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Prologue 
 
 Burn to be wild… this title is not just randomly chosen. I have a 
burning feeling inside of me to live my life full of adventure. And an 
adventure it was indeed, this thesis about fire- and logging effects in a 
Bolivian forest. And yes, the forest was wild, full with strangling climbers, 
prickly bromeliads and creepy animals. I saw trees which I had never seen 
before. I saw beautiful flowers, butterflies and monkeys. I tasted exotic fruits 
and I enjoyed the richness from this diverse country. Next to setting up a 
research, performing my fieldwork, and analyzing my results, I learned so 
much more from this thesis. I learned Spanish and I experienced the way of 
living in a South American country. What an amazing experience! 
 I really want to thank the following people: Don Juan Alvarez, our 
treespotter. He fought our way through the dense forest with his machete. 
Without his help my fieldwork would have been impossible. Renske 
Oussoren, to keep up with me for such an intense period. Inpa parket, to let 
me perform my research in their forest. My supervisors Lourens Poorter and 
Bonifacio Mostacedo for their advice and support. All the colleagues of IBIF, 
especially Carlos Pinto, Joseph Veldman, Lars Markensteijn and Geovana 
Carreño. To be so helpful and good friends. My Bolivian family (Mery, Negro, 
Mericita and Liliana) where I stayed during my time in Santa Cruz. My friends, 
the trainers and the headmistress at Club Siete, who made my Bolivian 
adventure even more colourful. And last but not least Rens Wijnakker for 
helping me with the lay out of this report. 

Quiero dar mis más sincero agradeciemiento a todas las personas que 
han colaborado en mi proyecto. ¡Un grande abrazo, mis amigos! 
 
Saskia Grootemaat 
May 2008 
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Summary 
 
This research was accomplished in a tropical dry forest in the eastern 

lowlands of Bolivia. Fire and logging are common features in these forests 
and they can influence the forest structure and regeneration processes. Two 
years after fire- and 3 years after logging-experiments by IBIF (Instituto 
Boliviano de Investigacíon Forestal) 60 permanent plots were established in 
four different treatment areas: no fire, unlogged (NF-NL); no-fire, logged 
(NF-L); fire, unlogged (F-NL) and fire-logged (F-L).  

Abiotic factors like canopy openness, pH of the soil, soil compaction 
and litter cover were measured in these plots. The cover of several life forms 
(trees, climbers, bromeliads, grasses and forbs) was estimated and 
information about the regeneration of trees was collected. This information 
included regeneration density, mode of regeneration (seedling/resprout), 
morphologic species, vertical height, commercial value and shade-tolerance 
guild of the trees.    

 Both fire and logging changed the abiotic conditions; fire showed 
stronger disruptive effects than logging. The cover of ground bromeliads and 
trees were negatively affected by fire; no fire-effect was found for climber- 
or forbcover. Logging did not change the coverpercentage of any of these 
lifeforms. The regeneration density of trees was not influenced by fire or 
logging. The regeneration consisted mostly out of seedlings although 
notable more resprouts were found at the fire- no logging (F-NL) treatment. 
 Species richness decreased by disturbance by fire or logging, while 
commercial species showed no difference in abundance between the four 
treatments. No clear relationships were found with respect to the shade-
tolerance. A first attempt was made to show the relations among 
disturbances by fire and logging, abiotic conditions, life form cover and tree 
growth. To complete this, more data is needed. 
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1. Introduction 
 

This research is about the effects of forest fires and logging on the 
regeneration in a seasonally dry tropical forest in Bolivia. Although this 
region in eastern Bolivia consists of one of the largest remaining areas of 
tropical dry forests (Fredericksen 2000, Killeen et al. 1998), its existence is 
threatened, and it is considered to be one of the most endangered 
ecosystems of the tropics. This is because the forests are rapidly converted 
into agricultural land and settlements (Dinerstein et al. 1995 in Kennard & 
Putz 2005, Vieira & Scariot 2006). 

Already for hundreds of years, fire is used by the native people of the 
region. Nowadays a rapid expansion of the burning-practices is taking place. 
Fire is used to clear the area for agricultural fields and grasslands for cattle 
grazing (McDaniel et al. 2005, Otterstrom et al. 2006). Often the flames of 
these practices spread into the adjacent forest, and (combined with severe 
drought) this causes devastating and uncontrolled wildfires (McDaniel et al. 
2005, Pinard et al. 1999). Furthermore, the effects of the climate change are 
likely to increase the fire frequency. Extreme drought and high temperatures 
create conditions where wildfires can develop easily (IBIF 2006, Pinard et al. 
1999).  

These wildfires are of concern for several reasons. First of all, the 
species composition and the structure of the forest will change (Goldammer 
1999, Kennard et al. 2002, Pinard & Huffman 1997), as well as the 
regeneration processes (Pinard et al. 1999). A development into forests 
which are dominated by fire-adapted species may occur, and herbaceous and 
woody climbers may proliferate after fire. Secondly, there will be damage to 
(commercial) trees and the quality of standing timber may be reduced (Pinard 
& Huffman 1997, Pinard et al. 1999). This will automatically lead to loss of 
economic value of the forest (Gould et al. 2002, IBIF 2006). Last but not 
least, many people are affected by wildfires. They might loose their land and 
homes, and the smoke causes respiratory diseases and eye-problems. 
Sometimes the smoke is so thick that schools are closed and flights are 
cancelled (McDaniel et al. 2005, IBIF 2006, Kennard 2004). Because of all 
this, the Bolivian government and international development groups show a 
growing interest to preserve the forest and to discourage the conversion into 
non-forest land-uses (McDaniel et al. 2005, Nittler & Nash 1999). 

 
Logging is one of the most important economical practices in South 

America (Cochrane & Schulze 1999) and timber is one of the major export 
products of Bolivia (Economywatch 2004, Nittler & Nash 1999). Although 
unstructured low-intensity logging took place for many decades 
(Fredericksen 2000), nowadays there is more concern about (sustainable) 
forest management in Bolivia. Logging can gradually degrade the economic 
value of the forest by failures in regeneration and reductions in the standing 
timber quality (Fredericksen 2000). This diminished production-value of the 
forests makes them more vulnerable for conversion into other applications of 
the land; i.e. grazing by cattle, agriculture or human settlements 
(Fredericksen 2000).  
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Besides this, logging and fire are interrelated. Forest fires can damage 
and kill commercial trees; the quality and potential value of the forest is 
strongly diminished by fire (Pinard et al. 1999). On the other hand, logging 
makes forests more susceptible to fire (Holdsworth & Uhl 1997, Siegert et al. 
2001, Uhl & Kauffman 1990, Woods 1989) and the impact of fires is far more 
severe in logged forests than in unlogged forests (Blate 2005, Siegert et al. 
2001). This is because there is an increase in fuel loads by logging waste 
(Blate 2005, Siegert et al. 2001, Uhl & Kauffman 1990) and solar radiation 
will reach the understory in logging gaps, which will dry out the fuel 
(Holdsworth & Uhl 1997, Uhl & Kauffman 1990). 

 
But fire and logging have not only negative effects. Fires have probably 

played an important role in the development of these Bolivian forests and dry 
forests include species which are adapted or resistant to fires (Gould et al. 
2002, Vieira & Scariot 2006). Low intensity forest fires may reduce fuels and 
reduce the risk of more destructive fires in this way (Otterstrom et al. 2006). 
The regeneration of some (commercial) species may even be favoured by fire 
(Kennard et al. 2002) or logging (Nabe-Nielsen et al. 2007, Van Rheenen et 
al. 2004). This might be used for management practices (Gould et al. 2002, 
Kennard et al. 2002, Kennard, 2004, Nabe-Nielsen et al. 2007, Otterstrom et 
al. 2006, Pinard & Huffman 1997, Pinard et al. 1999), for example to apply 
controlled burning or to intensify loggingpractices to stimulate the 
regeneration of light-demanding species. Because the processes and effects 
of forest fires, logging and their interactions are still poorly understood, we 
need more research to find out how they affect the forest dynamics (IBIF 
2006). 
 
 
 
2. Theoretical framework 
 
2.1 Impact of fires and logging on the abiotic conditions in a forest 
 

Both fire and logging open up the canopy (Cochrane & Schulze 1999, 
Fredericksen & Mostacedo 2000, Gerwing 2002, Woods 1989). By opening 
the canopy by logging, warmer and drier microclimates derive from 
increasing incoming solar radiation. This leads to rapid fuel drying and 
stimulates again the occurrence of fires in the logging gaps (Holdsworth & 
Uhl 1997, Uhl & Kauffman 1990). Soil compaction is increased by both fire 
and logging. Soil organic matter content is lowered by high intensity fires 
and this likely influences the soil strength, bulk density and water infiltration 
rates (Kennard & Gholz 2001, Rab 1996). The spaces left by the organic 
matter and fine roots will be filled with soil particles and ash (Durgin & 
Vogelsang 1984 in Certini 2005). This increases the soil strength and bulk 
density. Furthermore soils will be compacted by the pressure of heavy 
logging machinery (Rab 1996, Schnurr-Pütz 2006). Decreased pore-space 
could lead to lower infiltration rates (Kennard & Gholz, 2001). Next to this, 
fire and logging also increase the exposition of mineral soil (Fernandez et al. 
2007, McIver & McNeil 2006). 
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Fire has some specific effects on the soil nutrient availability; the 
concentrations of calcium (Ca), potassium (K), magnesium (Mg), phosphorus 
(P) and nitrogen (N) will increase after fire (Certini 2005, Kennard & Gholz, 
2001). pH-values of the soil will be higher after fire, due to the basic 
characteristics of ash (Certini 2005). Litter serves as fuel and will burn, so the 
litter cover will decrease after fire (Rab 1996). This is in contrary to logging, 
where litter and woody debris increase (Blate 2005, Gerwing 2002, Rab 1996, 
Siegert et al. 2001, Uhl & Kauffman 1990). 
 
 
2.2 Impact of forest fires and logging on the distribution of different life 
forms 
 
 Disturbances like fire or logging can have different effects on the 
vegetation forms which survive or will establish after such events. With 
respect to fire, trees will be damaged and killed by fire (Pinard et al. 1999), 
but on the other hand some woody species are resistant to fire by their thick 
barks and most woody species exhibit a strategy to survive the fire or persist 
in the forest through seeding and resprouting (Otterstrom et al. 2006). 
Ground bromeliads disappear with fire (Francis 2008, Kennard 2004, 
Mostacedo et al. 2001) and this may facilitate the regeneration for other life 
forms. Wildfires will stimulate climber proliferation, especially the abundance 
of climbers < 1 cm in diameter, and they impede the regeneration of other 
plants (Gerwing 2002, Gould et al. 2002, Pinard et al. 1999, Woods 1989). 
Grasses benefit from recurrent fires and they can invade (logged) forests 
after fire (D’Antonio & Vitousek 1992, Mostacedo et al. 2001, Pinard et al. 
1999, Woods 1989). Higher forb-cover was found after fire in a research by 
Mostacedo et al. (2001).  

With respect to logging, trees will experience an increase in mortality 
(Woods 1989). Obviously the trees which are felled for timber are killed, but 
furthermore trees are accidentally damaged and killed by the 
loggingpractices (Woods 1989). In logging gaps climbers recruit in high 
abundance the first years after logging (Heuberger et al. 2002, Schnitzer et 
al. 2004, Woods 1989). 
 
 
2.3 Impact of forest fires and logging on (commercial) tree-regeneration 
 
2.3.1 Regeneration density and mode (seedling/resprout) 
 Many commercial tree species are shade-intolerant and their 
regeneration depends on disturbances (Heuberger et al. 2002, Kennard et al. 
2002, Kennard 2004). By means of disturbances the competitive vegetation is 
removed, mineral soil exposure is higher and there is an increase in available 
nutrients. This stimulates the establishment and growth of certain shade-
intolerant tree species (Heuberger et al. 2002, Kennard et al. 2002, Kennard 
2004). Only logging gives not enough disturbance; the logging gaps are 
quickly colonized by climbers and this is unfavourable for the regeneration of 
tree species (Heuberger et al. 2002, Woods 1989). Far more regeneration is 
found after fire in comparison with unburned areas (Gould et al. 2002).  
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Regeneration can be divided into two main groups: vegetative 
regeneration (resprouts) and regeneration from seeds. Regeneration from 
seeds depends on wind-dispersed seeds or stimulated germination of 
dormant seeds in the seedbank (Otterstrom 2006, Pyne et al. 1996). 
Vegetative regeneration (resprouting) is a common response to disturbance 
of wooden and shrub-species (Gould et al. 2002, Pyne et al. 1996). 
Resprouts tend to be larger than seedlings because of their extensive root 
system and carbohydrate reserves (Gould et al. 2002, Kennard et al. 2002). 
 
 
2.3.2 Tree species richness 
 Species diversity is related with disturbances. Intermediate 
disturbances will produce the highest species diversity (Huston, 1994). Low 
frequency or intensity of disturbances will lead to competition which results 
in a lower diversity; while high frequency or intensity of disturbances will 
reduce the diversity because some populations will be unable to survive or 
recover from those disturbances (Huston, 1994). 

A change in fire frequency is likely to alter tree species composition 
(Pinard & Huffman, 1997). Gould et al. (2002) found that post-fire 
regeneration was dominated by a few species; the four most common species 
accounted for 86% of the regeneration. Some species had increased 
regeneration after fire, while other species had reduced regeneration, and 
some species showed no difference at all. Vieira and Scariot (2006) claim that 
frequent fire will ultimately simplify the community composition.  

One year following wildfires, Otterstrom et al. (2006) found 18 
completely new species (which were not there before the fire) of seedlings 
after fire. Furthermore, seedling densities of rare species increased after fire, 
while seedling densities of common species decreased. Commercial tree 
species tend to be shade-intolerant and they may need large disturbances as 
fire (Gould et al. 2002, Kennard et al. 2002, Kennard 2004, Pinard et al. 
1999). In a selectively logged forest in Borneo Indonesia, logging led to a 
significant higher tree species richness (Cannon et al. 1998). 
 
 
2.3.3 Shade tolerance 

 Tree species can be classified into groups of shade-tolerance. In 
Markesteijn et al. (2007), the following division is used (based on Jardim et 
al. 2003, Justiniano et al. 2004, Mostacedo et al. 2003 and personal 
observations): short-lived pioneers, long-lived pioneers, partial shade 
tolerant and shade tolerant species. Shade tolerant (ST) species can complete 
their whole lifecycle in the shade; they do not need direct sunlight. Partial 
shade tolerant (PST) species can establish in the shade, but need more light 
in later stages of their lifecycle, to reach their maximum stature in the high 
light environment of the forest canopy. Long-lived pioneer (LLP) species need 
intermediate light to establish and to grow to the high light environment of 
the canopy. Short-lived pioneers (SLP) are species that need high light for 
establishing and growing; they have a lifespan up to 30 year (Markesteijn et 
al. 2007).  
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Logging practices and fire open up the canopy (Cochrane & Schulze 
1999, Fredericksen & Mostacedo 2000, Gerwing 2002, Woods 1989), leading 
to more light available at the forest floor and the understory. This will 
stimulate the regeneration of light demanding pioneer species. Most trees 
with commercial values are light-demanding and they depend on 
disturbances for their regeneration (Kennard et al. 2002, Pinard et al. 1999).  
 
 
 
3. Research objectives 
 

Fire occurrence is increasing worldwide and forests are affected more 
and more. In Bolivia a rapid expansion of burning practices by local people is 
taking place and this will undoubtedly have its consequences on the adjacent 
forests. Although fire has played a role in the development of the dry forests 
in Bolivia, the fire frequency is increasing now and the fire-forests 
interactions are not completely understood.  
Logging is the most important human activity in Bolivian forests. How are 
logging and fire related? And which impact has logging on the forest 
structure? 
 
 
3.1 Objective 
 

The objective of this study is to evaluate the effects of fire and logging 
on the regeneration in dry forests of Bolivia, two years after fire and three 
years after logging. 
 
 
3.2 Research questions 
 

1) What are the effects of fire and logging on the abiotic conditions (i.e. 
canopy openness, pH-, water infiltration rate- and density of the soil, 
and the litter-, woody-, and mineral soil cover)? 

2) Do fire and logging affect the abundance of different life forms (i.e. 
trees, climbers, forbs, grasses, ground bromeliads)? 

3) Is there more or less regeneration (total amounts of young plants) after 
fire and logging; and what is the mode (seedling or resprout) of this 
regeneration? 

4) How do fire and logging affect the tree species richness and how do 
commercial tree species respond in particular? 

5) How are the abiotic factors, life form cover and tree growth related to 
each other? 
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3.3 Hypotheses 
 

1)  Because leaves and branches will burn by fire, the canopy will be more 
open after fire. Ash of forest fires will increase the pH value of the soil 
of burned areas. In comparison with unburned areas, the soil density 
will be higher and lower infiltration rates can be expected after fire 
because the spaces left by the burned soil organic matter will be filled 
by soil particles and ash. The litter and woody debris cover will be 
lower after fires, because they serve as fuel and will burn during a fire. 
The mineral soil cover is expected to be higher after logging or fire 
because in both cases there is disturbance of the soil. Logging will 
open the canopy considerable and may increase the soil compaction 
while trees are removed by heavy machines. The increased soil density 
will reduce the speed of water infiltration. There will be more woody 
cover after logging because only the felled log is harvested from the 
forest and all the logging-waste is left behind. The hypotheses on the 
abiotic conditions are outlined in the following table (Table 1). 

 
Table1. Hypotheses about changes of abiotic conditions by fire and logging in a 
Bolivian dry forest. + = increase, - = decrease, o = no change, or no thoughts 
about. 

Abiotic factor fire logging 
Canopy openness + + 
pH + o 
Soil density + + 
Water infiltration rate - - 
Litter cover - o 
Woody debris cover - + 
Mineral soil cover + + 

 
2) Light demanding grasses will increase after fire, as well as light-

demanding trees. Fast-growing forbs and climbers will profit from the 
extra available light as well. Succulent ground bromeliads will decrease 
after fire because they will experience a high mortality. When there is 
no fire, partial shade tolerant trees and succulent plants will dominate. 
They can start their life cycle in the shaded forest understory, and do 
not depend on light for successful regeneration. In logged forests 
there will be more forbs and climbers which profit from the higher 
irradiance in logging gaps and the disturbed soil which could increase 
their establishment.  

 
3) Most regeneration of trees will be found after the highest disturbance 

level, i.e. logging with fire. There are less or no competing plants left, 
it is easier for seedlings to establish the soil which is damaged by 
machines, and there is more light available. After 2 years the 
regeneration will mostly consist of resprouts because seedlings are 
much more vulnerable and sprouts can take advantage of the already 
established root system and carbohydrate reserves.  
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4) In comparison with undisturbed vegetation, there will be more species 
after fire or logging because some light demanding (shade intolerant) 
pioneer species will show up while the pre-established (partial) shade 
tolerant species will remain (intermediate disturbance hypothesis). 
There will be less species at the highest disturbance level (i.e. 
combination of logging and fire) because these spots will be 
dominated by a few light-dependent long-lived and short-lived 
pioneer species. Commercial tree species-numbers will be highest at 
the highest disturbance level because most commercial species are 
shade-intolerant and will profit from the large disturbance by logging 
and fire.  

 
5) Because the abiotic conditions may change by fire and logging as 

discussed before (i.e. an increased canopy openness, more mineral 
soil), climbers, grasses and seedlings/resprouts of trees will increase 
in the disturbed areas. This could lead to a loss in tree growth because 
there will be competition by the other lifeforms. Fast growing climbers 
and grasses might invade the growing places of trees and this makes it 
harder for trees to establish and grow.  

 
 
 
4. Methodology 
 
4.1 Study site 
 

This research was accomplished in cooperation with IBIF (Instituto 
Boliviano de Investigación Forestal) which have their main office in Santa 
Cruz, Bolivia. The field station and research area are located at INPA. This 
area consist of 30.000 ha forest which is private property of INPA Parket 
Ltda. It is situated in the province of Ñuflo de Chávez (16˚6’S, 61˚42’W) of 
the department of Santa Cruz, in the eastern lowlands of Bolivia (Figure 1 and 
2) (IBIF 2006). The mean altitude of the study area is 458 m above sea-level. 
                 

Figure 1. Map of South America Figure 2. Map of Bolivia 

INPA 



Chapter 4. Methodology 

 8 

The mean annual temperature at Concepción, circa 40 km from the 
study site, is 24.3˚C. The mean annual rainfall is 1.160 mm and there is a 
dry period from May until October (with monthly precipitation less than 100 
mm per month) (IBIF 2006, Markesteijn et al. 2007). During this dry season 
95% of the species drop their leaves (IBIF 2006). The natural vegetation is 
classified as ‘Dry Chiquitano Forest’ i.e. tropical dry forest (IBIF 2006). 115 
tree species with diameter >10 cm have been identified, and the species 
richness is 34 species per ha. Of those 115 species circa 17 species are 
mentioned as commercial species. The forest has a density of 437 stems per 
ha and the basal area is 19.7 m² per ha (IBIF 2006, Markesteijn et al. 2007). 
The forest canopy has an average height of 22 m with some trees reaching 
up to 30 m (Markesteijn et al. 2007). The forest is owned by INPA and is 
managed at a low intensity (4-6 trees/ha). The used rotation cycle is 20 years 
and a minimum diameter cutting limit of 40 cm is used (Mostacedo pers. 
comm.).  
 
 
4.2 Experimental design 
 

In September 2005, IBIF has performed a fire-experiment in the forest 
of INPA. Four study-sites of 300 x 300 m received two different treatments: 
logging (yes or no), and fire (yes or no). There is no evidence that natural 
fires had occurred in this area the years before. Fire is not homogeneous, but 
has an extensive spectrum of different fire intensities (Pyne et al. 1996). It is 
rather difficult to distinguish different fire intensities in the field, especially 
after two years, as is the case for this study. Although the fire occurrence and 
intensity was not homogeneous in the burned plots (C. Pinto and J. Veldman, 
pers. comm.), I expect that the site-conditions changed in general; canopy 
openness (i.c. light availability) or soil composition will not only change on 
the burned spots but will influence a larger area. Therefore it is possible to 
compare the ecology of the ‘burned’ with the ‘unburned’ forests. 
Next to the fire-treatment, two of the four sites had been logged in 
December 2004 (roughly one year before fire, and 3 years before this study), 
in which trees with a minimum diameter of 40 cm were removed (± 5 trees 
per ha, Mostacedo pers. comm.). So in total we end up with 4 different 
treatment-combinations (Figure 3): 

1) No fire - Unlogged (NF-NL). This can be seen as a control plot. There 
was no fire, and no logging took place at this site. 

2) No fire - Logged (NF-L). There was no fire, but the area has been 
logged in 2004.  

3) Fire - Unlogged (F-NL). This site was burned during the fire-
experiments of IBIF; no logging took place at this site. 

4) Fire - Logged (F-L). This site was burned during the fire-experiments 
of IBIF and the area was logged in 2004. 
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Figure 3. Schematic survey of the experimental design in the forest of INPA, Bolivia. The 
four treatment-combinations are spatially located in this way.  

 
 

The following methodology uses more or less the same design as C. 
Pinto (unpublished report, IBIF) used in similar studies on the effects of forest 
fires in La Chonta and Sagusa in Bolivia. In this way the three sites can be 
compared with each other. In each of the four treatment combinations 15 
subplots of 1 x 5 m were placed at randomly chosen coordinates. In total 4 x 
15 = 60 plots were established. All subplots were aligned to the north 
(Figure 4). The plots were placed with a minimum distance of 50 m from each 
other to collect independent data. In all of the four different sites, there are 
paths in north-south direction at every 50 m. The plots were situated at 5 
meters from the trails, to avoid the negative effects from trampling. The 
subplots were marked by PVC-tubes on each corner. These plots were 
installed and measured in October and November 2007, two years after the 
fire-experiments.  
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Figure 4. Example of the spatial placement of the subplots. In every ‘treatment-area’ 
there were 15 subplots (1x5 m), which are outlined here with green squares. The 
minimal distance between the subplots is 50 m. There are pathways in the vertical 
direction at every 50m.  
 

 
4.3 Field measurements 
 
(Abiotic factors) 

- To estimate the light availability, canopy openness was measured with 
a densiometer (Spherical Crown Densiometer, Concave – model C, 
Forestry Suppliers) at 1 m above the ground. At each side (north-east-
south-west) of an experimental plot, four measurements (to the north-
east-south-west) were made, so 4 x 4 = 16 measurements in total per 
plot. 

- To measure the soil compaction, soil samples with a volume of 135 ml 
were taken. Soil samples were oven-dried at 78˚C for four days. After 
this the soil samples were weighed for their dry mass (in grams). The 
soil bulk density was calculated as grams per cm³. 

- To measure the soil pH, a little bit of soil was mixed with demi-water. 
pH paper (Nahita, Universal indicator paper, pH 1-14) was used to 
estimate the pH value. 

- The water infiltration rate was measured with a PVC cylinder (diameter: 
1.75 cm), filled with water, placed 5 cm into the soil. The water 
infiltration rate (in ml/cm²/s) was calculated as the time needed to 
drop the water level by 10 cm (after Kennard & Gholz 2002). 

- The % cover of litter, % cover of woody debris and the % cover of 
mineral soil were visually estimated (in whole percentages). 

- Signs of fire were recorded by estimating the percentage of surface soil 
covered by ash and the charring height on the bark of the trees within 
a radius of ten meters around the plot. 
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(Biotic factors) 
- Each visible woody plant (with a minimum height of 2.5 cm) was 

counted, and identified to (morphologic) species with the help of a 
tree-spotter. Furthermore the vertical height from ground to top of 
each individual plant was measured.  

- All woody plants were labelled to be able to monitor growth and 
mortality in the future. 

- The woody tree-species were classified as commercial species or not, 
based on a list of the sawmill of INPA provided by IBIF. The commercial 
species in this forest were: Cari Cari Colorado (Poeppigia sp.), Curupau 
(Anadenanthera colubrina), Gabetillo (Aspidosperma rigidum), 
Jichituriqui (Aspidosperma sp.), Mani (Sweetia fruticosa), Momoqui 
(Caesalphinia pluviosa), Moradillo (Machaerium sp.), Morado 
(Machaerium scleroxylon), Paquio (Hymenaea stigonocarpa), Quina 
(Myroxylon balsamum), Sirari (Copaifera chodatiana) and Tipa (Tipuana 
tipu). 

- The vegetation was subdivided into the following life forms: tree, palm, 
climber, forb, fern, grass, ground bromeliad and epiphyte (Appendix I) 
and the % cover of these life forms was estimated up to the crownlayer 
(≤ 30 m). Climbers which grew in a plot but did not have their roots in 
the plot were recorded because their existence will have an effect on, 
for example, the light availability for other plants. Because there can be 
different layers in the vegetation, the total cover can exceed 100%.  

- The woody plants were divided after a list by Markesteijn et al. (2007) 
and Poorter & Kitajima (2007) into four different classes of shade 
tolerance: shade tolerant (ST), partial shade tolerant (PST), long lived 
pioneers (LLP) and short lived (SLP) pioneers (as discussed before). 

- The mode of regeneration was determined (sometimes by digging) to 
make a distinction between seedlings and resprouts.  
 

 
4.4 Statistical analyses 
 

Not all regeneration plots in the burned areas showed visible signs of 
fire after 2 years. To verify if plots without direct fire-signs (ash or charring 
on the bark) showed the same responses as plots with fire signs, a t-test was 
performed (Appendix II). At the burned and unlogged treatment (F-NL) six of 
the 15 plots showed fire signs, nine did not. The comparison between these 
two groups (fire-signs vs. no fire-signs), with respect to the abiotic 
conditions and the life form cover, came up with one significant difference: 
the pH-value of the soil was higher in the plots with fire-signs (t = -4.472, 
df = 13, p = 0.001). In the burned and logged area (F-L) ten of the 15 plots 
showed fire signs, whereas five plots did not. The comparison between these 
plots with and without fire-signs did not show any significant difference at 
all. From these results it can be concluded that the fire had an effect on the 
whole area (even if direct fire-signs could not be seen), and all the 60 plots 
were therefore used for further statistical analyses. 
 Two-way ANOVAs were performed to investigate if there is an effect of 
fire, logging and their interaction on the abiotic conditions, the life form 
cover and the regeneration of trees. In these tests the regeneration plots 
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were taken as the units of replication, and ‘fire’ and ‘logging’ as fixed 
factors. To improve the homogeneity of variance, square root-, logarithmic- 
or arcsine-transformations were used when necessary. A Tukey post-hoc test 
was performed to evaluate which of the four treatment-combinations (NF-
NL, NF-L, F-NL, F-L) differed significantly from each other. Associations 
among abiotic factors were evaluated using Pearson correlations. A graph of 
a Principal Component Analysis, with all the abiotic factors as variables, was 
made to show how the different abiotic factors together explain the variance 
in the observations. Based on the values from this ordination, the 60 
regeneration plots were plotted in another graph to see if differences could 
be found between the four treatment-combinations.  

The density of resprouts could not be evaluated with an ANOVA, 
because too many plots had zero-values to be able to perform an ANOVA 
test. Instead, a non-parametric Chi-square test was used. For this end the 
total sum of sprouts of all 15 plots per treatment combination was 
calculated. The analysis was repeated twice; once for the resprout genets 
(only the genetic individuals), and once for the resprout ramets (where all the 
sprouts were taken into account, also if they belonged to the same 
individual). A Chi-square test was also used to evaluate whether the 
regeneration of the most abundant tree species differed between the four 
different treatment-combinations.  

To evaluate whether regeneration consisted mainly of early-or late-
successional species, a successional index was calculated, based on the 
shade-tolerance of the species. Each shade-tolerance guild got an ordinal 
number from one to four: ST = 1, PST = 2, LLP = 3 and SLP = 4. All the trees 
in the regeneration plots were multiplied by their shade-tolerance number 
and these values were summed. This value was subsequently divided by the 
total number of stems in the plots, to give an average value of shade-
tolerance. The lower this number, the higher the shade tolerance.  

The relations between fire and logging, abiotic factors and life form 
cover were described using a path analysis. In such a path analysis, the 
contribution of different predictors on the dependent variables was 
compared by using multiple regressions (Sterck et al. 2006). Diagrams were 
made in the software program called “DIA” to illustrate the relations in the 
path-analysis. Causal relationships are represented by arrows, accompanied 
by the standardized regression coefficients. All the statistical analyses were 
performed using SPSS 14.  

 
 
 
5. Results 
 
Two-way ANOVAs were used to evaluate the effect of fire and logging on 
(a)biotic conditions (Table 2). 
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Table 2. Mean cover or abundance of abiotic and biotic factors in a dry forest of Bolivia (ANOVA results). F-, p- and R²-values are 
given, even as the mean values (with letters based on Tukey post hoc tests).  

    

Variable Unit df Fire   Logging Fire*Logging R² Mean       
      F p F p F p   NF-NL NF-L F-NL F-L 

Abiotic                           
pH   1 19,44 0,000 4,36 0,041 0,49 0,489 0,30 5,1a 5,3a 5,7ab 6,1b 
soildensity (SQRT) g/cm³ 1 0,44 0,512 0,85 0,362 0,14 0,713 0,03 0,89a 0,86a 0,93a 0,87a 
water infiltration rate (SQRT) cm³/cm²/s 1 7,17 0,010 0,12 0,731 0,06 0,811 0,12 0,24a 0,25a 0,11a 0,13a 
canopy openess (ARCSIN) % 1 20,06 0,000 1,27 0,265 4,50 0,038 0,32 5,20a 4,73a 6,39ab 8,23b 
littercover (ARCSIN) % 1 4,92 0,031 0,18 0,677 0,07 0,794 0,08 76,5a 77,2a 64,0a 67,6a 
woodydebris (ARCSIN) % 1 5,66 0,021 3,82 0,056 1,91 0,172 0,17 9,1a 10,4a 11,4ab 20,9b 
Mineralsoilcover (ARCSIN) % 1 5,40 0,024 8,16 0,006 2,54 0,116 0,22 0,2a 0,8a 0,5a 5,8b 
PCA1   1 28,36 0,000 5,48 0,023 2,62 0,111 0,39 -0,62a -0,47a 0,14a 0,96b 
PCA2   1 0,87 0,355 1,49 0,228 0,54 0,466 0,05 -0,06a -0,18a 0,37a -0,13a 
error   56                       
Biotic                           
climbers (LOG(X+1))  % 1 2,67 0,108 1,52 0,223 0,01 0,939 0,07 15,29a 12,43a 20,67a 16,42a 
bromeliads (LOG(X+1))  % 1 11,06 0,002 1,37 0,247 0,58 0,448 0,19 8,90a 7,67a 3,29ab 1,28b 
forbs (ARCSIN) % 1 1,70 0,198 0,62 0,433 0,72 0,398 0,05 1,3a 0,6a 1,5a 1,5a 
Trees (ARCSIN) % 1 26,64 0,000 2,12 0,126 4,12 0,047 0,37 25,3a 27,4a 13,2ab 3,8b 
regeneration of trees (<1m) * #/5m2 1 1,29 0,260 1,75 0,191 0,16 0,695 0,05 6,7a 5,4a 5,7a 3,2a 
regeneration of trees (<1m) ** #/5m2 1 0,08 0,772 3,11 0,083 1,79 0,187 0,08 6,7a 6,0a 8,5a 3,2a 
seedlings (<1m)  #/5m2 1 1,90 0,173 0,92 0,342 0,01 0,907 0,05 6,5a 5,3a 4,7a 3,2a 
all species #/5m2 1 3,92 0,053 4,90 0,031 0,01 0,908 0,14 4,8a 3,5ab 3,6ab 2,4b 
commercial species (SQRT) #/5m2 1 3,58 0,064 0,49 0,486 0,97 0,330 0,08 0,9a 1,0a 0,6a 0,2a 
regeneration of commercial trees (<1m) #/5m2 1 3,22 0,078 0,32 0,573 0,04 0,851 0,06 2,1a 2,3a 0,7a 1,2a 
shadetolerance *** per plot 1,48 3,99 0,051 1,49 0,229 0,79 0,379 0,12 1,4a 1,7a 1,2a 1,3a 
error   56                       

* = genets (resprouts counted as one genetic individual) 
** = ramets (all sprouts counted) 
*** = how lower the values, how higher the shade-tolerance. 
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Figure 5. Responses of A) canopy openness, B) bromeliad cover, and C) regeneration of 
seedlings and resprouts (< 1m tall), to fire and logging in a dry Bolivian forest. The 
bars represent the (backtranformed) mean values, including the standard error. Tukey 
post hoc-outcomes are represented by letters (a, ab, b).  
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5.1 Abiotic conditions 
 

There was a significant effect of fire (p < 0.001), and interaction of fire 
x logging (p < 0.05) on canopy openness (Table 2). Canopy openness 
increases after fire, especially under logged conditions (Figure 5a). Both fire 
(p < 0.001) and logging (p < 0.05) had an effect on the pH of the soil. The 
pH is higher after fire or logging. The highest pH-value was found in the 
burned and logged area. No significant difference was found in the soil 
density between the different treatment-combinations. This in contrast with 
the water infiltration rate, which was significantly lower after fire (p = 0.010) 
(Table 2). The litter cover was lower after fire (p < 0.05); furthermore had fire 
a positive effect on the amount of woody debris (p < 0.05). Fire and logging 
both had an effect on the cover of mineral soil (p < 0.05 and p < 0.01 
respectively); the most mineral soil can be found after the combination of fire 
and logging. The association among abiotic factors was analyzed with a 
Principal Component Analysis (PCA)) (Figure 6 & 7).  
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Figure 6. Component plot of all measured abiotic factors in the forest of INPA, Bolivia. 
Total explained variance is 51.4%. 
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Figure 7. Location of the 60 subplots in a multivariate space, based on the values  
of the Principal Component Analysis. 

 
 
35.2% of the variance in environmental characteristics is explained by the 
first PCA axis (x-axis); 16.2% of the variance is explained by the second PCA 
axis (y-axis) (Fig 6). A higher pH, a more open canopy, more mineral soil 
cover and more woody debris appear all closely  together in the loading plot, 
which means that they are closely and positively associated. These factors 
are all influenced by fire. The outcome corresponds with the bivariate results 
of the Pearson correlation table (Appendix III). Litter cover is found at the 
opposite site of the first PCA axis, which indicates that it is negatively 
correlated with woody debris, mineral soil and the other variables.  

The position of the 60 plots in a multivariate space is given in figure 7. 
There is a significant (p < 0.001) difference on the first PCA axis between the 
burned (red) and unburned (green) plots, and also between the logged (▲) 
and the unlogged (o) plots (p < 0.05). There is no significant separation of 
different treatments on the second PC Axis (Table 2). 
 
 
5.2 Life form cover 
 

First of all it is worth to mention that hardly any ferns, palms or 
epiphytes were present in the forest-patches where the research was 
performed. Grasses were only substantial abundant in the burned and logged 
areas. Although grass was only two times present in the experimental plots, 
the grass cover was in those cases 80 and 25 % respectively. No significant 
effects of fire or logging were found for climbers and forbs. Fire had a clear 
negative effect on bromeliad cover (p < 0.01) (Table 2) (Figure 5b). Both a 
fire (p < 0.001) and a fire x logging-interaction (p < 0.05) effect were found 
on tree cover (Table 2); tree-cover was lowest after the combination of 
logging and fire. 
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Figure 8. Relative life form cover at four different treatment-areas in a dry forest of 
Boliva. The total cover (> 100%) of the different life forms is set to 100%, and the 
relative proportions of the different groups are calculated. The letters (a, ab, b) display 
if there is a significant difference in abundance among the treatments, based on Tukey 
post-hoc tests (p < 0.05). 

 
All the life forms counted up in a relative graph give an overview of the 

shifts in life forms cover after the different treatments (Figure 8).Although it 
seems that there is a difference in the abundance of climbers between the 
treatments, the univariate two-way ANOVA test did not confirm this (Table 
2). The apparent difference is probably caused by rescaling cover into relative 
cover. 
 
 
5.3 Regeneration  
 

The regeneration density of seedlings and sprouts (< 1m height) did 
not vary significantly among the four treatment combinations (Table 2, 
Figure 5c). Remarkable is, that the regeneration density tended to be lowest 
(although not significantly) in the most disturbed areas (i.e. after a 
combination of fire and logging). The mode of this regeneration consisted 
mostly of seedlings (paired t-test on density of seedlings and resprout for 
each plot; t

 
= 4.40, p < 0.001, n = 60 plots). The density of seedlings 

showed no significant difference between the plots. This is in contrast with 
the density of resprouts, where the χ2 test (Appendix IV) clearly showed that 
the resprout density differed among treatment-combinations; it was highest 
in the burned, unlogged area (Figure 9). The density of commercial species 
(either as small plants or all plants included) did not differ significantly 
among the treatments. 
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Figure 9. Regeneration of trees (<1m) in four different treatment-areas in a dry 
Bolivian forest. A distinction is made between resprouts (ramets) and seedlings. 

 
5.4 Tree-species richness and abundance of commercial species 
 

Logging had a negative effect (p < 0.05) on the amount of species 
(Table 2). Species richness was lowest at the area exposed to both fire and 
logging. The highest number of species was found in the control area (no 
fire, no logging). With respect to the shade-tolerance, no significant 
difference was found between the four treatment combinations. Fire had 
almost a significant effect (p = 0.051, Table 2) on the average shade 
tolerance of regenerating trees. Strangely enough, the burned plots 
contained more shade-tolerant trees than the unburned plots.  

The results of the Chi-square tests of the most abundant species are 
summarized in a table (Table 3): 
 
 
Table 3. Chi-square results of the most abundant species. ** p < 0.01, *** p < 0.001. 
The distribution of the trees among the different treatment combinations is given in 
percentages (%). Commercial value and shade tolerance of the species is added in the 
last columns. Curupau=Anadenanthera colubrina, Guapurucillo=Myrtaccae sp., 
Mapabi=Neea cf. steimbachii, Maria pretinha=Phyllantghus sp., Momoqui=Caesalpinia 
pluviosa, Moradillo=Machaerium acutifolium, Tasaa=Acosmium cardenasii.  

Species 
(<1m) Chi² p 

% of the 
observations   n 

comm. 
value 

shade 
tolerance 

     
NF-
NL NF-L F-NL F-L       

Curupau 30,6 *** 6,7 0,0 6,7 86,7 15 yes PST 
Guapurucillo 15,3 ** 20,7 17,2 55,2 6,9 29 no ST 
Mapabi 5,0   35,9 30,8 20,5 12,8 39 no ST 
Maria Pretinha 3,1   27,3 29,5 29,5 13,6 44 no ST 
Momoqui 25,5 *** 84,6 0,0 0,0 15,4 13 yes PST 
Moradillo 46,8 *** 11,6 69,8 14,0 4,7 43 yes LLP 
Tasaa 6,8   35,3 20,6 29,4 14,7 68 no ST 
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Curupau (Anadenanthera colubrina) is more present at F-L (p < 0.001). In 
comparison with the other areas, more Guapurucillo (Myrtaccae sp.) was 
found at F-NL (p < 0.01). Momoqui (Caesalpinia pluviosa) was significantly 
more present at NF-NL (p < 0.001), while Moradillo (Machaerium 
acutifolium) was significantly more present at NF-L (p < 0.001). Mapabi 
(Neea cf. steimbachii), Maria pretinha (Phyllantghus sp.) and Tasaa 
(Acosmium cardenasii) showed no differences, they are equally distributed 
among the treatments.  

 

 
5.5 The path-analysis 
 

The path analysis shows multiple regressions which gave the following 
results: fire had a significant positive effect on pH (p < 0.001), canopy 
openness (p < 0.001), and woody debris (p < 0.05), and a negative effect on 
litter cover (p < 0.05) (Fig 9, Appendix V). Logging had a significant positive 
effect on pH (p < 0.05) and woody debris (p < 0.05). This is presented in the 
first step of the path-diagram (Figure 10). The values next to arrows 
represent the standardized regression coefficients, and indicate the strength 
of the relationships.  

Figure 10. Path-diagram of the relations among fire & logging, abiotic factors and life- 
form cover in the forest of INPA (Boliva), based on multiple regressions. Standardized 
regression coefficients are given next to the arrows. *** p < 0.001, ** p < 0.01 and * p 
< 0.05. 
 

For those environmental variables that were significantly affected by 
fire or logging, it was evaluated whether they also had an effect on the cover 
of the different life forms. This is presented in the second step of the path 
diagram. Canopy openness had a negative effect on the cover of trees (p < 
0.05) and forbs (p < 0.05). Litter cover and cover of woody debris had both a 
negative effect on the cover of bromeliads (p = 0.01 and p < 0.01 
respectively). 
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6. Discussion 
 

The results of the ANOVA test and post-hoc test are not always in 
agreement with each other. For example, in the ANOVA-table (Table 2) water 
infiltration and litter cover differed significantly according to the ANOVA-test 
result, whereas no significant differences were found with the Tukey post-
hoc test. Strictly seen, this post hoc test belongs to a one-way ANOVA 
instead of a two-way ANOVA. The two-way ANOVA is in this case the most 
appropriate test to use as it has more statistical power than the post hoc-
test. Therefore in these cases, where the letters not correspond with the 
results of the ANOVA, it is in fact ‘bad luck’ that the post hoc-test did not 
came up with the same results.  

 
 
 

Table 4. Overview of the expected changes and outcomes of the abiotic factors, life 
form cover and regeneration densities in a dry forest of Bolivia. 
+ = increase, - = decrease, o = no change/effect, or no thoughts about.  

Abiotic factor Fire   Logging Fire x Logging 

  Expected Result Expected Result   Result 
canopy openness + + + o  + 
pH + + o +  o 
soil density + o + o  o 
water infiltration rate - - - o  o 
litter cover - - o o  o 
woody debris - + + o  o 
mineral soil cover + + + +   o 

       

Life form cover Fire   Logging Fire x Logging 

  Expected Result Expected Result   Result 
climbers + o + o  o 
grasses + o o o  + 
ground bromeliads - - o o  o 
forbs o o + o  o 
trees + - o o   - 

       

Regeneration densities Fire   Logging Fire x Logging 

  Expected Result Expected Result Expected Result 
total number + o + o + o 
seedlings + o o o + o 
resprouts + + + o + - 
number of species + o + - - - 
number of commercial species + o o o + o 

 
 
 
 
 
 
 
 
 



Chapter 7. Conclusions 

 21 

6.1 Changes in abiotic conditions 
 

In Table 4 the expected and observed effects of fire and logging are 
presented. Fire and logging both showed some expected and un-expected 
results. Fire increased the canopy openness as expected. Trees, branches 
and leaves will burn by fire, and this opens the canopy (Freeman et al. 2007); 
there will be more light available. There was also an interaction-effect of fire 
and logging, leading to an additional increase in canopy openness. Strange 
enough, logging alone did not affect canopy openness significantly. This 
could be due to the fact that the measurements were taken 3 years after 
logging, and the canopy openness was measured with a densiometer at 1 m 
above ground level. Fast-growing climbers could already have expanded and 
closed the vegetation layer at 1 m above ground level, although no such a 
significant increase in climbers was found in this research. 
 The higher soil pH-values after fire can be explained by the basic 
ashes which remain after a fire (Certini 2005). The pH of the soil was also 
affected by logging. There are two possible explanations for this finding, but 
none seems to be applicable to this case. First, compacted soils may enhance 
anaerobic proton-consuming processes, such as the reduction of iron and 
sulphate (Schnurr-Pütz et al. 2006), leading to an enhanced pH. However, 
this explanation does not apply to this case, because soils in the logged 
treatments were not more compacted than soils in the unlogged treatments. 
Second, extra base cations from extra leaf litter could increase the pH after 
logging (F.E. Putz, pers. comm.), but no significant increment was found in 
litter cover (%). Unfortunately the depth of the litter layer was not measured. 
Furthermore the measurements were taken 3 years after logging practices so 
the litter might already be decomposed.  
 
 A denser soil was expected after fire and logging. After fire, the pores 
and spaces left by burned organic matter will be filled with ash-particles and 
minerals (Durgin & Vogelsang 1984 in Certini 2005, Kennard & Gholz 2001), 
while logging compresses the soil by pressure of the heavy machinery (Rab 
1996, Schnurr-Pütz et al. 2006). In contradiction to the expectations, there 
was no significant soil compaction after logging or fire. The logging 
machines did not ride everywhere as there are special skidtrails. Although the 
plots were randomly distributed, apparently none of them was on a skidtrail 
or in a logging gap. Very odd as well, there was no relation at all between 
soilcompaction and waterinfiltration rate. The only thing found was a 
significant negative effect of fire on the waterinfiltration rate. Possibly the 
measurements of soilcompaction and waterinfiltration rate were not accurate 
enough to detect the expected differences. 
 Litter serves as fuel and will burn. The litter cover indeed decreased 
after fire, as expected. The same result was expected for woody debris, but 
the cover of woody debris increased after fire. The cover of woody debris 
after fire consisted mostly of (big) parts of trees which were half-burned. As 
a result, there was more woody debris after fire, because not everything 
burned completely and this leaves half-burned logs. Logging led to a nearly 
increase of woody debris (p = 0.056), probably because logging results in 
more logging waste (Blate 2005, Uhl & Kauffman 1990). There was more 
mineral soil both after logging and fire. This confirms the hypothesis that 
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there is more mineral soil after disturbance. Plants and litter are burned by 
fires which leave bare/mineral soil. Furthermore the machines scarify the soil 
by logging.  

A higher pH, a more open canopy, more mineral soil cover and more 
woody debris are found closely together in the loading plot of the PCA-
analysis (Figure 6). This means that they are closely and positively 
associated. These factors are all positively influenced by fire. Litter cover is 
found at the opposite site of the first PCA axis, which indicates that it is 
negatively correlated with woody debris, mineral soil and the other variables; 
litter burns with fire. Although both fire and logging are important and have 
a significant effect on the abiotic conditions, fire had (far) more impact than 
logging. The position of the 60 plots in the multivariate space (Figure 7) 
confirms this; there is a clear distinction between the burned and unburned 
plots, while the distinction between the logged and unlogged plots is less 
clear.  
 
 
6.2 Changes in life form cover 
 

It was expected that fast growing climbers would profit from the extra 
light available after disturbances, but no significant difference in climber 
cover was observed between the burned and unburned areas and no 
significant differences were found between logged and unlogged areas (Table 
2). This is in agreement with the results of Mostacedo et al. (2001) in a dry 
tropical forest in Las Trancas, where also no fire effect was found on the 
climbers. However, Mostacedo et al. (2001) did find a post-fire increase in 
climber cover after fire in a subhumid forest. So maybe water-availability is 
the limiting factor for climber growth. In the dry forest, there might be not 
enough water for the climbers to expand enormously, while the wetter 
conditions in the subhumid forest are favourable for climber growth. The 
forbs showed no difference between the treatment combinations, and they 
were very scarce anyway. Remarkable is that the ANOVA model explained 
little of the variation in climber and forb cover (respectively 7 and 5 %).  

Fire had a clear negative effect on ground-bromeliads. It seems 
therefore that bromeliads are vulnerable to fire. This result corresponds with 
the results found by Mostacedo et al. (2001) and Kennard (2004) for 
bromeliad-abundance after fire. A possible explanation could be that the 
ground bromeliads are close to the soil surface, the place where the flames 
are spreading during a surface fire and were the heat is highest. Also, big 
amounts of fuel (litter and woody debris) are located there. Furthermore 
bromeliads do not have protective tissues such as bark that trees and 
climbers have; bromeliads therefore burn and scorch by fire. The growing 
rate is low and the recovery of bromeliads after fire is slow (Francis 2008). 
 

With respect to the cover of trees there was a significant effect of fire, 
and a logging x fire interaction-effect. In the most disturbed area (fire + 
logging) the cover of trees was lowest. This can be explained by the fact that 
in this area trees were removed by harvesting, and at the same time trees 
died by the fire. Furthermore, trees are relatively slow-growing life forms, so 
the newly regenerating trees are still small, causing a low cover of trees.  
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 The relative graph of life form distribution (Figure 8) gives a nice 
overview on the distribution of the different life forms in the four treatment-
areas. If the control plot (NF-NL) is compared with the most affected plot  
(F-L), it seems like the burned and logged plot consists of more (but smaller) 
groups of different life forms than the control plot, which consists mainly of 
trees, climbers and bromeliads. After logging and fire, forbs and grasses also 
become important. Consequently, when the disturbance is big enough (in 
this case fire + logging) several life form strategies have opportunities to 
grow and there is no dominance of trees anymore. Furthermore, logged and 
unlogged plots within the no fire treatment (so NF-NL versus NF-L) differ 
hardly in life form composition. Fire seems to have a bigger influence on the 
life form distribution than logging.  
 
 
6.3 Regeneration after fire and logging 
 

Plants were considered to be ‘post-fire regeneration’ when they were 
smaller than 1 m tall. Such a threshold limit is quite arbitrary, and does not 
have the same meaning in each treatment combination. Measurements were 
taken two years after fire and some fast growing trees might be already taller 
than 1 m. Above all, there are slow growing species, smaller than 1 m, which 
could be older than 2 years. So they already grew there before the 
experiments, and survived. In this case they are unjust labelled as ‘post-fire 
regeneration’. 

Most regeneration density was expected after the disturbance by fire 
and logging; there is less competing vegetation and it is easier for seedlings 
to establish on bare soils with extra light available (Kennard 2004, Nabe-
Nielsen et al. 2007). Nevertheless, no difference in the total amount of 
regeneration was found between the treatments (Table 2). This is in 
contradiction to the hypothesis, and the results from literature. Both Gould et 
al. (2002) and Mostacedo et al. (2001) found (5 years after fire) more 
regeneration in burned areas in comparison with unburned areas. 
Remarkable is that in the most disturbed area (F-L) the numbers of 
regeneration is lowest (albeit not significantly).  

Although resprouting is a common response to disturbance (Gould et 
al. 2002, Pyne et al. 1996), the regeneration in this research consisted 
mostly of seedlings (81 %). The same results were found by Gould et al. 
(2002) (86 %) and Kennard et al. (2002) (no numbers). Although there were 
much more seedlings than resprouts in both studies, they claim that there is 
a dominance and greater survivorship of sprouts, due to their overall larger 
size (Gould et al. 2002, Kennard et al. 2002). In this research no such 
outcomes were found.  

It is remarkable that there are significantly more resprouts (either 
genets or ramets) in the F-NL area. Trees start resprouting after disturbance 
(Gould et al. 2002, Pyne et al. 1996). So after fire, the buds will produce new 
shoots. No resprouts were found in the F-L area. It might be that the trees 
already started sprouting after the logging treatment. These sprouts were 
burned during the fire one year later and no reserves were left over to 
resprout again (W. Bond, pers. comm.). No clear increase was found after 
logging. I have no explanations for the difference between NF-L and F-NL. 
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6.4 Species richness, shade-tolerance and most abundant species 
 

There were significantly less woody species after logging, and almost 
significantly (p= 0.053) less after fire. The highest species richness was 
found in the control plot, in contradiction with the intermediate disturbance 
hypothesis (Huston 1994). The highest species richness was expected to 
occur after logging or fire, because then both the (shade tolerant) ‘climax’-
species and the light demanding pioneer species can be found in the 
vegetation (Figure 11 & 12). Maybe the disturbances of fire or logging were 
too severe, and the species-composition is in the right part of the 
hypothetical hyperbole (mainly stress-tolerant species).  
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Figure 11. Fictive hyperbole, based on the intermediate disturbance hypothesis. 
Expected number of species at the different treatments (increasing disturbance) on the 
x-axis. 
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Figure 12. Results of species richness at the different treatment- combinations in INPA, 
Bolivia. Mean number of species per plot (5 m²) after different levels of disturbance 
(treatment-combintaions). 

 
 
As expected the lowest species richness was found in the most 

disturbed area (F-L). It was hypothesized that the richness in disturbed plots 
would be low because these spots would be dominated by light-demanding 
pioneer species. However, the shade-tolerance analysis showed something 
completely different: the most affected plots (F-L) had the highest shade 
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tolerance (p = 0.051)(!). This can be explained by the fact that Curupau 
(Anadenanthera colubrina) was classified as partial shade tolerant (PST) in 
the index (based on lists by Markesteijn et al. 2007, Poorter & Kitajima 
2007), but it could also be classified as a pioneer species since it adores 
disturbances (Justiano & Fredericksen 1998).  

The density of commercial species (either as small plants or all plants 
included) did not differ significantly among the treatments. If we look at the 
most abundant species separately, Curupau is clearly more present after fire 
and logging (F-L). Curupau regenerates especially in opens spots (Mostacedo 
et al. 2003); consequently there is more regeneration of Curupau after 
disturbances. An increase in Curupau after fire was also found by Gould et al. 
(2002) and Mostacedo et al. (2001). This is interesting for production 
purposes, because Curupau is a commercial species. (Prescribed) burning 
could increase the regeneration of Curupau. Guapurucillo (Myrtaccae sp.) is 
significantly more abundant after F-NL. Guapurucillo is classified as a shade-
tolerant understory tree (L. Poorter, pers. comm.), so it is not clear why it is 
especially abundant at the F-NL treatment. Probable its presence is a-priori 
unequally distributed among the four treatments, there is spatial variability. 
The same might apply to Momoqui (Caesalpinia pluviosa); it is unevenly 
distributed and most abundant in NF-NL. Moradillo (Machaerium acutifolium) 
is more present after NF-L-treatment. It is a ‘long-lived pioneer’ (Markesteijn 
et al. 2007) and a good resprouter (L. Poorter pers. comm.); this could 
explain the higher abundance after logging. Possibly logging opens the 
forest enough for regeneration of Moradillo, while the effects of fire are too 
severe.  
 
 
6.5 Relations in the path-analysis 
 

With respect to the path-analysis it is regretful that not all information 
is available. For example there is no information about the abiotic conditions 
and standing vegetation prior to the experiments. Because the trees were 
only measured once (in this study) nothing can be said about tree growth or 
survival. The influence of other life forms on trees is also not clear yet. 
Nevertheless, it is a good attempt to show some relations between the 
different factors.  

Fire has a positive effect on pH, canopy openness and woody debris, 
for reasons discussed above. A more open canopy has negative effects on 
the cover of trees and forbs. The canopy openness, caused by the burning of 
trees, gives more openness and space for the regeneration of trees. But since 
seedlings (or resprouts) are still small with respect to their surface cover, 
they do not contribute considerably to tree cover. It would have been better 
to use tree density instead of tree cover in this case. Other studies showed an 
increase in forbs at more open canopies after fire (Bowles et al. 2007, 
Laughlin & Fulé 2008) but these might be short term responses (Glasgow & 
Matlack 2006). Furthermore measurements were taken at the end of the dry 
season; maybe the conditions were too severe (hot and dry) for the forbs in 
the more open areas.  
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Both litter and woody cover had a negative effect on the abundance of 
ground bromeliads. Litter, woody debris and ground bromeliads all occupy 
the forest soil. If the soil is covered by woody debris or litter it might be 
harder for ground bromeliads to establish there. Besides this, woody debris 
is a sign of fire (as discussed above) and since bromeliads are fire susceptible 
this clarifies the relationship. 

  
 

6.6 Limitations of this study  
 
In this research 60 plots of 5 x 1 m were used. Because fire has such 

heterogeneous effects, it would be a good idea to establish more plots to 
gain more insight in the effects of fire. Furthermore the sight of the tree-
spotter is not very good; Don Juan is already an old man, and his sight has 
become less. It might be that some species are wrong denominated. Next to 
this, the 4 areas were not completely adjacent and this can cause for spatial 
variability. On the other hand, in this way they could not influence each other 
with respect to the different treatments. It would have been better to have 
more big plots with the same treatments, to avoid pseudo-replication (W. 
Bond, P. Frost and den Ouden, J. pers. comm.), but with respect to this, the 
experimental design  of this study was restricted to the set-up of the 
experiments by IBIF. It really is a pity that there were no measurements done 
before the treatments and also none immediately after the fire-experiments. 
In two year time already a lot can change and grow.  
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7. Conclusions 
 

The objective of this study was to get more insight into changes in 
abiotic conditions, vegetation cover and tree-regeneration after fire and 
logging in a Bolivian dry forest. Although it is very interesting how this 
ecosystem reacts on fire and logging, it does not say anything about other 
forests in the world. Results in other forests can be completely different and 
generalisations should not be made after such a research as this.  

Both fire and logging changed the abiotic conditions; fire seems to be a 
bigger disrupter than logging because it showed more significant changes in 
the abiotic factors than logging. The cover of ground bromeliads and trees 
were negatively affected by fire; no fire-effect was found for climber- or 
forbcover. Logging did not change the cover percentage of any of these life 
forms. The regeneration density of trees was not influenced by fire or 
logging. This regeneration consisted mostly out of seedlings. Species 
richness decreased by disturbance by fire or logging, while commercial 
species showed no difference in abundance between the four treatments. No 
clear relationships were found with respect to the shade-tolerance.  

 
A first attempt was made to show the relations among disturbances by 

fire and logging, abiotic conditions, life form cover and tree growth. To 
complete this, more data is needed. We have tagged all woody seedlings and 
it would be very interesting to follow the future development of this 
regeneration. I suggest investigating the same plots the upcoming years. 
Future research could focus on the long term growth and survival of trees. 

Fire and logging have an impact on the regeneration and the structure 
of the forest and this should be taken into account for management 
purposes. Disturbance by means of fire or logging could be used to promote 
the regeneration of a commercial species like Curupau (Anadenanthera 
colubrina), which regenerates especially in open spots. On the other hand, 
(based on the results of this study) the species richness declined by the 
disturbances of fire and logging. To keep species richness at the current 
level, fire and logging should be excluded from the forest. 
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