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Abstract

The secondary tropical semi-deciduous forests located at the lower slopes of the Sierra Nevada de Santa
Marta, Colombia, have been developed in the last decades as a result of unsustainable forest management
and a large emigration flux created by the internal conflicts in the country.

Today, the owners do not see profitability in using the forests resources and, therefore, the areas are rapidly
being transformed into other land uses, creating imbalances in the ecosystem by losing the capacity to
provide goods and services. This situation partially results from the unawareness of the stakeholders and
institutions about the potentials and alternatives to include the forests in the economic portfolio of activities
in the farms.

One alternative for the use of the secondary forests is the production of timber, but the traditionally
commercialized species are overexploited and, as consequence, rare, partially also protected by law. Therefore,
the actual potential is mainly concentrated in the utilization of lesser known species. Those species account
for roughly 93 % of the forest species in the tropics, and their inclusion into the management activities is
considered to be relevant for achievement of sustainable forestry. However, information about the species
with respect to wood properties, potential uses or possibilities of introduction into the forest industries is
missing.

The objectives of this research were focused on filling some gaps of information about the species for the
study region and on evaluating the possibilities of utilization of lesser known species as a way to increase
the forests value and by this mitigate its conversion to other land uses.

A consistent methodology was applied to create a baseline for linkages between the secondary forests
resources and the forest industries. With interviews to the locals, a forest inventory and scientific information
available, the secondary forests structure and composition of tropical semi-deciduous forests relicts in the
Sierra Nevada de Santa Marta was evaluated. The results indicate the presence of 64 tree species with
only 2 of them being available commercially today, giving evidence that the secondary forests have good
potential for utilization of lesser known species.

Out of the pool of species found in the forests, eight lesser known species were methodologically selected as
potentially usable for quality timber production, namely Cordia sp., Gyrocarpus americanus, Pseudobombax
maximum, Schizolobium parahybum, Acacia glomerosa, Machaerium capote, Platypodium elegans and
Senna sp.. Physical and mechanical properties of the selected LKS were tested on defect free samples and
statistically analyzed. The assessment of the wood properties indicates that they are competitive with other
species already commercialized.

In order to identify the possibilities of lesser known species inclusion in the local and regional markets,
structured and non-structured interviews were carried out with the actors in the wood commercialization
chain of the region, from landowner to sawmill. The results indicate that the lesser known species have
good possibilities to be included in the local markets, especially in the cities of Fundacion and Santa Marta,
however, in order to assure the implementation of them in the industries it would be recommended to
generate strategies for their promotion.

Based on the outcomes of this research, it is concluded that the secondary forests have potential to
contribute to the regional economy by the implementation of LKS, however, only under a sustainable forest
management it will be possible to generate a long-term provision of timber and in this way assure an extra
income for the land owners and develop interest for secondary forests preservation.

Keywords: Lesser utilized species, wood properties, wood marketing, commercialization chain, Colombia,
secondary forests.

v



vi



Contents

List of Figures ix

List of Tables xi

1 Introduction 1

1.1 General introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Study objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2.2 Specific objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Conceptual framework/State of the art 5

2.1 Tropical semi-deciduous forests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.1.1 Climatic and biological factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.2 Floristic diversity and forest structure . . . . . . . . . . . . . . . . . . . . . . . . 7
2.1.3 Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.1.4 State of tropical semi-deciduous forests . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.5 State of research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.6 Secondary tropical semi-deciduous forests . . . . . . . . . . . . . . . . . . . . . . 9

2.2 Lesser known species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.1 LKS relevance for sustainable forest management . . . . . . . . . . . . . . . . . . 10
2.2.2 Critical approaches to LKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3 Materials and methods 15

3.1 Study region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.1.1 Climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1.2 Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.1.3 Past and present land use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.2 Study area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.3 Forest structure and composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.3.1 Forest inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.3.1.1 Size and shape of the plots . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.3.1.2 Parameters evaluated in the forest inventory . . . . . . . . . . . . . . . 23

3.3.2 Stand composition and structure . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.3.3 Statistical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.4 LKS Selection, collection and preparation . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.4.1 Selection criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.4.2 LKS collection and sample preparation . . . . . . . . . . . . . . . . . . . . . . . . 29

3.5 Wood properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.6 Market situation for LKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4 Results and discussion 37

4.1 Validity in the selection of the study area . . . . . . . . . . . . . . . . . . . . . . . . . . 37

vii



4.2 Forest structure and composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.2.1 Stand composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.2.2 Forest structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
4.2.3 Standing volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.3 Selected LKS species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.3.1 Low density species (LDS) description . . . . . . . . . . . . . . . . . . . . . . . . 45
4.3.2 High density species (HDS) description . . . . . . . . . . . . . . . . . . . . . . . 47

4.4 Wood quality and properties of LKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
4.4.1 Physical wood properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.4.2 Mechanical wood properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.4.3 Overall discussion on wood properties . . . . . . . . . . . . . . . . . . . . . . . . 66

4.5 Market situation and potential for LKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.5.1 Wood supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
4.5.2 Forest owners’ participation in regional markets . . . . . . . . . . . . . . . . . . . 71
4.5.3 LKS participation in the timber markets . . . . . . . . . . . . . . . . . . . . . . . 73

5 General discussion 77

5.1 Do the secondary tropical semi-deciduous forests have enough resources to implement a
sustainable management? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.2 Are LKS an alternative for quality timber production in secondary forests? . . . . . . . . . 79
5.3 Is it possible to introduce LKS from the tropical semi-deciduous forests in Colombia to the

markets? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
5.4 Research limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

6 Conclusions 87

7 Summary 89

Zusammenfassung 93

Resumen 97

Bibliography 101

A Appendix. Field form and species list 111

B Appendix. Visual characteristics of wood of evaluated LKS 115

viii



List of Figures

3.1 Location of the study region and study area. a. Colombia’s geographical location in South
America. b. Study region’s location in Colombia. c. Study region showing the location
of the main cities. The green patches indicate the actual forest relicts, while the red ones
indicate the deforestation in the last 25 years. The study area (Santa Monica) is shown as a
solid yellow square. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.2 Mean climatic conditions according to a climatic station in Fundacion . . . . . . . . . . . 17
3.3 25 years of deforestation in the study region. Green represents forests, red indicate the

large-scale crops or plantations while the pale yellow shows other non-forest land uses. From
left to right, the satellite images were from 1985, 2003 and 2010. Source: Kattenborn (2012) 19

3.4 Tropical semi-deciduous forest in the study area. Photo taken in January 2010, one month
after the beginning of the dry period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.5 Study area. The circles indicate the location of the sampling plots visualizing the methodical
approach used in the forest inventory. Source satellite image: Google Earth 2007. . . . . 22

3.6 Schema of the measurements made at tree level in the forest inventory. . . . . . . . . . . 24
3.7 Systematic sample collection for production of poles of all selected LKS. a. tree species

harvest. b. wood billets codification. c. wood billets transport on field. d. stock before
transport. e. boards produced in a local sawmill. f. boards for production of poles and g.
wood poles ready for transport to Germany. . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.8 Wood samples preparation for determination of wood density, swelling and shrinking, MOE,
MOR and compression parallel to fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.1 Cumulative number of species over the inventoried area. . . . . . . . . . . . . . . . . . . 38
4.2 Importance value index for identification of species dominance. Here the 20 most relevant

species in the forests of the study area are shown . . . . . . . . . . . . . . . . . . . . . . 40
4.3 Importance value index for dominance of the first 20 families. . . . . . . . . . . . . . . . 41
4.4 Distribution of stem density and basal area (m2) with respect to 7 diameter classes in the study

area Santa Monica. The invert J distribution for individuals’ abundance is characteristics of
natural tropical forests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.5 Cluster of species evaluated according to their density (at 12 % moisture content). Two
clear groups have been identified, namely high density species (HDS) and low density species
(LDS). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.6 Variations in density at 12 % moisture content, with respect to the radial direction for the
LKS selected (HDS: high density species; LDS: low density species). The x axes indicate
the position, from pith (1) to bark (highest number). The dispersion of points are for two
heights, blue for 1,3 m high and green for 3,8 m high. . . . . . . . . . . . . . . . . . . . 50

4.7 Variability in the density values for the HDS according to breast height tree diameter (DBH) 51
4.8 Tangential and radial shrinkage in relation to density for LDS. The values are indicated from

fiber saturation point to four moisture contents. . . . . . . . . . . . . . . . . . . . . . . 54
4.9 Tangential and radial shrinkage in relation to density for HDS. The values are indicated from

fiber saturation point (FSP) to four moisture content . . . . . . . . . . . . . . . . . . . 55
4.10 Relationship of volumetric shrinkage from fiber saturation point to four different moisture

contents (18, 12, 8 and 0 %) and wood density for all species analyzed. . . . . . . . . . 56

ix



List of Figures

4.11 Coefficient of anisotropy in shrinkage in relation to density from fiber saturation point to
four moisture contents (18, 12, 8 and 0 %) for all species analyzed . . . . . . . . . . . . 57

4.12 Representation of the anomaly values for P. maximum and Cordia sp. with respect to
tangential dimensional changes. The shrinkage at 12 % corresponds to the value measured
before fiber saturation point for all the species. Notice the peak beyond 0 % for Cordia sp.
and above 8 % for P. maximum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.13 Tangential and radial shrinkage for Cordia sp. and P. maximum at different moisture
contents. 100-12 shows the wood shrinkage obtained at 12 % moisture content before wood
samples immersion in water until reaching fiber saturation point. The shrinkage values for
the other moisture contents, including 12b, were done after reaching maximum moisture
content in the wood in the laboratory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.14 Relationship between modulus of elasticity non-destructive (MOEdyn) and destructive
(MOEstat) for all LKS analyzed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.15 Modulus of elasticity (MOE) in relation to density for all LKS analyzed . . . . . . . . . . 63
4.16 Modulus of rupture (MOR) in relation to density for all LKS analyzed . . . . . . . . . . . 63
4.17 Relationship between static modulus of elasticity (MOEstat) and modulus of rupture (MOR)

for all LKS analyzed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
4.18 Compression parallel to fibers versus species densities . . . . . . . . . . . . . . . . . . . . 65
4.19 Participation of wood transformation industries in Colombia. Sawmills supply the construction

and furniture industries, being responsible for at least the 77 % of the timber markets in
Colombia. Source: Lozano and Acosta (1999) . . . . . . . . . . . . . . . . . . . . . . . . 67

4.20 Main provenance of wood commercialized in Barranquilla, Santa Marta and Fundacion (red
dots). The black dots initiating the arrows indicate wood provenance. It is to notice that
the roads are not always in best conditions for transport, which adds time and costs to the
wood supply chain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

4.21 Wood commercialization channels in the Study area . . . . . . . . . . . . . . . . . . . . 69

B.1 Wood visual characteristics of Cordia sp. (low density species) . . . . . . . . . . . . . . . 116
B.2 Wood visual characteristics of Gyrocarpus americanus (low density species) . . . . . . . . 117
B.3 Wood visual characteristics of Pseudobombax maximum (low density species) . . . . . . . 118
B.4 Wood visual characteristics of Schizolobium parahybum (low density species) . . . . . . . 119
B.5 Wood visual characteristics of Acacia glomerosa (high density species) . . . . . . . . . . . 120
B.6 Wood visual characteristics of Machaerium capote (high density species) . . . . . . . . . 121
B.7 Wood visual characteristics of Platypodium elegans (high density species) . . . . . . . . . 122
B.8 Wood visual characteristics of Senna sp. (high density species) . . . . . . . . . . . . . . . 123

x



List of Tables

3.1 Qualitative and quantitative variables measured in the Forest Inventory . . . . . . . . . . 23
3.2 List of criteria evaluated for selection of LKS and weights attributed to each attribute. . . 28
3.3 Number of wood samples used in the physic-mechanical tests . . . . . . . . . . . . . . . 31

4.1 Comparison of the species diversity values represented by the number of species, the Shannon-
Wiener index (Hs) and the Evenness index for the study area Santa Monica and other tropical
forests of the Neotropics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.2 Descriptive statistics of the species densities at 12 % MC in g/cm3 . . . . . . . . . . . . . 49
4.3 Mean and standard deviation (SD) of low density species (LDS) wood shrinkage from fiber

saturation point (100 %) to different moisture contents (18, 12, 8 and 0 %). . . . . . . . 53
4.4 Mean and standard deviation (SD) of high density species (HDS) wood shrinkage from fiber

saturation point (100 %) to different moisture contents (18, 12, 8 and 0 %). . . . . . . . 53
4.5 Mean values of modulus of elasticity (MOE), modulus of rupture (MOR) and compression

parallel to grain for all LKS evaluated at 12 % moisture content. . . . . . . . . . . . . . . 61
4.6 Land use distribution in the study region. The The data have been processed out of

Gomez-Alonso (2011). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4.7 Most commercial species found in the markets of Fundacion, Santa Marta and Barranquilla

(Gomez-Alonso, 2011) and the groups of potential LKS substitutes. (LDS: low density
species, HDS: high density species) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

5.1 LKS wood properties compared to most commercialized species in the markets of Fundacion,
Santa Marta and Barranquilla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

A.1 Field form utilized during the inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
A.2 List of species found in the study area. The habit of the species is indicated according to

the observations on field. T=Tree, P=Palm and L=Liana . . . . . . . . . . . . . . . . . . 113

xi





Nomenclature

ASTM American Society for Testing and Materials

AUC Autodefensas Unidas de Colombia

CORPAMAG Corporacion Autonoma Regional del Magdalena

DIN German Institute for Standardization (Deutsches Institut fuer Normung)

EN European Standards

FAC Fuerzas Armadas de Colombia

FAO Food and Agriculture Organization of the United Nations

FSP Fiber Saturation Point

GDP Gross Domestic Product

HDS High Dense Species

IPPC International Plant Protection Convention

ITCZ Intertropical Converge Zone

ITTO International Tropical Timber Organization

IVI Importance Value Index

LDS Low Dense Species

LKS Lesser Known Species

MC Moisture Content

MEA Millennium Ecosystem Assessment

MOE Modulus of Elasticity

MOR Modulus of Rupture

REDD Reducing Emissions from Deforestation and Forest Degradation

UNCCD United Nations Convention to Combat Desertification

UNESCO United Nations Educational, Scientific and Cultural Organization

xiii


