.03 0.18 ± 0.23 
Erisma splendens  0.29 0.01 0.12 ± 0.08 
Brosimum rubescens  0.25 0.00 0.09 ± 0.08 
All tree species 1.35 -0.13 0.13 ± 0.14 
Floodplain (1990-1999)    
Brownea macrophylla 0.82 -0.17 0.06 ± 0.09 
Astrocaryum sciophilum 0.74 -0.07 0.11 ± 0.21 
Hyeronima alchorneoides 1.57 0.00 0.45 ± 0.40 
Eschweilera andina 1.17 -0.18 0.28 ± 0.30 
Inga EA-397 2.07 0.02 0.80 ± 0.54 
Campsiandra angustifolia 0.48 -0.05 0.12 ± 0.14 
Sterculia apeibophylla 0.83 0.01 0.29 ± 0.28 
Zygia latifolia 0.79 -0.18 0.12 ± 0.19 
Pachira insignis 0.67 0.00 0.22 ± 0.22 
Euterpe precatoria 0.53 -0.11 0.03 ± 0.10 
All species 2.53 -0.18 0.22 ± 0.31 
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Fig. 6-5. Annual diameter increment (ADI) for different growth forms, 
DBH classes and height classes (RA: Rasant (Ht ≥ 0, < 5 m); UN: 
understorey (Ht ≥ 5 m, < 10 m); SC-L: subcanopy, low (Ht ≥ 10 m, < 15 
m); SC-H: subcanopy, high (Ht ≥ 15 m, < 20 m); CA-L: canopy, low (Ht ≥ 
20 m, < 25 m); CA-H: canopy, high (Ht ≥ 25 m, < 30 m); EM-L: 
emergent, low (Ht ≥ 30 m, < 35 m); EM-H: (Ht ≥ 35 m, < 40 m); SE: 
super emergent (Ht ≥ 40 m) in the upland plot (left) and floodplain plot 
(right) in Peña Roja. Measurements periods were 1990-1997 for the upland 
plot and 1990-1999 for the floodplain plot. The vertical bars denote the 
maximum and minimum increments. 
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Table 6-6. Mortality rate (λ) and recruitment rate (κ) in tropical forests 
(DBH ≥ 10 cm). 

Locality Plot size 
(ha) 

t (y) λ (% y-1) κ (% y-1) 

Peña Roja, upland (tierra firme) 
(Amazonia, Colombia)1 

1.8 3.3 1.35 1.31 

Peña Roja, upland (tierra firme) 
(Amazonia, Colombia)1 

1.8 5.3 0.84 0.61 

Peña Roja, upland (tierra firme) 
(Amazonia, Colombia)1 

1.8 8.6 1.06 0.87 

Peña Roja, floodplain (várzea) 
(Amazonia, Colombia)1 

1.8 3.3 2.14 1.48 

Peña Roja, floodplain (várzea) 
(Amazonia, Colombia)1 

1.8 5.3 1.84 1.60 

Peña Roja, floodplain (várzea) 
(Amazonia, Colombia)1 

1.8 8.4 2.01 1.48 

Bosque andino Occidental 
(Colombia)2 

  2.6 2.70 

Magdalena tierra firme, Puerto 
Nare (Colombia)2 

  2.40 2.85 

Chocó, flooded (Colombia)2   2.33 2.70 
Magdalena, dry forest (Colombia)2   1.93 1.98 
Añangú, tierra firme (Amazonia, 
Ecuador)3 

1 4.9 1.88 1.78 

Cuyabeno, tierra firme (Amazonia, 
Ecuador)3 

1 2.5 1.04 3.09 

Cocha Cashu, (Amazonia, Perú)4 0.9 10 1.77 0.81 
Tambopata 2, llanura aluvial 
(Amazonia, Perú)5 

0.95 7.75 1.84 2.83 

Tambopata 3, llanura inundable 
(Amazonia, Perú)5 

1 7.75 2.85 2.37 

Tambopata 4, arcillas (Amazonia, 
Perú) 

1 11.67 1.97 1.96 

Tambopata 5, arena-arcilla 
(Amazonia, Perú)5 

2 7.75 2.70 2.25 

Manaus (Amazonia, Brasil)6 5 5 1.15 0.87 
Manaus (Amazonia, Brasil)7 16 17.2 - 19.5 3.67 ± 0.7  
Gama galery forest (Cerrado, 
Brasil)8 

3.2 6 3.5 2.7 

Reserva forestal Linhares (bosque 
Atlántico, Brasil)9 

2.5 15 1.26 - 3.55  
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San Carlos (Amazonia, 
Venezuela)10 

1 10 1.18  

Bosques montanos (Venezuela) 
Trunks 

4.25 10 - 29 1.67 ± 0.67  

Bosques montanos (Venezuela) 
Biomass11 

4.25 10 - 29 1.81 ± 1.10  

Northwest Amazonia12 1 ~10 2.34 ± 0.31  
Northeast Amazonia12 0.5 ~10  1.21 ± 0.53  
Amazonia (mean 50 plots) interval 
113 

0.42 - 9 6.4 ± 0.7  1.50 ± 0.19 1.59 ± 0.19 

Amazonia (mean 50 plots) interval 
213 

0.42 - 9 6.4 ± 0.7  2.06 ± 0.25 1.77 ± 0.22 

La Selva, Parcela 1 (Costa Rica)14 4.4 13 1.80 1.33 
La Selva, Parcela 2 (Costa Rica)14 4 13 2.01 1.67 
La Selva, Parcela 3 (Costa Rica)14 4 13 2.24 1.80 
Barro Colorado (Panamá)15 50 3 3.4 ± 0.3  
Barro Colorado (Panamá)15 50 5 2.6 ± 0.2  
1This dissertation; 2Álvarez et al. 2008; 3Korning and Balslev 1994; 4Gentry and 
Terborgh 1990; 5Phillips et al. 1994 6Rankin de Merona et al. 1990; 7D'Angelo et al. 
2004; 8Felfili 1995; 9Rolim et al. 1999; 10Uhl et al. 1988; 11Carey et al. 1994; 12Chao 
et al. 2008; 13Lewis et al. 2004a; 14Lieberman et al. 1985; 15Condit et al. 1995 

6.5  Discussion 

Mortality and recruitment rates in the two plots 

The annual rates of mortality and recruitment observed in the upland and 
floodplain plots are within the range previously reported for tropical 
forests, from the Neotropics as well as the Paleotropics (Lieberman et al. 
1985; Uhl et al. 1988; Lieberman et al. 1990; Rankin de Merona et al. 
1990; Carey et al. 1994; Korning and Balslev 1994; Manokaran and 
Swaine 1994; Condit et al. 1995; Felfili 1995; Phillips 1998a; Rolim et al. 
1999; D'Angelo et al. 2004; Lewis et al. 2004a; Phillips et al. 2004; 
Álvarez et al. 2008; Chao et al. 2008).  

The density-based annual mortality rates of the upland plot were near the 
lower limit reported for the northeast Amazonia (Phillips et al. 2004; Chao 
et al. 2008; Table 6-6). The density-based annual mortality rates of the 
floodplain plot were at the lower limit for the forests in northwestern 
Amazonia (Phillips et al. 2004; Chao et al. 2008; Table 6-6). A similar 
result was obtained for recruitment. 
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For both plots the mortality rate based on number of individuals was 
higher than recruitment rate in all time lapses, indicating that mortality 
preceded recruitment. However, the average of these mortality and 
recruitment rates, which represent a measure of turnover, was lower in the 
upland plot than in the floodplain plot (Fig. 6-6). Compared to other 
Neotropical forests, the turnover in both plots was relatively low (Phillips 
et al. 2004).  

Reviewed by Phillips et al. (2004), mortality and recruitment rates in 
Amazonia across 97 sites showed an average of ca. 2% per year. Higher 
turnover rates were found in the northwestern Amazon compared to 
eastern and central Amazonia, on rich soils compared to poor soils, and in 
areas without marked seasonality in rainfall compared to areas where 
climate showed a pronounced dry season. Phillips et al. (2004) further 
reported that Pan-Amazonian averages for mortality (at 52 sites) increased 
from 1.58 ± 0.1 to 1.91 ± 0.13% per year (corrected for census interval) for 
two successive periods between 1976-2001. Also recruitment rates (57 
sites) increased from 1.70 ± 0.11 to 2.34 ± 0.15% per year and turnover 
rates (55 sites) from 1.65 ± 0.09 to 2.11 ± 0.12% per year, indicating that 
the dynamics of these forests has increased over the years. 

The mortality rates recorded in the plots near Peña Roja were below 5%, 
and therefore corresponded to so-called background mortality (Lugo and 
Scatena 1996). Catastrophic events, such as those reported in Peru (Foster 
and Terborgh 1998), are not known from the study area at Peña Roja. For 
most tropical forest trees the annual mortality ranges between 1% and 3%. 
Higher rates were reported from El Verde in Puerto Rico (Crow 1980), 
Barro Colorado Island in Panama (Hubbell and Foster 1990), and Añangu 
in Ecuador (Korning and Balslev 1994). On Barro Colorado the high 
mortality (3%) was attributed to a prolonged and severe dry season 
weather event associated with the "El Niño" (Hubbell and Foster 1990). 
Reports of mortality rates from before de 1983 drought in Barro Colorado 
(Putz and Milton 1983) were much lower (1.83% and 1.06%). On the other 
hand, low levels of mortality have been associated with soil substrates that 
are low in nutrients (Rankin de Merona et al. 1990; Manokaran and 
Swaine 1994, Phillips et al. 2004). 
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The increased mortality observed in the floodplain forest can be explained 
by the combined effect of a poorly drained soil and periodic flooding. Both 
factors may induce the formation of shallow root systems and increase the 
odds of death for species not well adapted to flooding. In general, 
mortality and recruitment rates vary due to multiple causes, such as the 
calculation method (Carey et al. 1994) and the length of the interval 
between censuses, as short periods cause more noise in the estimates 
(Condit et al. 1995; Hall et al. 1998; Londoño and Jiménez 1999; Lewis et 
al. 2004ab). The census date may be influenced by climate seasonality, 
which in turn might affect mortality and recruitment events (Condit et al. 
1996; Phillips et al. 2004). Also the size and shape of the permanent plots, 
the bias of researchers to select high biomass forests and avoid large 
clearings (Laurance et al. 1998; Phillips et al. 2004; Vallejo et al. 2005), or 
activities related to plot establishment, measurements and botanical 
collections (Phillips 1998b) may affect the information of mortality and 
recruitment. The exponential models used to estimate the mortality and 
recruitment rates depart from the assumption of a constant rate of 
population increase or decrease over time (Sheil et al. 1995). This 
represents a considerable simplification compared to the complex situation 
in the forests in terms of different species temperaments (Table 6-5), and 
the coexistence of populations with different life spans (Condit et al. 1995; 
Sheil and May 1996; Rolim et al. 1999; Echeverri and López 2000; 
Alcaraz 2001). 

Mortality rates are usually based on the death of individuals. However, the 
rate thus obtained may not fully represent the impact of mortality on the 
forest. Considering the intricate relationships between different ecosystem 
components, and the complexity of the energy flows and biogeochemical 
cycles, the death of some individuals should be considered as freeing space 
and nutrients, as well as increased availability of light for the survivors 
(Franklin et al. 1987). Mortality rates calculated using basal area and 
biomass better illustrate the changes in the forest, since the death of one 
large individual will release a far greater amount of resources (space, 
nutrients, light) compared to the death of a thin individual of low biomass. 
These mortality rates may become negative if the gain in basal area or 
biomass (due to growth of surviving individuals) is higher than the net loss 
over the period examined (accumulation phase according to Hallé et al. 
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1978). In the floodplain plot, the mortality rates regarding basal area and 
biomass were low (1.14% and 1.32%, respectively) during the initial 
census period, and became negative in the second census period (-0.42% 
and -0.77, respectively). This seemed to indicate a shift from a homeostatic 
phase to an accumulation phase. Perhaps this was caused by a high 
recruitment after the death of some large trees and the subsequent release 
of space suitable for the accelerated growth of individuals of intermediate 
sizes, as can be deduced from Fig. 6-3. This conclusion would also stem 
with the shape of the upper canopy in the floodplain plot, which had a 
more open and a more irregular surface than in the upland plot (Fig. 6-2). 

Death modes 

In the upland plot death by snapping and standing death was most 
common. In the floodplain plot tree uprooting was relatively common. 
These results suggest that the process of mortality in the upland plot 
included events acting on smaller spatial scales, at more gradual pace and 
at a lower frequency than in the floodplain plot. Death rates in the upland 
plot seem to reflect more a mortality process caused by pathogens, 
herbivores, senescence, competition for resources, or a combination 
thereof, whereas in the floodplain plot weak rooting due to the poor soil 
drainage seems to be more important.  

Death by snapping is commonly found as the most frequent type of death 
in tropical forests (Londoño and Jiménez 1999; Alcaraz 2001). 
Occasionally, other death modes become more important, as in montane 
forests of Venezuela (Carey et al. 1994), where standing death (64%) were 
most common, followed by tree fall (17%), snapping (11%) and unknown 
(11%). Differences in death mode have been associated to edge effects in 
large plots. For instance, in central Amazonia (near Manaus) mortality 
rates near forest edges (3.67 ± 0.70% per year) were three times higher 
than in the forest interior (1.05 ± 0.22% per year). Here, tree death by 
snapping was the most common type in edges and interior (34-36%), but 
death by uprooting was more abundant in the edge whereas standing death 
was more common towards the interior of the plot (D 'Angelo et al. 2004). 
In eastern Ecuador, Gale and Barfod (1999) reported that 34% of tree 
death was by uprooting, 35% by snapping, 15% by standing death, and 
16% unclassified. In that study, the type of death differed between 
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dicotyledonous tree and palms (Iriartea deltoidea). Slope, altitude and the 
presence of buttresses influenced death modes. Uprooting and snapping 
occurred in a clumped pattern and was explained by steep terrain and high 
rainfall. Standing death was randomly distributed over the plots.  

 
Figure 6-6. Turnover rates calculated as the average of the mortality and 
recruitment of the tropical forests, shown in Table 6-6. The dot is the 
average and the length of the bar represents the difference between 
mortality and recruitment rates. 

Growth by diameter increment 

Overall, the diameter increments in the two forest plots (0.13 cm per year 
in the upland plot and 0.21 cm per year in the floodplain plot) were low 
compared to those reported from other tropical forests (Taylor et al. 1996). 
For example, 0.45 cm per year was measured in Venezuela (Veillon 1985); 
0.5 cm per year in Puerto Rico (Crow and Weaver 1977); 0.44 cm per year 
in Costa Rica (Lieberman and Lieberman 1985); 0.12 to 0.27 cm per year 
in Malaysia (Nicholson quoted by Whitmore 1975); 0.39 to 0.78 cm per 
year in so-called cativales in Colombia (González 1994); 0.85-0.96 cm per 
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year in so-called guandal forest in Colombia (del Valle 1995). However, in 
spite of the low growth values, the results from Peña Roja were consistent 
with most other reports of tree growth in undisturbed tropical moist 
lowland forests by showing a large variability in growth among species 
and among individuals of the same species (Clark and Clark 1994, 1999; 
Manokaran and Swaine 1994; Baker et al. 2003; Vester and Nararro 2007).  

Soil fertility (Baker et al. 2003) and flooding (Keeland and Sharitz 1997) 
have a strong impact on the variation in diameter increments of tropical 
trees. Also the position of the tree crowns relative to the incoming 
radiation influences tree growth. In forests of Quintana Roo (Yucatán, 
México) trees with well developed crowns showed diameter increments of 
0.26 to 0.31 cm per year, whereas trees with crowns that were poorly 
exposed to incoming light showed increments of only 0.10 to 0.21 cm per 
year (Vester and Nararro 2007). The differences in annual diameter 
increment between the upland and floodplain plot were in line with the 
patterns that emerged from the litter fall and decomposition study (Lips 
and Duivenvoorden 1996). In the upland plot tree growth, litter fall and 
decomposition rates were slower than in the floodplain plot. It suggests 
that accumulation of tree biomass as measured by girth increments is 
associated to litter fall and to decomposition rates.  

Intervals between censuses 

In both upland and floodplain plots, the variation in mortality or 
recruitment between the different measurement periods was small. Much 
has been speculated on the effect of the length of the time interval in the 
estimation of mortality rates and recruitment (Sheil 1996; Sheil and May 
1996; Kubo et al. 2000; Phillips et al. 2004). Increasing the interval 
between censuses improves the reliability of the estimate, but decreases 
the precision by which one can describe the short-term events within the 
period (Lieberman et al. 1985; Lewis et al. 2004b). When periods are long, 
you may find that recruitment and mortality cancel each other out, if 
recruitments die during the same period (Sheil and May 1996). Periods 
that are too short, on the other hand may yield results that are not 
representative for the forest as a whole (Londoño and Jiménez 1999). If 
the plots are very large (Condit et al. 1995) there can be a long lapse of 
time between the starting and ending date of one census (Kubo et al. 
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2000). Long periods of measurement improve the estimation of annual 
mortality rates and recruitment, as these estimates contain more variation 
of vegetation changes. However, with increasing inter-census periods it is 
more difficult to accurately determine the mortality rates and the modes of 
death. It is best to combine the analysis of mortality over short periods to 
be aware of the causes of death, and over long periods to improve the 
reliability of the rates (Lewis et al. 2004b).  
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