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Morphological variation of Cedrela odorata (Meliaceae): contrast 
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Abstract:
Background and Aims: Cedrela odorata (Spanish cedar) is a tropical tree native to America with an im-
portant international trade market. In this study, the morphological variation of C. odorata was compared 
among three conditions: logging, plantations, and natural populations, with the objective to evaluate the 
current condition of managed populations after harvesting and in plantations, in contrast to relatively 
well-preserved populations.
Methods: Two sites were chosen for each condition. The population density and four morphological 
attributes were measured: diameter at breast height, height, angle of branch insertion and crown form. 
A multivariate approach was used to compare the morphological variation among conditions (general-
ized discriminant factors analysis) and determine total variation distributed among size classes (cluster 
analysis), as well as assignment of these classes to each condition (canonical correspondence analysis).
Key results: Four significantly different size classes were identified among all populations with specif-
ic association to condition. Strongest correlations were between highest trees with natural populations 
and small trees with plantations. Forest management, including harvesting and plantation conditions, 
reduced the phenotypical variation and modified the dasometrical attributes of C. odorata. The logging 
of the better shaped phenotypes increased the smaller size trees frequency compared to commercial size 
individuals, and changed the forest composition favoring small categories.
Conclusions: The forest exploitation generates homogenization in median height-class and the planta-
tion in lower height-class. In both cases, the harvestable trees are scarce, even after 20 years of manage-
ment; and they are non-existent in plantations of 15 years. These results suggest that the removal of the 
highest trees, as well as forest plantations, are not being effective to wood production since they do not 
reach commercial sizes in the time of recovery or projected growth.
Key words: dasometry, forestry, management impact, wood harvesting

Resumen:
Antecedentes y Objetivos: Cedrela odorata (cedro) es un árbol tropical nativo de América con un 
importante mercado internacional. En el presente estudio, se comparó la variación morfológica de C. 
odorata en tres condiciones: bajo extracción, plantaciones y poblaciones naturales, con el objetivo de 
evaluar la condición actual de las poblaciones después de la extracción y en plantaciones, en contraste 
con las poblaciones relativamente bien conservadas.
Métodos: Se eligieron dos sitios para cada condición. Se midió la densidad poblacional y cuatro atribu-
tos morfológicos: diámetro a la altura del pecho, altura, ángulo de inserción de las ramas y forma de la 
copa. Se usó una aproximación multivariada para comparar la variación morfológica entre condiciones 
(análisis de funciones discriminantes generalizado), y para determinar la variación total distribuida entre 
clases de talla (análisis de agrupamiento); además, se asignaron esas clases a cada condición (análisis de 
correspondencias canónicas).
Resultados clave: En todas las poblaciones fueron identificadas cuatro clases de talla significativamente 
distintas. Las correlaciones más fuertes fueron entre los árboles más grandes con las poblaciones naturales 
y los más pequeños con las plantaciones. El manejo forestal, que incluye las condiciones bajo extracción y 
las plantaciones, redujo la variación fenotípica y modificó los atributos dasométricos de C. odorata. La ex-
tracción de fenotipos mejor conformados incrementa la frecuencia de árboles de menor talla, respecto a in-
dividuos de tamaño comercial, y cambia la composición del bosque favoreciendo las categorías pequeñas.
Conclusiones: El aprovechamiento forestal genera homogenización en clases de talla mediana, en cam-
bio, en las plantaciones se homogenizan las clases de menor tamaño. En ambos casos, los árboles co-
sechables son escasos, aún después de 20 años de manejo, y no existen en cultivos de 15 años. Estos 
resultados sugieren que la remoción de los árboles más grandes, así como las plantaciones forestales, no 
son efectivas para la producción de madera puesto que no se encontraron árboles de tallas comerciales 
en el tiempo de recuperación o crecimiento proyectado.
Palabras clave: cosecha de madera, dasometría, impacto del manejo, silvicultura.
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Introduction

Spanish cedar (Cedrela odorata L., Meliaceae) is a tree 
native to the American tropics with high economic im-
portance because of the quality of its timber, generating 
a very active international trade market. For this reason, 
it is considered the second most valuable tropical hard-
wood from the Neotropics (Cerrillo et al., 2013). To meet 
the high demand for this species, many countries have 
established extensive plantations in tropical forest and 
farmlands, including Asia, Africa and Australia (Russell 
et al., 1993; Gezahgne et al., 2004; Orwa et al., 2009). 
However, in most cases, the success of plantations is not 
evaluated under standardized criteria that consider distur-
bance regimes, genetic sources, management practices 
and forest types with different ecosystem functions, as 
basic topics proposed for evaluation of success in Euro-
pean management forests and plantations (Bengtsson et 
al., 2000). Several studies on established plantations of C. 
odorata have shown important differences on the survival 
and morphology of seedlings, depending on the mater-
nal origin and environmental conditions. These findings 
suggest that the management of the plantation must be 
adjusted according to the specific parameters of each site 
(De Jong, 2001; Mexal et al., 2002; Healy et al., 2008; 
Negreros-Castillo et al., 2010; Hall et al., 2011; Gaburro 
et al., 2015).

Cedrela odorata has been listed in the Appendix 
III of the Convention on International Trade in Endan-
gered Species of wild fauna and flora (CITES, 2010), 
thus allowing free trade in some countries. However, in 
other regions the species has been protected by specific 
laws causing a potential conflict of use and trade (Herre-
ro-Jáuregui et al., 2013). The IUCN Red List considers 
it as Vulnerable with A1cd+2cd criteria (Mark and Riv-
ers, 2017), because its natural populations have suffered 
an important reduction of at least 80% over the last 10 
years, with the greatest losses on the limits of its natural 
distribution range. Recently, C. odorata was listed in the 
Official Mexican Standard NOM-059-SEMARNAT-2010 
(SEMARNAT, 2010) in the category “Subject to Spe-
cial Protection” (Pr), which has caused some increase in 

the establishment of plantations. In addition, extensive 
extraction under different forest management practices 
and illegal logging has substantially changed the popu-
lation structure within its native distribution area. Hence, 
well-conformed trees of commercial size (diameter at 
breast height >60 cm) are rarely found and such individu-
als occur in remote areas only (Cerrillo et al., 2013).

Even when Cedrela odorata is considered as a 
fast-growing tree suitable for plantation production (Hall 
et al., 2011; Cunha et al., 2013), the time required to 
reach commercial size individuals can be up to 40 years 
with a yield of 445 m3/ha. Additionally, the high mortal-
ity of saplings could reduce those yields by lowering the 
amount of commercial size individuals at a number of 
10 to 20 per hectare in plantations older than 20 years 
(Orwa et al., 2009; Plath et al., 2011). This low survival 
rate might be caused by the use of standardized manage-
ment practices by the growers such as the Mexican Meth-
od of Managing Irregular Forests (known by the acronym 
MMOBI) and the Mexican Method of Managing Forest 
(known by the acronym MMOM) (Acosta-Hernández et 
al., 2011a). Both do not recognize the biological particu-
larities of each species or its population dynamics, neither 
environmental conditions of the logging population, di-
versity interactions, infrastructure and planting schemes, 
giving priority to economic benefits and leaving aside the 
ecological ones (Klooster, 2006; Plath et al., 2012; Riedel 
et al., 2013).

Other international strategies for forest manage-
ment, based on community regulation and custody or 
logging concessions to private companies, are aimed to 
homogenize the forest morphology by extraction of the 
oldest, sick and malformed trees and/or planting monocul-
ture forests with native or exotic wood species (Wiersum, 
1995; Bengtsson et al., 2000; Bray et al., 2003). Recently, 
integrated use of forest resources, including non-timber 
products and ecosystem services, is recommended under 
the Multiple-Use Forest Management method in England 
and North Europe (MFM) (Soriano et al., 2012).

In Mexico, natural populations of Cedrela odorata 
exist with more than 500 years of extraction history; es-
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pecially on the Atlantic coast (Torelli, 1994). This region 
constitutes the northern limit of the natural distribution 
of the species (range from 26° N in Mexico to 20° S in 
northern Argentina) and populations are being reduced 
continuously by fragmentation and land use change (Na-
varro,1999). Government regulation is often ignored in 
Mexico due to the short-term economic benefits that peo-
ple see in the exploitation of C. odorata. This is reflected 
in an unorganized extraction of young and mature, fer-
tile trees, thus diminishing the natural recruitment with 
probable forest degradation (Bray et al., 2003; Soriano et 
al., 2012; Herrero-Jáuregui et al., 2013). There are also 
reports that suggest a higher number of pest attacks might 
be caused by genetic erosion of the populations of C. odo-
rata in Mexico and Bolivia (Pérez-Salicrup and Esquivel, 
2008; Cerrillo et al., 2013; Calixto et al., 2015).

Environmental agencies in Mexico have included 
C. odorata in several conservation and protection pro-
grams since 2010. These included the establishment of 
strategies for seed collection, commercial propagation 
and prohibition of harvesting from natural populations 
(SEMARNAT, 2010). Unfortunately, many of those pro-
grams have failed due to several factors; one of the most 
important is the low survival rate of the seedlings and 
the subsequent abandonment of the plantations (Negre-
ros-Castillo and Mize, 2008). In a few cases, the govern-
ment provided technical support but due to poor pest con-
trol and the environmental conditions, only a few scattered 
individuals remained in the plantations. Similar strategies 
were promoted in a reforestation program 20 years ago. 
Likewise, the results of this program were unsatisfactory 
because the plants did not represent benefits to growers 
in the short and medium term (Cervantes et al., 2008). 
Such variation in management proposals and conserva-
tion strategies might enable us to compare the results of 
established plantations in the short (six years) and medi-
um term (15 years); the first with known regional multiple 
seed sources and the second with monocultures that came 
from non-identified seed sources. The efficiency of the 
protection program for the recovery of populations with 
an extraction history (special protection program) and the 

evaluation of scarce wild populations are still present in 
the central region of Mexico. Hence, the aim of this study 
was to compare the morphological variation of C. odorata 
trees among: i) established plantations at short and me-
dium term, ii) logging areas under the MMOBI strategy, 
and iii) natural populations from central Mexico; by using 
a multivariate approach to evaluate the population struc-
ture after implementation of the management strategies: 
plantations and directed logging compared to the natural 
tree structure of the populations.

Materials and Methods

Study sites
Six populations of Cedrela odorata, natural and under 
different management conditions were analyzed (Fig. 
1). Based on the information provided by the National 
Forestry Commission of Hidalgo, Mexico, two growers 
who participated in different reforestation programs were 
selected to obtain a representation of plantation popula-
tions. Likewise, several other owners were contacted to 
locate the populations under logging conditions. Finally, 
two preserved natural populations were included. In sum-
mary, two populations were chosen for each management 
condition (logging, plantations and natural conditions).

In the first logging site located in Coyolapa, mu-
nicipality of Atlapexco (POP1) the wood extraction was 
performed for 20 years ago (1990’s) under the parame-
ters of the MMOBI program focusing on the harvesting 
of the old, sick and deformed trees; the extraction in this 
population was supposedly suspended in 2010 because of 
the inclusion of the species in Appendix III of CITES. 
At the second logging area in Tamala, municipality of 
Tepehuacán de Guerrero (POP2), the same harvesting 
management program was established (MMOBI) in the 
1980´s, and was also suspended in 2010 because of the 
same reason.

The first plantation site located at San Pedro, mu-
nicipality of Hualazingo (POP3) was established from 
multiple regional seed sources since 2012, based on the 
Strategy for Increasing Productivity and National Forest-
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Figure 1: Geographical location of study sites on Hidalgo, Mexico.

ry Productivity 2013-2018 (CONAFOR, 2013). The sec-
ond plantation in Huextetitla, municipality of San Felipe 
Orizatlán (POP4) was established from unknown seed 
sources since 2003 based on the Mexican Strategic For-
estry Program 2025 (SEMARNAT-CONAFOR, 2001).

Finally, both natural populations (POP5 at Chicon-
coac, municipality of Lolotla and POP6 at Coatenahuatl, 
municipality of Huautla) were found in areas of difficult 
access and are isolated on steep slopes (Table 1, Fig. 1).

Morphological traits
On each site, a quadrant of 100 × 100 m was established 
and all trees within this area were mapped to evaluate the 
spatial density of individuals (density) (Aguirre-Saldado 

et al., 2015). Four morphological attributes were regis-
tered to describe most of the variation, as previously re-
ported by Cunha et al. (2013): diameter at breast height 
in centimeters (DBH), height in meters, angle of branch 
insertion in grades (ABI) measured with a clinometer 
(SmartTool, Chicago, USA) from the base of the first 
branch; and crown form (CF) based on six ascending 
classes, 1) buds, 2) few branches, 3) less than half a circle, 
4) half circle, 5) irregular circle crown, 6) circular crown 
(Acosta-Hernández et al., 2011a, b).

Morphological analysis
Morphological variation was compared by Generalized 
Discriminant Factor Analysis (GDFA) to establish signif-
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Table 1: Study sites with geographic location and type of condition by population of Cedrela odorata L. in Mexico.

Condition Identity Location/Municipality Geographic coordinates Elevation
(m a.s.l.)

N W

Logging areas POP1 Coyolapa/Atlapexco 21.16627 98.58302 737

POP2 Tamala/Tepehuacán de Guerrero 21.00299 98.79972 314

Plantations POP3 San Pedro/Huazalingo 20.949391 98.529157 401

POP4 Huextetitla/San Felipe Orizatlán 21.04105 98.34895 493

Natural POP5 Chiconcoac/Lolotla 21.00632 98.79852 327

POP6 Coatenahuatl/Huautla 21.07067 98.28668 328

icant differences among trees from cultivated (plantations 
of six and 15 years), logging areas (harvesting of 20 years 
ago under MMOBI strategies before the especial protec-
tion program implementation) and natural (wild popu-
lations) conditions. DBH, height and ABI were taken as 
continuous predictors; the CF and origin were taken as 
categorical factors in the GDFA analysis.

Finally, a Canonical Correspondence Analysis 
(CCA) was made contrasting conditions and obtained 
morphological classes using two dimensions that explain 
100% of Inertia. All analyses were made in STATISTICA 
v.10 software (Statsoft, 2011).

Results

A total of 186 trees were evaluated in this project. In gen-
eral, the population density was different depending on 
the growing conditions. The highest density was found in 
plantations (178+140 individuals per hectare), followed 
by logging areas (130+76 individuals per hectare) and the 
lower in natural populations (64+6 individuals per hect-
are); specific densities of each site are shown in Table 2. 
Size traits: the height of the individuals was similar in all 
sites under all conditions, although the diameter of the tree 
trunk is larger in natural conditions (DBH: 52.80+47.16) 
(Table 2). Form traits: the CF had better conformation (ir-
regular circle to total circular form, 4 to 5 respectively) 
when the ABI had a greater angle, which increases the 
diameter of the tree-top (Table 2).

The GDFA showed a statistically significant dif-
ference between the two management conditions and the 
natural populations (F(7.177): 74.49±31.27, p<0.0001) ex-
plained by two discriminant factors (F1 eigenvalue: 4.6, 
Wilk´s λ: 0.084, χ2: 445.18, df: 14, p<0.0001; F2 eigen-
value: 1.11, Wilk´s λ: 0.472, χ2: 134.98, df: 6, p<0.0001), 
with a percent of correct assignation by the model 
of 94.08% (managed-extraction: 100%, plantations: 
98.87%, natural: 68.75%). The failed assignation of trees 
from natural populations was due to high heterogeneity 
of tree conformation. The first factor (F1) had a positive 
and significant correlation with DBH (r: 0.49, p<0.05), 
and a negative correlation with logging conditions (POP1 
r: -0.876, POP2 r: -0.928, in both p<0.01), explaining a 
cumulative proportion of variance of 80.47%. The second 
factor (F2) had a positive and significant correlation with 
DBH (r: 0.56, p< 0.05) and CF (r: 0.51, p<0.05) and a 
negative correlation with young (6 years) plantation con-
ditions (POP3 r: -0.84, p<0.01), explaining a 19.52% of 
cumulative proportion of variance (Fig. 2).

The cluster analysis showed four morphological 
classes named according to size (Height and DBH) and 
age (according to the establishment of the plantations), 
with a greater abundance of little and small individuals 
and a lower abundance of medium and large trees (Table 
3, Fig. 3A). All of these size categories were proportion-
ally distributed differently between conditions (Fig. 3B). 
The large trees had an irregular circle crown, while the 
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Table 2: Morphological description of Cedrela odorata L. individuals under different conditions. Number of individuals evaluated (N), Individuals per 
hectare (Ind/ha), Diameter at breast height (DBH), Commercial-sizes trees (>60 DBH) (CST), Angle of insertion of branches (AIB), Crown form (CF).

Condition Origin Density Size traits Form traits

N Ind/ha DBH (cm) Height (m) CST AIB(°) CF

Logging areas POP1 46 184 18.44±8.67 13.52±4.02 1 49.69±20.57 3.17±1.08

POP2 19 76 19.97±6.24 11.98±2.78 0 39.52±21.69 4.68±1.29

TOTAL 65 130±76 18.89±8.02 13.07±3.75 1 46.72±21.25 3.62±1.33

Plantations POP3 20 76 5.54±1.73 7.03±2.10 0 39.61±22.56 3.55±1.82

POP4 69 276 16.25±11.37 10.75±4.40 1 47.59±22.44 3.19±1.23

TOTAL 89 178±140 13.85±10.99 9.91±4.28 1 45.80±22.59 3.27±1.38

Natural POP5 17 68 66.03±52.53 11.10±4.52 8 38.71±22.27 4.59±1.77

POP6 15 60 37.80±36.31 6.90±2.96 5 49.06±22.27 5.13±1.30

TOTAL 32 64±6 52.80±47.16 9.13±4.36 13 43.56±22.52 4.84±1.57

Figure 2: Generalized Discriminant Factor Analysis (GDFA) plot of Cedrela odorata L. individuals under different management conditions.
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Figure 3: A. cluster analysis based on Euclidian linkage distance and Ward’s agglomeration method showing four morphological classes; B. 
morphological class distribution of Cedrela odorata L. depending on management condition.
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rest of the classes showed a similar tree-top conformation 
with less than half circle (Table 3).

The CCA revealed an association between large 
trees and natural populations, the medium size trees were 
equally distributed between logging and plantations, 
small size with logging area conditions and little trees 
with plantation. All of these relations were formed on the 
first axis of variation (93.02% of Inertia). The associa-
tions between little and small size trees with plantations 
and logging, respectively, were maintained on the second 
axis (6.981% of Inertia), although this dimension showed 
an association of medium and large size trees with natural 
populations (Fig. 4).

Discussion

Logging condition
The obtained results suggest that the extraction practic-
es of C. odorata have modified the morphological attri-
butes of trees, in particular DBH and CF, by extraction of 
best conformed crowns, decreasing the frequency of the 
commercial-reproductive size class (higher than 20 cm of 
DBH, Zuidema et al., 2009) and dominance of small size 
category.

Supposedly the management strategies are aimed 
at selective removal of old-infertile, sick and deformed 
trees; as well as selection in a vertical structure, regardless 
of age and height, of the better trees to promote regener-
ation and development of young trees to achieve the ex-
pected commercial size (MMOBI, Hernández-Díaz et al., 

Table 3: Morphological description of Cedrela odorata L. categories formed by the cluster analysis. Number of individuals per category (N), 
Diameter at breast height (DBH), Angle of insertion of branches in grades (AIB), Crown form (CF).

Categories N Size traits Form traits

DBH (cm) Height (m) AIB (°) CF

Little 70 13.71±8.31 10.13±4.65 24.88±12.62 3.61±1.53

Small 59 15.79±7.57 10.96±3.95 52.53±6.82 3.64±1.48

Medium 37 16.59±8.61 11.79±4.81 74.30±6.00 3.49±1.35

Large 20 82.22±39.16 11.69±3.86 45.84±24.52 4.20±1.70

2008). Under the MMOBI program, it is expected that a 
distribution of diametric frequencies has normal structure 
type Liocourt, which ensure continuous regeneration and 
natural mortality. A recovery of the populations POP1 and 
POP2 (logging areas) would be expected by inclusion of 
C. odorata in Appendix III of CITES (2010) and NOM-
059-SEMARNAT 2010 (SEMARNAT, 2010). However, 
the greater frequency of small size trees (Figs. 3B, 4) does 
not correspond to the Liocourt structure, even though the 
extraction activities had been interrupted; these suggest 
other causes of variation consumption. Additionally, eight 
years without logging do not show the expected regen-
eration because only one of 65 trees had the harvesting 
category.

The phenotypic diversification, mainly in logging 
areas, can be used as an indicator of adaptive responses 
because the morphological variation and diameter is high-
ly correlated with growth progression and wood potential 
production (Gutiérrez-Vázquez et al., 2012). About cate-
gorical traits, the crown form is correlated to forest gap 
dynamics and phenologic processes of the species (Am-
arasekara and Denne, 2002; Asner et al., 2004). This pat-
tern has been shown in Cedrela lilloi C. DC. in which the 
forest morphology structure had a negative exponential 
size/age distribution conditioned by a gap-phase regener-
ation model but modified by a density dependent mortal-
ity in old phases (Grau, 2000). Therefore, morphological 
variation presents a genetic component, and its interaction 
with the environment makes certain selective pressure on 
the phenotypes, resulting in different adaptations what is 
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Figure 4: Canonical Correspondence Analysis (CCA) between management condition and size class of Cedrela odorata L. trees.

known as phenotypic plasticity. With respect to the diam-
eter and crown form, management could be considered as 
a selective factor that consumes variation necessary for 
adapting to environmental changes, resulting in irregu-
lar circle crowns, small trees and high density dependent 
mortality in old phases, but increases the density of young 
phases by gap-dynamics (Grau, 2000; Acosta-Hernández 
et al., 2011b; Cunha et al., 2013; Tlaxcala-Méndez et al., 
2016). Our result of higher density in logging areas com-
pared to natural populations supports this affirmation by 
its high frequency of small trees.

Our results on the low frequency of little size trees, 
high frequency of small trees and irregular crown form in 
Spanish cedar logging populations could be caused by a 

non-registered wood extraction that was focused on the 
highest-fertile and commercial trees (DBH over 60 cm). 
Similar results have been found in other species and trop-
ical trees such as Cariniana ianeirensis R. Knuth, Cedre-
la fissilis Vell., Ficus boliviana C.C. Berg, and Swietenia 
macrophylla King, in which the recruitment and demo-
graphic structure were negatively affected by illegal log-
ging (Park et al., 2005).

On the other hand, in previous studies, the growth 
rate of C. odorata has shown to be fast with a plant ar-
chitecture dependence of the environmental conditions 
(Orwa et al., 2009; Hall et al., 2011; Cunha et al., 2013). 
Gratzer et al. (2004) mentioned that the growth rate and 
survival of tropical tree species was lower at high lat-
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itudes in North America; in contrast, several Nearctic 
species had an inverse pattern. Additionally, modeling 
of long-term impact of selective logging on the demo-
graphic structure of four Neotropical species (Bagassa 
guianensis Aubl., Hymenaea courbaril L., Manilkara 
huberi (Ducke) A. Chev., and Symphonia globulifera 
L.f.), sympatric with C. odorata, showed that recovery 
of the demographic structure after a logging activity 
requires more than 45 years, even in tropical latitudes 
(Sebbenn et al., 2008). Therefore, the recovery of ce-
dar at subtropical latitudes at the extreme north of its 
distribution (Hidalgo, Mexico) could be even slower. 
Similar results were observed in the extreme southern 
distribution of C. odorata in Brazil, where a low sur-
vival rate and higher pest susceptibility to Hypsipyla 
grandella Zeller were found, particularly in trees with 
a diameter lower than 8 to 12 cm (Pereira et al., 2016). 
This increased pest susceptibility of C. odorata at the 
limits of its natural distribution range was corroborat-
ed by Cavers et al. (2003) and it might be related to 
low genetic variation (Calixto et al., 2015). About this, 
punctual observations of infestation by H. grandella 
were made only in logging area POP2 and plantation 
POP4, both in little and small trees categories (DBH 
less than 12 cm).

Plantations
In both plantations exist a dominance of little size class 
trees and the presence of some wider trees on 15 year 
old compared to six years old plantations; that were an 
effect of few individuals presence; both frequencies in-
creased the heterogeneity in the plantations (POP4, DBH 
16.25+11.37 cm). The plantation objectives are the pre-
servation of the species, homogenization of any planta-
tion and obtain a continuous sustainable wood production 
(Piotto et al., 2003; Loza et al., 2006). With respect to 
Cedrela odorata, a poor wood production by absence of 
trees with diameters over 60 cm (commercial size), even 
in the 15 year old plantation and the increase of size he-
terogeneity, questions the success of the mentioned ob-
jectives.

Loss of phenotypic variation in tree species, caused 
by directional selection during seed production, has been 
reported under cultivation conditions in which seeds are 
collected only from a few individuals (Van-Pelt and Sillet, 
2008; Bettinger et al., 2009). This could affect the canopy 
structure, crown form, reproductive output, seed germina-
tion and recruitment in the short term, with a homogeni-
zation of genetic variation and intensification of the off-
spring mortality (El-Kassaby, 1995; Ishii et al., 2000). In 
the case of plantations, seed source was unknown; how-
ever, a preliminary genetic analysis showed poor genetic 
variation in old plantations (15 years) compared to young 
plantations ((six years), unpublished data). This genetic 
variability could be related with the low morphological 
variation registered in the plantations.

With respect to density, in tropical forests the in-
dividual’s aggregation is related with the soil quality, 
canopy cover, forest gap-dynamics and tree seed source 
persistence in surrounding areas (Snook, 1996; Barroso et 
al., 2011; Aguirre-Salado et al., 2015). Therefore, in open 
habitats the survival of seedlings might be compromised 
by desiccation, predation or mortality by competence for 
space, decreasing the success of propagation programs 
(Cervantes et al., 2008). In this study, individual densi-
ty was higher in plantations, this management strategy 
aimed at increasing density to simplify the selection and 
harvesting of wood, unlike forests where only 30% of its 
area can be extracted (Loza et al., 2006). With respect to 
this, POP4 (old plantation) was planted under a standard 
scheme of 10,000 individuals per hectare on hills; in con-
trast, POP3 (young plantation) was planted on flat lands 
with a separation of 6 m between individuals at 5000 ind/
ha density (CONAFOR, 2013), the actual density rep-
resents only 2.76% and 1.56% of survival, respectively. 
These results suggest that slopes help the survival of indi-
viduals on plantations by difficult accession that limited 
the logging or land use change, among other factors that 
support major survival, observed in the old plantation.

In the study area we observe indiscriminate use of 
Cedrela wood for low quality furniture even of undevel-
oped trees, use of young trees as fuel source, illegal ex-
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ploitation of protected populations and the abandonment 
of most plantations; situations which place into doubt the 
follow-up of management programs. For C. odorata the 
monitoring of plantations might be necessary to ensure 
that individuals reach commercial sizes without mortality 
by competition which subsequently results in economic 
loss (De Jong, 2001; Mexal et al., 2002; Negreros-Castil-
lo et al., 2010; Hall et al., 2011).

Finally, we suggest consider a substantial restruc-
turation of the actual forest management programs for C. 
odorata, considering the evaluation of genetic resources, 
identification and evaluation of potential seed sources, 
fertility quantification, and wood production capacity 
based on biodiversity conservation (FAO, 2007; Hernán-
dez-Díaz et al., 2008). All these parameters will need to 
be considered for each specific locality.

Conclusions

Cedrela odorata is a tropical tree susceptible to logging. 
However, the selective extraction of well-formed adults 
changes the morphological structure of trees in logging 
areas, homogenizing in middle-size classes and elimi-
nating both small and commercial trees even after eight 
years without extraction. Farming could be a solution 
but only at the long term, because of the incipient deve-
lopment and increase of heterogeneity in old plantation, 
questioning the success of this management.

Author contributions

Writing, statistical analysis, data sampling, field work and 
design of the methods were realized by DMGH and POA; 
data sampling, field work and community interviews were 
performed by MAMV and FFNCG; ASG made methodo-
logical corrections and suggestions.

Funding

This research was funded by the “Consejo Nacional de 
Ciencia y Tecnología”: 1245, Catedra project to FFNG 
and posdoctoral grant 316763: “Acervo genético forestal 
del estado de Hidalgo: Estudios sobre Cedrela odorata, 
Magnolia dealbata y Fagus grandiflora”, to DMGH.

Acknowledgements

To Jonathan Silva Chávez for the field work.

Literature cited

Acosta-Hernández, C. C., M. Luna-Rodríguez, J. C. Noa-
Carrazana, J. Galindo-González, S. M. Vázquez-Torres, 
Z. Morales-Romero and L. G. Iglesias-Andreu. 2011a. 
Caracterización morfológica y dasométrica de la especie 
amenazada Juglans pyriformis Liebm. Revista Chapingo 
Serie Ciencias Forestales y del Ambiente 17(1): 59-67. 
DOI: https://doi.org/10.5154/r.rchscfa.2010.03.015

Acosta-Hernández, C. C., M. Luna-Rodríguez, P. Octavio-
Aguilar, Z. Morales-Romero, J. Galindo-González, J. C. 
Noa-Carrazana, S. M. Vázquez-Torres and L. G. Iglesias-
Andreu. 2011b. Efecto del aprovechamiento forestal 
sobre la variación morfológica de Juglans pyriformis 
Liebm. Revista Chapingo Serie Ciencias Forestales y del 
Ambiente 17(3): 379-388. DOI: https://doi.org/10.5154/r.
rchscfa.2011.04.033

Aguirre-Saldado, C. A., J. R. Valdez-Lazalde, G. Sánchez-
Díaz, L. Miranda-Aragón and A. I. Aguirre-Salado. 2015. 
Modeling site selection for tree plantation establishment 
under different decision scenarios. Journal of Tropical 
Forest Science 27(3): 298-313.

Amarasekara, H. and M. P. Denne. 2002. Effects of crown 
size on wood characteristics of Corsican pine in relation 
to definitions of juvenile wood, crown formed wood 
and core wood. Forestry 75(1): 51-61. DOI: https://doi.
org/10.1093/forestry/75.1.51

Asner, G. P., M. Keller and J. N. M. Silva. 2004. Spatial and 
temporal dynamics of forest canopy gaps following 
selective logging in the eastern Amazon. Global Change 
Biology 10(5): 765-783. DOI: https://doi.org/10.1111/
j.1529-8817.2003.00756.x

Barroso, J. G., C. I. Salimon, M. Silveira and E. F. Morato. 
2011. Influence of environmental factors on the spatial 
distribution of five timber species exploited in Acre State, 
Brazil. Scientia Forestalis 39(92): 489-499.

Bengtsson, J., S. G. Nilsson, A. Franc and P. Menozzi. 2000. 
Biodiversity, disturbance, ecosystem function and 
management of European forests. Forest Ecology and 



Galván-Hernández et al.: Morphological variation of Spanish cedar

168

Management 132(1): 39-50. DOI: https://doi.org/10.1016/
S0378-1127(00)00378-9

Bettinger, P., M. Clutter, J. Siry, M. Kane and J. Pait. 2009. 
Broad implications of southern United States pine 
clonal forestry on planning and management of forests. 
International Forestry Review 11(3): 331-345. DOI: 
https://doi.org/10.1505/ifor.11.3.331

Bray, D. B., L. Merino-Pérez, P. Negreros-Castillo, G. Segura-
Warnholtz, J. M. Torres-Rojo and H. F. M. Vester. 
2003. Mexico’s community-managed forest as a global 
model for sustainable landscapes. Conservation Biology 
17(3): 672-677. DOI: https://doi.org/10.1046/j.1523-
1739.2003.01639.x

Calixto, C. G., M. A. López, A. Equihua, D. E. Lira and V. M. 
Cetina. 2015. Growth of Cedrela odorata and incidence of 
Hypsipyla grandella as affected by nutrient management. 
Bosque 36(2): 265-273. DOI: https://doi.org/10.4067/
S0717-92002015000200012

Cavers, S., C. Navarro and A. J. Lowe. 2003. A combination 
of molecular markers identifies evolutionarily significant 
units of Cedrela odorata L. (Meliaceae) in Costa Rica. 
Conservation Genetics 4(5): 571-580. DOI: https://doi.
org/10.1023/A:1025692321860

Cerrillo, R. M. N., N. Agote, F. Pizarro, C. J. Ceacero and G. 
Palacios. 2013. Elements for a non-detriment finding of 
Cedrela spp. in Bolivia-A CITES implementation case 
study. Journal for Nature Conservation 21(4): 241-252. 
DOI: https://doi.org/10.1016/j.jnc.2013.01.003

Cervantes, V., J. Carabias and V. Arriaga. 2008. Evolución 
de las políticas públicas de restauración ambiental. In: 
Sarukhán, J. (ed.). Capital natural de México, vol. III: 
Políticas públicas y perspectivas de sustentabilidad. 
Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad. México, D.F., México. Pp. 155-226.

CITES. 2010. Convention on International Trade in Endangered 
Species of wild fauna and flora. Appendices I, II and III. 
IOP Publishing Physics Web. https://www.cites.org/eng/
app/appendices.php (consulted December, 2016).

CONAFOR. 2013. Estrategias de Incremento a la Producción 
y Productividad Forestal Nacional 2013-2018. Comisión 
Nacional Forestal. Guadalajara, México. 63 pp.

CONAFOR. 2017. Estrategia Nacional de Manejo Forestal 
Sustentable para el Incremento de la Producción y 
Productividad (ENAIPROS). Comisión Nacional 
Forestal. http://www.conafor.gob.mx:8080/documentos/
docs/50/6418Planeaci%C3%B3n%20ENAIPROS%20
2013-2018.pdf (consulted November, 2017).

Cunha, T. A., C. A. G. Finger and P. R. Schneider. 2013. Modelo 
linear misto para o incremento em área basal de árvores 
individuais de cedro (Cedrela odorata L.) na amazônia 
occidental, Brasil. Ciência Florestal 23(3): 461-470. DOI: 
https://dx.doi.org/10.5902/1980509810557

De Jong, W. 2001. Tree and forest management in the flood 
plains of the Peruvian Amazon. Forest Ecology and 
Management 150(1-2): 125-134. DOI: https://doi.
org/10.1016/S0378-1127(00)00686-1

El-Kassaby, Y. A. 1995. Evaluation of the tree-improvement 
delivery system: factors affecting genetic potential. 
Tree Physiology 15(7-8): 545-550. DOI: https://doi.
org/10.1093/treephys/15.7-8.545

FAO. 2007. Conservación y manejo de recursos genéticos 
forestales. Vol. 1: visión general, conceptos y algunos 
métodos sistemáticos. Organización de las Naciones 
Unidas para la Alimentación y la Agricultura (FAO), 
Farmer Livelihood Development (FLD) Biodiversity 
International, Instituto Internacional de Recursos 
Fitogenéticos. Rome, Italy.

Gaburro, T. A., L. V. Zanetti, V. N. Gama, C. R. D. Milanez and 
G. R. F. Cuzzuol. 2015. Physiological variables related to 
photosynthesis are more plastic than the morphological 
and biochemistry in non-pioneer tropical trees under 
contrasting irradiance. Brazilian Journal of Botany 
38(19): 39-49. DOI: https://doi.org/10.1007/s40415-014-
0113-y

Gezahgne, A., M. A. P. Coetzee, B. D. Wingfield, M. J. Wingfield 
and J. Roux. 2004. Identification of the Armillaria root 
rot pathogen in Ethiopian plantations. Forest Pathology 
34(3): 133-145. DOI: https://doi.org/10.1111/j.1439-
0329.2004.00352.x

Gratzer, G., A. Darabant, P. B. Chhetri, P. B. Rai and O. 
Eckmüllner. 2004. Interspecific variation in the response 
of growth, crown morphology and survivor ship to 



			   125: 157-171	 October 2018

169

light of six tree species in the conifer belt of the Bhutan 
Himalayas. Canadian Journal of Forest Research 34(5): 
1093-1107. DOI: https://doi.org/10.1139/X03-281

Grau, H. R. 2000. Regeneration patterns of Cedrela lilloi 
(Meliaceae) in northwestern Argentina subtropical 
montane forests. Journal of Tropical Ecology 16(2): 227-
242. DOI: https://doi.org/10.1017/s0266467400001371

Gutiérrez-Vázquez, B. N., E. H. Cornejo-Oviedo, M. H. 
Gutiérrez-Vázquez and M. Gómez-Cárdenas. 2012. 
Variation and prediction of basic wood density in Cedrela 
odorata L. Revista Fitotecnia Mexicana 35(5): 87-90.

Hall, J. S., B. E. Love, E. J. Garen, J. L. Slusser, K. Saltonstall, 
S. Mathias, M. van Breugel, D. Ibarra, E. W. Bork, D. 
Spaner, M. H. Wishnie and M. S. Ashton. 2011. Tree 
plantations on farms: Evaluation growth and potential for 
success. Forest Ecology and Management 261(10): 1675-
1683. DOI: https://doi.org/10.1016/j.foreco.2010.09.042

Healy, C., N. J. Gotelli and C. Potvin. 2008. Partitioning the 
effects of biodiversity and environmental heterogeneity 
for productivity and mortality in a tropical tree plantation. 
Journal of Ecology 96(5): 903-913. DOI: https://doi.
org/10.1111/j.1365-2745.2008.01419.x

Hernández-Díaz, J. C., J. J. Corral-Rivas, A. Quiñones-
Chávez, J. R. Bacon-Sobbe and B. Vargas-Larreta. 
2008. Evaluación del manejo forestal regular e irregular 
en bosques de la Sierra Madre Occidental. Madera y 
Bosques 14(3): 25-41. DOI: https://doi.org/10.21829/
myb.2008.1431205

Herrero-Jáuregui, C., M. R. Guariguata, D. Cárdenas, E. 
Vilanova, M. Robles, J. C. Licona and W. Nalvarte. 2013. 
Assessing the extent of “conflict of use” in multipurpose 
tropical forest trees: A regional view. Journal of 
Environmental Management 130: 40-47. DOI: https://doi.
org/10.1016/j.jenvman.2013.08.044

Ishii, H., J. P. Clement and D. C. Shaw. 2000. Branch growth 
and crown form in old coastal Douglas-fir. Forest Ecology 
and Management 131(1-3): 81-91. DOI: https://doi.
org/10.1016/S0378-1127(99)00202-9

Klooster, D. 2006. Environmental certification of forest in 
Mexico: The political ecology of a nongovernmental 
market intervention. Annals of the Association of 

American Geographers 96(3): 541-565. DOI: https://doi.
org/10.1111/j.1467-8306.2006.00705.x

Loza, G., J. Torres and M. A. Musálem. 2006. Capítulo 
12. Planificación para la elaboración de proyectos de 
plantaciones forestales comerciales. In: Musálem, M. A. 
(ed.). Silvicultura de plantaciones comerciales. Universidad 
Autónoma Chapingo. Texcoco, México. 175 pp.

Mark, J. and M. C. Rivers. 2017. Cedrela odorata. The IUCN Red 
List of Threatened Species 2017: e.T32292A68080590. 
DOI: https://dx.doi.org/10.2305/IUCN.UK.2017-3.
RLTS.T32292A68080590.en

Mexal, J. G., R. A. Cuevas-Rangel, P. Negreros-Castillo and C. 
Paraguirre-Lezama. 2002. Nursery production practices 
affect survival and growth of tropical hard woods in 
Quintana Roo, Mexico. Forest Ecology and Management 
168(1-3): 125-133. DOI: https://doi.org/10.1016/S0378-
1127(01)00735-6

Navarro, C. 1999. Annual year report of the Mesoamerican 
domestication of Cedrela and Swietenia Project. Project 
No. CS-FS-2 USDA, CATIE. Turrialba, Costa Rica. 20 
pp.

Negreros-Castillo, P. and C. W. Mize. 2008. Regeneration of 
mahogany and Spanish cedar in gaps created by rail road 
tie extraction in Quintana Roo, Mexico. Forest Ecology 
and Management 255(2): 308-312. DOI: https://doi.
org/10.1016/j.foreco.2007.09.052

Negreros-Castillo, P., M. Apodaca-Martínez and C. W. Mize. 
2010. Efecto de sustrato y densidad en la calidad de 
plántulas de cedro, caoba y roble. Madera y Bosques 16(2): 
7-18. DOI: https://doi.org/10.21829/myb.2010.1621169

Orwa, C., A. Mutua, R. Kindt, R. Jamnadass and S. Anthony. 
2009. Agroforestree database: a tree reference and 
selection guide version 4.0. IOP Publishing Physics 
Web. http://www.worldagroforestry.org/publication/
agroforestree-database-tree-species-reference-and-
selection-guide-version-40 (consulted December, 2017).

Park, A., M. J. Justiniano and T. S. Fredericksen. 2005. Natural 
regeneration and environmental relationships of tree 
species in logging gaps in a Bolivian tropical forest. 
Forest Ecology and Management 217(2-3): 147-157. 
DOI: https://doi.org/10.1016/j.foreco.2005.05.056



Galván-Hernández et al.: Morphological variation of Spanish cedar

170

Pereira, L. D., F. D. Fleig, E. A. Meyer, K. Lanzarin and K. 
Wolf. 2016. Suscetibilidade do cedro ao ataque de pragas 
em Floresta Estacional Decidual. Pesquisa Agropecuária 
Brasileira 51(5): 607-614. DOI: https://doi.org/10.1590/
S0100-204X2016000500022

Pérez-Salicrup, D. R. and R. Esquivel. 2008. Tree infection 
by Hypsipyla grandella in Swietenia macrophylla and 
Cedrela odorata (Meliaceae) in Mexico´s southern 
Yucatán Peninsula. Forest Ecology and Management 
255(2): 324-327. DOI: https://doi.org/10.1016/j.
foreco.2007.09.054

Piotto, D., F. Montagnini, L. Ugalde and M. Kanninem. 2003. 
Performance of forest plantations in small and medium-
sized farms in the Atlantic low lands of Costa Rica. Forest 
Ecology and Management 175(1-3): 195-204. DOI: 
https://doi.org/10.1016/S0378-1127(02)00127-5

Plath, M., K. Mody, C. Potvin and S. Dorn. 2011. Establishment 
of native tropical timber trees in monoculture and 
mixed-species plantations: Small-scale effects on tree 
performance and insect herbivory. Forest Ecology 
and Management 261(3): 741-750. DOI: https://doi.
org/10.1016/j.foreco.2010.12.004

Plath, M., S. Dorn, H. Barrios and K. Mody. 2012. Diversity and 
composition of arboreal beetle assemblages in tropical 
pasture afforestations: effects of planting schemes and 
tree species identity. Biodiversity and Conservation 
21(13): 3423-3444. DOI: https://doi.org/10.1007/s10531-
012-0372-5

Riedel, J., S. Dorn, M. Plath, C. Potvin and K. Mody. 2013. 
Time matters: Temporally changing effects of planting 
schemes and insecticide treatment on native timber tree 
performance on former pasture. Forest Ecology and 
Management 297: 49-56. DOI: https://doi.org/10.1016/j.
foreco.2013.02.003

Russell, J. S., D. M. Cameron, I. F. Whan, D. F. Beech, D. B. 
Prestwidge and S. J. Rance. 1993. Rainforest trees as a 
new crop for Australia. Forest Ecology and Management 
60(1-2): 41-58. DOI: https://doi.org/10.1016/0378-
1127(93)90022-F

Sebbenn, A. M., B. Degen, V. C. R. Azevedo, M. B. Silva, 
A. E. B. de Lacerda, A. Y. Ciampi, M. Kanashiro, F. 

D. Carneiro, I. Thompson and M. D. Loveless. 2008. 
Modeling the long-term impacts of selective logging 
on genetic diversity and demographic structure of four 
tropical tree species in the Amazon forest. Forest Ecology 
and Management 254(2): 335-349. DOI: https://doi.
org/10.1016/j.foreco.2007.08.009

SEMARNAT. 2010. NORMA Oficial Mexicana NOM-059-
SEMARNAT-2010. Protección ambiental-Especies 
nativas de México de flora y fauna silvestres-Categorías 
de riesgo y especificaciones para su inclusión, exclusión 
o cambio-Lista de especies en riesgo. Secretaría del 
Medio Ambiente y Recursos Naturales. Diario Oficial de 
la Federación. Cd. Mx., México. http://dof.gob.mx/nota_
detalle.php?codigo=5173091&fecha=30/12/2010.

SEMARNAT-CONAFOR. 2001. Programa Estratégico Forestal 
para México 2025. Secretaría de Medio Ambiente y 
Recursos Naturales (SEMARNAT)-Comisión Nacional 
Forestal (CONAFOR). Informe Final versión 2.1. Cd. 
Mx., México. 191 pp.

Snook, L. K. 1996. Catastrophic disturbance, logging and the 
ecology of mahogany (Swietenia macrophylla King): 
grounds for listing a major tropical timber species in 
CITES. Botanical Journal of the Linnean Society 122(1): 
35-46. DOI: https://doi.org/10.1111/j.1095-8339.1996.
tb02061.x

Soriano, M., K. A. Kainer, C. L. Staudhammer and E. Soriano. 
2012. Implementing multiple forest management in Brazil 
nut-rich community forest: Effect of logging on natural 
regeneration and forest disturbance. Forest Ecology and 
Management 268: 92-102. DOI: https://doi.org/10.1016/j.
foreco.2011.05.010

Statsoft Inc. 2011. STATISTICA (data analysis software 
system), version 10.IOP Publishing PhysicsWeb. http://
www.statsoft.com/Products/STATISTICA-Features

Tlaxcala-Méndez, R. M., H. M. de los Santos-Posadas, P. 
Hernández-de la Rosa and J. L. López-Ayala. 2016. 
Variation of form factor and taper in provenances of 
Spanish cedar (Cedrela odorata L.). Agrociencia 50(1): 
89-105.

Torelli, N. 1994. Characteristics and prospects for rational use 
(harvesting) of Mexican tropical forest. Holz als Roh-und 



			   125: 157-171	 October 2018

171

Werkstoff 52(5): 337-341. DOI: https://doi.org/10.1007/
bf02621429

Van-Pelt, R. and S. C. Sillet. 2008. Crown development of 
coastal Pseudotsuga menziesii including a conceptual 
model for tall conifers. Ecological Monographs 78(2): 
283-311. DOI: https://doi.org/10.1890/07-0158.1

Wiersum, K. F. 1995. 200 years of sustainability in forestry: 
Lessons from history. Environmental Management 19(3): 
321-329. DOI: https://doi.org/10.1007/BF02471975

Zuidema, P. A., R. J. W. Brienen, H. J. During and B. Güneralp. 
2009. Do persistently fast-growing juveniles contribute 
disproportionately to population growth? A new analysis 
tool for matrix models and its application to rainforest 
trees. The American Naturalist 174(5): 709-719. DOI: 
https://doi.org/10.1086/605981


