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Abstract 
 
 
Over the past ~20 years, various stand-level assessments of undisturbed Amazonian 
forests have revealed an increase in stem turnover (resulting from increases in 
recruitment and mortality), an increase in stem density and an increase in basal area 
growth rates.  However, a more detailed analysis of the genus or species level changes 
within these forests is required to adequately assess the carbon-level dynamics of the 
region.  The only assessment to examine undisturbed community composition at this 
level was undertaken in 2004 by Laurance et al. in Manaus, Brazil.  This study revealed 
a directional shift towards fast growing, canopy emergents at the expense of slower-
growing genera, ultimately indicating a reduction in the carbon sequestration ability of 
these forests.  Laurance goes on to cite rising atmospheric CO2 levels as the only capable 
factor of driving his observed trends.  Importantly, if such a uniformly distributed gas as 
CO2 is responsible for the observed changes, we would expect to see similar shifts across 
the entire Amazon Basin, if not pan-tropically.  The analysis here examines 15 years of 
data across 7-undisturbed treeplots in Manu National Park, Peru for alterations in 
community composition at the genus level.  Analyses of population density and basal 
area across the entire lifetime of the plots have revealed that the numbers of genera 
found to be changing at the p <0.05 significance level are more than two times greater 
than would be expected from chance alone. However, an examination of corresponding 
wood density values reveals that these genera are not exhibiting a directional shift 
similar to that observed by Laurance in 2004.  Numerous potential reasons behind the 
trends observed in Laurance’s forests, such as recent disturbance or local depletion of 
seed dispersers by past hunting, are explored. 
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Introduction 
 
 It is estimated that although tropical forests only comprise 7-10% of the global 

land area, 40-50% of the vegetative carbon stocks on our planet (120±30 Pg C, 1 Pg = 

1015 grams) are contained within these forests.  Furthermore, these areas process 

approximately six times as much carbon through photosynthesis as released through 

anthropogenic fossil fuel combustion annually (Lewis 2009). Tropical forests in 

northern South America are home to the world’s greatest terrestrial stores of carbon and 

biodiversity (ter Steege 2006). Producing 20% of our planet’s oxygen supply through 

photosynthesis, it is no wonder that the Amazon Basin has been referred to as the “lungs 

of the world”.  It was predicted that 5.4 million square kilometers of Amazonian forest 

still remained in 2001, 11 times the size of Spain (Malhi 2007). Current estimates of 

basin-wide biomass accumulation indicate that the undisturbed, old growth forests of 

the Amazon are taking up 0.5-0.8 Pg of carbon annually (Lewis 2009). There is the 

potential for these regions to enhance their carbon sequestration and help mitigate 

anthropogenic pollution; however, pervasive alterations of forest community dynamics 

and composition could modify this effect.  

 We must begin to assess the impact that anthropogenically altered conditions are 

triggering within intact, mature tropical forest stands. The search for the existence and 

extent of any compositional changes in these forests is important as different species or 

vegetation types possess differing abilities to store and process carbon.  Furthermore, 

significant shifts in tree size distributions can ultimately correlate with a wide range of 

impacts on forest architecture and ecology as well (Laurance 2004).  Certain extinction 

scenarios have been found to alter aboveground carbon storage by up to 600% (Bunker 

2005). The most accurate method of searching for any alteration of species composition 
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is through the collection and interpretation of long-term treeplot censuses where tree 

species size and frequency have been recorded.   

 The analysis here will utilize 7 treeplots in undisturbed, terra firme and flood 

plain forest across Manu National Park, Peru initiated by Dr. John Terborgh et al. 

between 1974 and 1991. These plots contain information on 11,259 individual trees 

representing ≥ 800 species.  These plots have been recensused on an average of every 5 

years for growth, mortality and recruitment into an ‘adult’ class of ≥ 10 cm dbh 

(diameter at breast height) equivalent to 314 cm circumference.  An initial assessment 

on a single treeplot in Manu revealed remarkable stability in tree species composition 

and density over the past 35 years (Terborgh, unpublished).   

 In contrast, in a 2004 paper in Nature William F. Laurance et al. discovered 

significant shifts in the abundance and basal areas of 26 of the 115 analyzed genera of 

Amazonian trees near Manaus, Brazil, approximately 14 times more than would be 

expected by chance alone.  Perhaps most important, he revealed that of these 26 genera, 

only large, fast-growing canopy emergents were increasing while most of the decreasing 

genera were comprised of densely wooded understory species.  Laurance concludes that 

the revealed directional shift favoring those genera with a lesser ability to sequester 

carbon is the result of increasing productivity from rising global atmospheric carbon 

levels (Laurance 2004). Importantly for my analysis here, if it is indeed rising CO2 levels 

that are driving Laurance’s observed changes, we would expect such a uniformly 

distributed gas to be exerting the same influence in other parts of the Amazon Basin, if 

not the entire tropical forest community.  Furthermore, there are many significant 

differences between Manu and Manaus that must be adequately considered when 

making any sort of comparison between the two locations. 
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Figure 1 General location of Manu National Park, Peru, site of the 7 analyzed treeplots     
     &  William Laurance’s examined 18 plots near Manaus, Brazil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Goals 

  The primary question around which my proposed research will be organized is: 

What, if any, are the compositional changes in abundance & basal area across tree 

species and genera in undisturbed Amazonian forest in Manu National Park, Peru?  To 

explore this question I will analyze the treeplot census data for genus and species 

abundance across the 7 tree-plots within Manu.  Abundance data will be analyzed using 

a method proposed by Sheil (1999) where 95% and 99% confidence intervals will be 

created for recruitment and mortality counts for each significantly abundant genus 

across all census intervals.  For the remainder of this analysis, significantly abundant 

genera will be defined based upon a threshold of minimum density (≥1 individual per 

hectare) and minimum presence within at least 3 of the 7 treeplots being analyzed.  



 8 

Simple linear regressions will be run on basal area values for each abundant genus as 

well.   

 A second question to be addressed in this research is to determine whether or not 

a directional shift similar to that observed by Laurance in 2004 is occurring in Manu.  A 

brief assessment of the carbon storage implications of all revealed species exhibiting an 

altered abundance will be examined. The species-specific traits of each species will be 

utilized in order to predict carbon storage capacity.  Mean stand-level wood specific 

gravity values have been found to differ by more than 20% among different forests 

within the Amazon Basin; and values between species have been found to vary up to five 

times (Lewis no date). Characters such as species’ final growth size, maximum growth 

rate and wood density have all been found to correlate with carbon sequestration rates 

(Bunker 2005, Thomas 1999).  Knowledge of the carbon storage capacity of each species 

undergoing changes in abundance will allow us to create more accurate predictions 

about the carbon sink potential of tropical forests for the future. 
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Figure 2 Relative change (mean % * y-1 ±95% CI) in 
various indices of the structure and dynamics of  
old-growth Neotropical forests.  Results drawn  

from sources cited in text. Wright, 2005 
 

BACKGROUND 

  

Current Trends in the Neotropics & Amazonian 

Old Growth Forest 

 

 Recent studies across Neotropical 

tropical forests (including the Amazon) have 

shown 3 important trends over the past ~20 

years.  For reasons related to the carbon-level 

dynamics of these forests, it is important to 

recognize that the analyses that led to these 

findings were looking at the stand-level 

 dynamics as opposed to family, genus or species level.  First, stem turnover is 

increasing from both increases in recruitment and mortality rates (Phillips 2004). 

Second, recruitment rates are rising at a faster rate than mortality, resulting in an 

overall increase in stem density (Lewis 2004a). Third, an observed increase in basal area 

growth rates at the stand level has been acknowledged (Figure 2).  

 An often-cited fourth trend is an increase in stand biomass from greater growth 

compared to mortality rates (Baker 2004a).  However, it has been suggested that 

Baker’s results were based on a small percentage of the treeplots sampled (Clark 2007).  

A separate analysis of 2 million trees within 10 tree plots across the Americas, Africa and 

Asian continents failed to reveal a pantropical trend of increasing biomass.  A further 

long-term study in an extremely dynamic, undisturbed forest in Manaus also revealed 

no significant change in biomass (Laurance 2004).  Although it is essential to the carbon 
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budget to discover if any such trend does exist in undisturbed forests (biomass growth 

comprises ~40% carbon and is an excellent proxy of carbon assimilation), it is apparent 

that more long-term studies need to be carried out in order to determine if any trend is 

present.  An increase in liana abundance has also been found in Neotropical forests, but 

quantifying this observation goes beyond the scope of my research.    

 The most popular theory used to explain the undisputed three changes discussed 

above is that they carry the “fingerprint” of increasing NPP (Lewis 2004a).  The theory 

is that increasing resource availability enhances NPP (NPP = GPP–Respiration or ~40-

55% of GPP) resulting in an increase in growth rate as well.  If this occurs, both 

recruitment and growth rates will increase.  Eventually many of these recruits and large 

individuals will die, but since this will inherently lag behind, there is an observed 

increase in both BA growth and stem density.  The numerous factors that could be 

enhancing productivity in undisturbed, old growth forests are increasing nutrient 

deposition rates from pollution or fire, increasing temperatures, changing precipitation 

or drought trends, increasing insolation levels or increasing atmospheric CO2 

concentrations. 

 The most often cited potential driver of the observed changes is an increase in 

productivity derived specifically from rising atmospheric CO2 levels.  Under ideal 

conditions, higher atmospheric carbon levels can lead to a reduction in stomata 

conductance (increasing water use efficiency by increasing the amount of carbon 

assimilated per unit of water loss), higher rates of photosynthesis, and an increased 

efficiency of other resources.  There has not, however, been any strong scientific 

evidence to link the effects of elevated atmospheric carbon levels on the respiration of 

woody plants (Norby 1999, although admittedly this particular analysis was looking at 
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non-tropical seedlings).  While it has been documented that the carbon fertilization 

effect outside of the tropics can be limited by nutrients, pollution, insolation, 

temperature, evolutionary constraints or precipitation consistent with Liebig’s Law of 

the Minimum, its existence and importance cannot be entirely negated (Beedlow 2004, 

Burgermeister 2007, Oren 2001).  Furthermore, it is important to recognize that while 

CO2 levels are only rising at a rate of 2-4% per decade, the observed increase in forest 

biomass is occurring at a far greater rate. 

 A 1998 study examined the impact doubling the ambient CO2 levels (to 700 ppm) 

on the seedling growth rate of early and late successional tropical tree species.  The 

results showed that all early successional species had markedly higher weights after 40 

days of growth in elevated CO2 levels when compared to those grown at ambient levels 

(Winter 1998). Nearly double the amount of time (~80 days) was required for just one 

of the late successional plants in elevated CO2 environments before any significant 

increase in dry matter accumulation was noted; and even then the greatest increases 

here were below the smallest increases gained by the early successional species.  

However, we must again proceed with caution, for even if a definitive CO2 fertilization 

effect is found in some species, we must determine at what point it reaches saturation.  

Furthermore, if enhanced sequestration is found to occur, it is essential to know where 

this carbon is being allocated.  For example, the short residence time of carbon in fine 

roots or leaves will have minimal effect on the overall global carbon budget compared to 

the long term storage in stems and branches. The significance of the relationship 

between elevated CO2 and biomass cannot be overstated for just a 0.3% annual increase 

in Amazonian forest biomass equates to the amount of carbon from the entire fossil fuel 

emissions of the EU for the month of January 2004 (Phillips 2007). 
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 Scientists today are still struggling to account for at least 1.7 Pg of carbon that is 

sequestered somewhere within our terrestrial biosphere (Solomon 2007). Recent 

evidence has shown that not only are mid-latitude forests absorbing 1 Pg less carbon 

than previously thought, but tropical forests are absorbing 1 more Pg of carbon, 

potentially owing much of its enhancement to increased carbon fertilization 

(Burgermeister 2007).  Identifying the precise location of this missing sink is of vital 

importance to the maximum protection and understanding of our terrestrial carbon 

sinks and global carbon budget.  

 Although the described studies above have highlighted overarching trends in 

these forests, our understanding of precisely how the forests are changing is still poor 

due to few large-scale experiments within the tropics and relatively few historical 

observations (Malhi 2004, Stork 2007).  Altered levels of atmospheric CO2, 

temperature, insolation, ENSO events, nutrient deposition, shifting liana density and 

altered precipitation regimes can all affect photosynthesis and/or respiration rates of 

undisturbed tropical forests.  These could in turn be the causes behind shifting plants’ 

turnover rates, productivity, composition and total biomass (Clark 2007).  It has even 

been proposed that plants’ varying ability to store and process carbon could lead to a 

climate and biodiversity feedback mechanism in which higher CO2 levels drive faster-

growing, less carbon-sequestering plants (Cox 2000). 

 The importance of discovering broad, basin-wide trends cannot be overstated but 

a more specific understanding at the genus or species level is necessary to assess how 

the Amazon forest’s dynamics will impact the global carbon cycle.  An examination of 56 

undisturbed plots across Amazonia revealed that wood specific gravity can vary up to 

five times between species (Baker 2004b). This is essential when the diversity of trees in 
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these forests can reach levels of around 300 species per hectare (Terborgh, Personal 

Note). The same findings revealed that the extinction of species with the lowest wood 

density would lead to a 75% increase in carbon storage, whereas the loss of large-stature 

trees led to a decrease in carbon storage of a similar magnitude.  Similarly, the loss of 

species with large diameters, high basal areas or maximal wood volumes are also found 

to correlate to a 29%, 17% and 21% decline in carbon storage respectively. Any 

directional shift such as these in the alteration of species composition can thus clearly 

have a significant impact on local and global carbon dynamics.  It is believed that one of 

the key factors behind any observed directional shift could be the fertilization effect due 

to increasing levels of atmospheric CO2. 

 

Inspiring Previous Antecedents 

 

 In 2004, Laurance et al. reported the only examination of genus-level community 

alteration of undisturbed Amazonian forest at the time.  Their examination analyzed 18 

1-hectare ‘undisturbed’ plots, spanning 300 km2 north of Manaus, Brazil.  The study was 

carried out at the genus level for three reasons.  First, it has been suggested that many 

congeneric tree species are ecologically similar (Laurance 2004). Second, it was found 

that 88% of the species within his plots were too rare to analyze individually.  Third, 

although 95.3% of the species were positively identified at the genus level, a smaller 

percentage could only be verified at the species level. 

 Overall, out of the 114 significantly abundant genera (defined as an initial density 

of ≥1 individual per ha and initial presence in ≥8 plots), Laurance’s results showed 

populations belonging to 13 genera to be decreasing and those of 2 genera to be 
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increasing in density over the previous (average) 15 years.  Additionally, populations of 

13 genera were found to display an increasing basal area, while only 1 genus exhibited a 

decrease in basal area across the same course of the study.  Randomization tests 

confirmed that these results were consistent across the 18 plots. The driving factor 

behind the declining genera was an increase in mortality more so than a decrease in 

recruitment. Importantly, the 13 genera shown to be increasing in basal area were all 

canopy or emergent trees, whereas 6 of the genera found to be decreasing in density 

were subcanopy trees. Unexpectedly, no correlation was found between the observed 

changes and the successional status of the genera.  The conclusion is that genera with 

high absolute growth rates are increasing as concomitant slower growing genera are 

decreasing.  Laurance disavowed that either disturbance, ENSO or any multi-decadal 

changes in rainfall pattern could explain such a significant alteration.  He believes that 

although increasing insolation (from decreasing cloudiness) or increasing nutrient 

availability (from increasing forest fires) could be partial explanatory variables, 

enhanced growth through elevated ambient CO2 levels is the only factor with enough 

force to drive such a significant alteration as the one observed here (Laurance 2004).  

The total increase in global atmospheric CO2 concentrations between the first and final 

measurement periods was ~22 ppm (a 6% increase from 348 ppm in 1985 to 370 ppm in 

2000).  Such a small increase in percentage is difficult to detect if translated to a linear 

increase in productivity in such an inherently noisy system.  Further, if such a 

homogenously dispersed gas as carbon dioxide is driving these observed changes, we 

would expect to see similar community alterations in Manu National Park as well (if not 

the whole Amazon Basin or across the entire tropical rainforest biome).  Regardless of 

the causal mechanism(s), however, an increase in the dominance of fast-growing, 



 15 

canopy emergents at the expense of slow growing, densely wooded subcanopy species, 

would result in a slowed uptake of carbon into the forest.  Furthermore, the ecological 

implications of a directional shift in tree species, although entirely unknown, potentially 

can have severe consequences (Laurance 2004). 

 

Research Area 

 

 Manu National Park is a vast 1,532,306 hectare (roughly the size of Hawaii, 1 ha = 

10,000 m2) tract of land in South Eastern Peru between 71o10’ to 72o22’W and 11 o17’ to 

13 o11’S. (Figure 3) It extends in elevation from 350m in the lowlands to above 4,000m 

in the mountainous cloud forest. The terra firme soils are mostly ultisols, acidic soils 

with a pH of around 4-5.  They are never flooded and most of the nutrients are 

concentrated in the upper few inches.  Inundations of the floodplain occur every few 

 

 

 

 

 

 

 

 

 

 

 Figure 3 Map of Manu National Park, Peru.    
Image © Manu Wildlife Center 

Figure 4 Locations of 7 analyzed treeplots: 2, 3, 4, 6, 7, 10, 12.  
a marks Cocha Cashu Biological Station (Terborgh 1996) 
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years.  These soils have been found to have a pH of 6 to 7 in Manu (Masse 2005). 

 For the analysis, I used data from 7 treeplots in the Manu National Park that were 

established between 1975 and 1991 (Figure 4). These plots cover a total land area of 

14.0625 ha (Table 1).  Across the 15 years of data, there were 11,259 individual trees ≥10 

cm dbh recorded within these plots.  To compare, Laurance’s 2004 study was based on 

18 ha containing 13,700 individuals, so clearly the size of the Manu data set is robust 

enough to be analyzed in a similar manner. Although some of my examined plots have a 

history longer than what is being examined here, the length of these censuses has been 

condensed in order to examine only the most recent 15 years of data from each plot 

(comprising of 3 census intervals, one every 5 years).  All of the individuals within these 

7 plots were totaled into one large sum in my analysis, however various criteria were 

implemented in order to select only those genera found in ‘significant’ abundance (See 

Methods below).  

 

 

 

 

 

 

 

 

 

 

 

Trail Area (m2) Forest Type 
2 x 31 22,500 Primary Floodplain 
3 22,500 Primary Floodplain 
12 20,000 Primary Floodplain 
Otorongo 20,000 Primary Floodplain 
Salvador 20,000 Primary Floodplain 
TM Ravine 20,000 Primary Terra Firme 
TM Terrace 15,625 Primary Terra Firme 

Table 1 Name, size and type of 7 treeplots being analyzed 
  from Manu National Park, Peru. (Masse 2005) 
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METHODS 

   

 The criteria for inclusion of genera in this analysis will resemble those of 

Laurance et al. 2004 as closely as possible.  First, a genus must have had an initial 

presence in at least 3 of the 7 plots (42.86%).  To compare, Laurance’s criteria was an 

initial presence in a least 8 of his 18 1-ha plots (44.44%).  Second, the initial density ≥ 1 

individual per hectare required by Laurance for inclusion will be applied in my analysis 

as well.  My null hypothesis (H0) is that each species will exhibit no significant change in 

abundance or basal area.  

 

Sheil’s Confidence Intervals 

 

 In A Simple Graphical Method for Comparisons of Mortality, Douglas Sheil 

presented a method for comparing recruitment and other count-defined ‘Event-Rates’ 

(Figure 5, Sheil 1999).  The beauty of the approach is that it provides an ability to 

examine the rate of change based on recruitment and mortality counts that avoids 

analytical complexity.  Employing a comparison of two Poisson-counts assumes that 

each of the counts represents a single independent event. Although the relationship 

between mortality, gap creation and recruitment violates the strict independence, this 

approach is still useful to determine significant alterations.  The null hypothesis is that 

the recruitment and mortality counts are equal (no change in abundance).  When the X 

and Y values are interchangeable as they are here, a selected p (e.g. p = 0.05) value can 

be chosen and used to define the respective X counts for each value of Y.  Even though 

the derived count values are integers, the resulting pattern across all counts is 
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curvilinear.  The resulting formulas were found to contain an R2 value of 0.9999.  All p 

values relate to a two-tailed test.   

 

For p < 0.05 
 

Y > -6*10-8(X4)+3*10-5(X3)-0.0049(X2)+1.501(X)+7.09 
Y < 2*10-8(X4)-10-5(X3)+0.0027(X2)+0.601(X)-4.22 

 
For p < 0.01 

 
Y > -8*10-8(X4)+4*10-5(X3)-0.0067(X2)+1.665(X)+10.11 

Y < 2*10-8(X4)-10-5(X3)+0.0031(X2)+0.505(X)-5.20 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 A graphical presentation of critical values (p = 0.05 & p = 0.01) for comparisons of 2 rate-
counts.  This format can be used to judge whether two given counts (from an equivalent sample and 

period) are significantly different. Sheil 1999. 
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Basal Area Analysis 

 

 A second analysis will be conducted on the basal area values for each genus at 

each of the 4 intervals.  Simple linear regressions were be run on each of the 

significantly abundant genera across the treeplot’s entire lifetime.  Those considered to 

have an altered basal area presence will be significant at the p <0.05 levels   

 

Wood Density Analysis 

 

 Generic populations found to have significantly increased or decreased over the 

most recent 15 years will have their species-specific wood densities analyzed in order to 

determine if any directional shift is occurring in Manu as well.  The wood density of the 

species found to be driving the observed change in genera were taken from a previous 

analysis examining the regional and phylogenetic variation of wood density across 2456 

neotropical species (Chave 2006).  For species not listed individually, an average of all 

congeneric species will be utilized for an estimate of its density.  Graphical comparisons 

will then be employed to assess whether or not what is being observed  in Manu is a 

similar directional shift to that detected by Laurance in 2004.  
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Figure 6 The graphical depiction of Sheil’s 95, 99% Confidence Intervals and the total number of recruitment 
and mortality counts for the entire census lifetime, summed across all treeplots for all  

significantly abundant genera. 

Results 

 In this analysis of 282 genera found in the plots comprising >800 species, 73 

were present at sufficient levels to support rigorous analysis (density ≥ 1 individual per 

hectare and initial presence in 3 of the 7 plots). The vast majority of genera fell within 

the expected range. Eleven genera fell outside the 95% and 99% confidence limits 

(Figure 6, Table 2).  The simple linear regressions of basal area values for the 73 

significant genera revealed that 8 of the genera were changing at the p >0.05 

significance level (Table 3).  3 of these genera (Drypetes, Oenocarpus, and Iryanthera) 

were repeated from those discovered in the analysis of population density.  Importantly, 

Drypetes and Iryanthera were both increasing in population density and basal area,  
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Table 3 List of the species responsible for each genus found to be significantly altering in the 
Simple Linear Regression analyses of genus Basal Area values for each of the 4 censuses. 

Table 2 List of the genera found to lie outside of Sheil’s 95, 99% Confidence Intervals.  

 

 

 

whereas Oenocarpus was decreasing in both of the two analyses.  If populations of these 

genera were trending in different directions in these two analyses, the absolute change 

of their presence in these forests would be inconclusive and they would not have been 

included in any further analyses.  Ultimately, 16 of the 73 examined genera (21.92%) 

were found to be changing at the p >0.05 significance level.  This is a number that is 

more than 2 times greater than would be expected from chance alone (Type I Error) 

when utilizing a 2-sided t-test as was done here.  If examination was taken to the p 

>0.01 level as done in Laurance’s 2004 analysis, 9 out of the 73 genera (12.33%) were 

found to be significantly changing.  This observed change is more than 6 times greater 

than would be expected by chance.       

 Analyzing the carbon-specific characteristics of the species found to be driving 

the observed changes in these significantly altering genera was carried out in two 
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distinct graphical methods.  The mean specific wood gravity of 2456 Neotropical species 

(0.65 mg/cm3) was used to delineate between densely and light-wooded species.  Recall 

that if a directional shift in community presence similar to that observed by Laurance in 

2004 was found in this analysis, we would expect to find the presence of light wooded 

species increasing and densely wooded species decreasing.  Instead, what is shown here 

is that similar numbers of light and densely wooded species are both increasing and 

decreasing (Figure 7).  And although there were a slightly higher number of light 

wooded species increasing in presence compared to densely wooded species (n=7 vs. 

n=5, is in line with the expected directional shift) the difference between the two is 

insignificant (Figure 8).  Furthermore, the higher number of light wooded species 

compared to densely wooded species exhibiting a decreasing presence is entirely counter 

to the expected changes in a directional shift.        

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Mean Wood Species Gravity (g/cm3) from Chave, 
2006 compared to the percent change in Species 

Population Density and Basal Area.  The green mean line 
(0.65 g/cm3) was calculated from the average wood density 
of all 2456 species in Chave, 2006 and is used to delineate 

between dense and light wooded species. 

Figure 8 Comparison of the numbers of light and 
densely wooded species (as defined by mean specific 

wood gravity values of 2456 species) found to be driving 
the increasing or decreasing genera. 



 23 

Discussion 

 

 Although the results from Manu National Park reveal that significant changes are 

occurring within these forests, the lack of any evidence supporting a directional shift in 

community composition begs the question: What could be behind the changes observed 

in Laurance’s Manaus plots?  Some immediate issues are apparent with Laurance’s 

decision to conduct his analysis at the genus-level.  One such concern is that there is 

significant variation in the characteristics of congeneric species (Feeley & Terborgh 

Personal Communication).  Additionally, there is the distinct possibility that the 

deviations of congeneric species could either be additive or cancelling resulting in 

significant alterations appearing insignificant (resulting in Type II Error).  

 Identification of causes underlying any discovered departure from expected 

values is largely speculative.  Laurance divided his study into two equal intervals and 

found that recruitment, mortality and growth rates increased for the majority of his 

genera across the second time period.  This implies that the forests in Manaus are 

becoming more dynamic with time.  Laurance examines four potential causes resulting 

in the observed alterations.  First is the possibility that the 18 plots are recovering from a 

past disturbance.  Since the plots span 300 km2 and the significant changes were found 

to be consistent across all of the plots, a major forest fire would be the only disturbance 

of adequate size to influence the results.  However, soil data has shown that the area has 

been consistently forested for the past 4,500 years (Laurance 2005). 

 Challenges, however, have still been posed towards the “undisturbed” quality of 

Laurance’s observed plots.  Evidence of soil charcoal shows that fire was present in the 

Manaus research area as recently as 220 ± 550 years ago (Nelson 2005).  The slow 
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growth rate, on a time scale of centuries for some Amazonian species, could imply that 

the influences of these disturbance events are still proceeding today. Laurance’s 

counter-claim is that the abundance of old trees (age 500-1000 years) within the study 

plots indicates that fire’s influence in the area was patchy at best.  Further, fire could 

only potentially account for a shift in tree community composition, not for the 

increasing growth, recruitment or mortality rates as of late (Laurance 2005).  Laurance 

also discounts the possibility of severe wind throws influencing the status of his plots 

because of the spatial scale (300 km2) over which they were distributed.  The counter 

argument has been raised that 10 of the 18 examined plots were actually within a 10-km2 

area, whereas other plots were clustered as well (Nelson 2005).  Severe wind events near 

the study site have been documented via satellite imagery within the recent past and it is 

possible that Laurance was catching the slow-moving recovery phase between wind-

resistant and un-resistant species.  Laurance’s response was that wind events are most 

likely to increase the mortality of canopy emergents, a trend opposite of what was shown 

(Laurance 2005).  Further, disturbance-adapted pioneers were fairly uncommon within 

the plots.  Lastly, a Mantel test showed that the observed changes were found to be just 

as strong in distant plots as they were with plots in close proximity.   

 A second potential cause examined by Laurance was drought-induced responses 

to El Niño events. Most temperatures across the global tropical forests are found to 

correlate at least somewhat with the El Niño Southern Oscillation Index, however 

almost no influence is found in the Southwestern Amazon Basin where Manu National 

Park is located (r = 0.24, Malhi 2005). The rate of temperature change across 

southwestern Amazonia from 1964 to 1998 actually showed a cooling of approximately 

1.5° C per decade (Malhi 2005).  Significant trends in precipitation have not been found 
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across the Amazon Basin.  Although Laurance examined the drought tolerance of the 

affected genera and found little direct support for drought’s influence on the research 

area, he does acknowledge that the situation requires further examination.  A recent 

study, however, has revealed that the overall result from the pan-Amazonian 2005 

drought was mortality, a finding that stands in contrast to Laurance’s observed increase 

in stem density (Phillips et al. 2009).  The same study also cites that fast-growing light-

wooded tree species may be the most susceptible to the drought through cavitation or 

carbon starvation.  As a result, most of the dead trees resulting from the drought of 

2005 had lower wood densities than trees dying in years prior (2006 mortalities were 

5% lighter than in previous censuses, Phillips 2009).  As a stand recovers from a 

drought, it is easy to imagine both an increase in recruitment (to replace those 

individuals lost in the drought) and a recovery of light-wooded species that were lost.  

Both of these trends were observed in Laurance’s plots, so perhaps a further 

examination of any local droughts in the Manaus region in the recent past is required.   

 Ultimately, Laurance believes that the observed changes are most likely explained 

through an increase in forest productivity resulting from rising atmospheric CO2 levels.  

There are other potential drivers including increased insolation resulting from 

decreased cloudiness, enhanced nutrient deposition from pollution and forest fires 

(Chave 2008).  Increased forest productivity can account for the apparent increase in 

growth, recruitment and mortality rates, as well as the directional shift in species 

composition resulting in fast-growing canopy and emergent genera gaining an 

advantage.  Although no frame of reference for the tropics exists, the FACE (Free Air 

CO2 Enrichment) experiment in northern mid-latitude forests of North Carolina has 

repeatedly upheld Liebig’s Law of the Minimum showing that in an environment with 
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elevated atmospheric carbon levels, after an initial spurt, other factors such as soil 

fertility debilitate any further carbon uptake (Oren 2001).    Furthermore, it is uncertain 

if Laurance’s observed increases in growth are consistent with the 2-4% per decade rise 

in atmospheric CO2 or if they are discernable from fluctuating tree growth values in such 

a diverse and dense environment over so brief a study period. 

 Since Laurance published his observations, many have rushed to assess the 

inclusiveness of his findings.  An analysis of 2 million trees (≥ 1cm dbh) within 10 

treeplots across the American, African and Asian continents failed to support the 

hypothesis that fast-growing, canopy emergent genera are becoming more prominent 

across the tropics (Chave 2008). This study similarly failed to show a decrease in the 

biomass of slow-growing species.  A separate study looking at Barro Colorado Island, 

Panama and Pasoh, Malaysia provided strong evidence against a pantropical increase in 

tree growth resulting from enhanced resource availability such as carbon fertilization or 

anthropogenically enhanced nutrient deposition (Feeley 2007).  A separate analysis 

modeling tropical sequestration rates into future CO2 scenarios concluded that as a 

result of weakened carbon uptake, the observed changes in tropical forests are most 

likely being driven by other factors such as altering disturbance cycles, insolation levels 

or precipitation regimes (Chambers 2005).  

 A further point of contention arises from how Laurance handled the 

measurement of buttressed individuals in his plots.  Buttresses are a prominent feature 

on many large canopy emergent species yet he does not give any indication in either the 

article or supplementary material that he took proper precautions in accounting for 

buttress creep.  Buttresses move up a trunk as a tree grows and after they pass the point 

of measurement tend to greatly exaggerate the measured rate of growth.  Eliminating 
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this error, which would be especially prevalent in species that become tall emergents, 

requires measuring trees from ladders at non-conventional heights above any likely 

reach of buttresses and then correcting the values to estimate the measurement that 

would be expected at the conventional measurement height in the absence of buttresses. 

If Laurance et al. had actually undertaken such efforts to correct for buttresses creep 

they surely would have mentioned it in their report. In the early days of the Manaus 

plots, tree measurements were taken by local mateiros whose dedication to thorough 

and accurate measurements could be deemed suspect. Furthermore, the potential effect 

of buttress creep would be greatest in the fastest growing genera where growth rates are 

the highest, thus feeding back into his findings.  The slow-growing, densely wooded 

genera would be showing similar changes but at a lessened pace.   

 A final potential explanation behind Laurance’s observed changes in Manaus 

deals with the faunal presence in and around his plots.  It is entirely possible that most 

large animals could have been hunted out from nearby Manaus making his observed 

forest an empty forest devoid of major seed dispersers, like spider monkeys, which are 

known to be the principal dispersers of some hard-wooded genera like Pouteria, 

Manilkara and Micropholis (Sapotaceae).  This is important because a recent study of a 

known empty forest in Boca Manu, Peru found that many of the densely wooded species 

were more reliant on faunal dispersal for regeneration (Terborgh 2008).  This led to a 

similar result in Boca Manu to that observed by Laurance in that fast growing species 

benefited from employing still functional dispersal methods (smaller or undesired 

animals and abiotic components). 

 A comparison between sapling cohorts of the empty forest of Boca Manu and the 

faunally sound forest within the Trail 3 plot (analyzed above), revealed the 10 species  
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Figure 9 Comparison of the 10 species found to be 
exhibiting the greatest increases and decreases in 

abundance in a known “empty forest” in Boca 
Manu, Peru. 

that exhibited the largest increase and 

decrease in density resulting from a lack of 

large faunal abundance and dispersal ability 

(Appendix D, Terborgh 2008).  Identical to 

the methods above, an examination of wood 

specific gravity was undertaken in order to 

contrast these “winners” and “losers” of Boca 

Manu.  The results show astoundingly that 

80% of the winners were light wooded, while 

 70% of the losers were densely wooded.  It is impossible to deny the directional shift 

that is currently occurring in Boca Manu, and further credence must given to the 

possibility that Laurance’s examined plots are undergoing similarly forced changes 

resulting from a loss of important faunal species to hunting.   

  

 

Conclusions  

  

 Our planet’s undisturbed tropical forests are essential to the global carbon budget.  It is 

undeniable that these areas have become more dynamic in the past 20 years; however, precisely 

how these changes will influence the carbon storage capacity of the forests is still unknown.  On 

the other hand, if any directional shift related to the specific characteristics of tree genera or 

species is found, there will be no doubt about how the carbon budget will be affected.  William 

Laurance analyzed 18 hectares of undisturbed Amazonian Forest north of Manaus, Brazil and 

concluded that the region was undergoing a directional shift away from densely wooded 
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individuals towards fast growing emergents.  Furthermore, Laurance cites rising atmospheric 

CO2 levels as the only capable factor of driving the observed changes. Here, I have analyzed the 

population density and basal areas of  >11,000 adult individuals from 7 undisturbed treeplots in 

Manu National Park, Peru looking for similar evidence of any directional shift.  The results here 

have shown that although the rate of change in presence amongst the analyzed genera is more 

than twice the value expected by chance alone, there is no evidence supporting any directional 

alteration in composition.  Accordingly, many alternative explanations have been posed 

attempting to account for what could be driving the changes seen in Laurance’s study.  Perhaps 

the most plausible of these is the notion that Laurance’s forests are not as undisturbed as 

previously thought, and in fact historical hunting may have left these areas devoid of large faunal 

species essential for the seed dispersal and regeneration of densely wooded species. 

 The observed changes occurring in Manu National Park may not have been 

directional, but they were still more than 2 times greater than chance alone would 

dictate.  Again, these results must be taken cautiously due to the additive and canceling 

deviations that were certainly present amongst congeneric species.  Approximately half 

of these cases would be additive, thereby exaggerating the number of cases showing 

significant deviations from expectation.  Regardless, postulations as to what exactly 

could be driving the observed changes should still be made.  In order to do this 

successfully, more needs to be known about the natural disturbance regime in order to 

help dictate whether or not anthropogenic factors such as rising atmospheric carbon 

levels or nutrient deposition are influencing the forests’ dynamics more than the natural 

events.  Perhaps the most ideal way to examine the influence of elevated carbon levels 

on undisturbed tropical forests is through the creation and implementation of a tropical 

FACE experiment within the Neotropical forests.  A second important method that can 
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be undertaken, one that is much more logistically feasible, is to examine whether or not 

the observed increases in basal area growth observed in Manu and Manaus are 

consistent with the levels of atmospheric CO2 growth (~2-4% per decade).  Clearly if 

these communities are growing at a rate inconsistent with the rise of atmospheric 

carbon, there must be other factors exerting influence over these surprisingly dynamic, 

undisturbed forests.  At the bare minimum, however, simply continuing to monitor 

these and other Neotropical sites in order to establish consistent, long-term datasets is 

essential.  The limited amount of existing historical information on the tropical forests 

means that our first objective must be to accrue this data henceforth. 
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Appendix 
A.  Species Composition of Significant genera: 
 
Increasing across Sheil’s 95% CI: 
Genus/Species Initial Interval Count Final Interval Count Percent Change 
Quararibea 406 439 8.10% 
Q. ochrocalyx 79 81 2.53% 
Q. wittii 327 358 9.48% 
Drypetes 99 115 16.16% 
D. amazonica 52 69 32.69% 
D. medium 47 45 -4.26% 
D. peruviana 0 1 Inf. 
Calatola 80 95 18.75% 
C. microcarpa 15 15 0.00% 
C. sp.nov. 6 6 0.00% 
C. venezuelana 58 69 18.97% 
C. venezuelense 1 5 400.00% 

 
Decreasing Across Sheil’s 95% CI: 
Genus/Species Initial Interval Count Final Interval Count Percent Change 
Huertea (entirely 
H. glandulosa) 30 19 -36.70% 
Rollinia 37 26 -29.70% 
R. Unknown 4 0 -100.00% 
R. Pavoni 15 14 -6.67% 
R. pitieri 18 12 -33.33% 
Pterocarpus 
(entirely P. rohrii) 35 24 -31.40% 

 
Increasing Across Sheil’s 99% CI: 
Genus/Species Initial Interval Count Final Interval Count Percent Change 

Theobroma 227 263 15.90% 
T. cacao 220 255 15.91% 

T. speciosa 3 3 0.00% 
T. speciosum 3 4 33.33% 
T. subicanum 1 1 0.00% 
Iryanthera 27 49 81.48% 
I. juruensis 10 18 80.00% 
I. olacoides 17 30 76.47% 
I. unknown 0 1 Inf. 
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Decreasing Across Sheil’s 99% CI: 
Genus/Species Initial Interval Count Final Interval Count Percent Change 
Lonchocarpus 
(entirely L. spiciflorus) 111 83 -25.23% 
Oenocarpus 31 12 -61.29% 

O. bataua 30 12 -60.00% 
O. weberbaueri 1 0 -Inf 
Attalea (entirely A. 
cephalotes) 319 269 -15.70% 

 
 
 
B. Wood Density of Species with Significantly Altering Population Densities 
 
Genus/Species Increasing or Decreasing? Mean Wood Specific Gravity 

99%   
T. cacao Increasing 0.42 
I. juruensis Increasing 0.66 
I. olacoides Increasing 0.62* 

A. cephalotes Decreasing 0.33 
L. spiciflorus Decreasing 0.77 
O. batuau Decreasing 0.68* 
   

95%   
Q. wittii Increasing 0.47 
D. amazonica Increasing 0.67 
C. venezuelana/venezuelense Increasing 0.66 

H. glandulosa Decreasing 0.43 
R. pitieri Decreasing 0.27 
P. rohrii Decreasing 0.46 

 
Values from Chave, 2006.  * Indicates value shown is congeneric average. 
 
C. Wood Density of Species with Significantly Altering Basal Area 
 
Genus/Species Percent Change Mean Wood Specific Gravity 
Batocarpus amazonicus 28.66% 0.53 
Drypetes amazonica 45.39% 0.67 
Drypetes medium 32.64% 0.70* 
Guapira “unknown” 8.96% 0.67* 
Iryanthera juruensis 79.23% 0.66 
Iryanthera olacoides 76.65% 0.62* 
Oenocarpus batuau -39.10% 0.68* 
Guatteria ovalis 33.57% 0.59* 
Sorocea pileata 26.88% 0.61* 

 
Values from Chave, 2006.  * Indicates value shown is congeneric average. 
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D.  Wood Density of Winning and Losing Species in Boca Manu, Peru 
 

Winners Species Wood Specific Gravity 
Ficus maxima 0.36 
Pourouma minor 0.44 
Virola calophylla 0.51 
Nectandra longifolia 0.53 
Unonopsis mathewsii 0.54 
Inga acreana 0.57 
Neea RF#5005 0.64 
Caraipa densiflora 0.64 
Aspidosperma megaphyllum 0.67 
Dispyros subrotata 0.67 

 
Losers Species Wood Specific Gravity 
Matisia cordata 0.37 
Rheedia/Garcinia brasiliensis 0.57 
Iryanthera olacoides 0.62 
Calatola microcarpa 0.66 
Trichilia spetentrionalis 0.66 
Pouteria trilocularis 0.67 
Licania britteniana 0.68 
Zizyphus cinnamomum 0.69 
Maytenus magnifolia 0.73 
Chrysophyllum venezuelelana 0.76 

 


