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SUMMARY

It has become clear that native species are incorporated na-
turally under the canopy of many tree plantations. This process
of incorporation (facilitation) can be used as an opportunity to
create successional models in restoration and species reintro-
duction projects. The need to incorporate basic ecological in-
formation is a critical issue in the process of ecosystem restora-
tion. Pinus is a genus widely used in plantations worldwide. In
Mexico, 199 790.4ha are planted with pine each year. Many of
these plantations have been established with rehabilitation and
conservation goals, and provide an opportunity for restoration
through the reintroduction of native species of plants and ani-

mals. Because pine species are considered as pioneers in forest
successional stages, pine plantations represent natural laborato-
ries that can be used to test scientific hypothesis to strengthen
the restoration and reintroduction programs. These plantations
also represent an opportunity to apply scientific knowledge in
practical field conservation and address the science-policy inter-
face. In this essay, we presented arguments focused on the im-
portance of plantations as areas for experimentation, given the
diversity of environments in which they are found, from sea level
to high altitudes, as well as the diversity in their structure and
composition.

Introduction

Succession refers to the
changes in plant associations,
groups of animals or organ-

isms in general, through time
and space (Drury and Nisbet,
1973). The classical succession
theory states that succession
is predictable, and points out

the presence of the species
facilitation processes, that is,
one plant species is capable
of facilitating the establish-
ment of another plant species

(Clements, 1928). The first
plants to arrive after a dis-
turbance are called ‘pioneer’
(earlier) species and the char-
acteristic species of advanced
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OPORTUNIDAD PARA EL ESTUDIO DE PROCESOS CRITICOS SUCESIONALES PARA LA RESTAUBACION Y
CONSERVACION DE BOSQUES DE MONTANA: EL CASO DE LAS PLANTACIONES DE PINO EN MEXICO
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y José Luis Zuifiiga Gonzalez

RESUMEN

Se ha evidenciado que bajo el dosel de muchas plantaciones
forestales se incorporan, de manera natural, especies nativas.
Este proceso de incorporacion (facilitacion), puede ser usado
como una oportunidad para crear modelos sucesionales en pro-
yectos de restauracion y reintroduccion de especies. La necesidad
de incorporar informacion ecoldgica bdsica es una cuestion cri-
tica en el proceso de restauracion de ecosistemas. Pinus es un
género ampliamente usado en plantaciones a nivel mundial. En
Meéxico, las plantaciones de pino representan 199 790,4ha al aiio.
Muchas de éstas se han establecido con objetivos de rehabilita-
cion y conservacion, y constituyen una oportunidad para la res-
tauracion a partir de la reintroduccion de especies de plantas y

animales nativos. Debido a que los pinos son considerados como
especies pioneras de la sucesion, las plantaciones de pino repre-
sentan laboratorios naturales que nos permiten invalidar hipotesis
cientificas para fortalecer programas de restauracion o reintro-
duccion de especies. Estas plantaciones también representan una
oportunidad para aplicar el conocimiento cientifico en la prdctica
de la conservacion de campo y atender la interfase politica-so-
ciedad. En el presente ensayo presentamos argumentos enfocados
hacia la importancia que las plantaciones tienen como dreas de
experimentacion dada la diversidad de ambientes en las que se
encuentran, desde el nivel del mar hasta las grandes altitudes,
asi como de estructura y composicion de las mismas.
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RESUMO

Tem-se evidenciado que sob o dossel de muitas plantagoes
florestais se incorporam, de maneira natural, espécies nativas.
Este processo de incorporagdo (facilitagdo), pode ser usado
como uma oportunidade para criar modelos sucessionais em
projetos de restauragdo e reintrodugdo de espécies. A necessi-
dade de incorporar informagdo ecologica bdsica é uma questdo
critica no processo de restauragdo de ecossistemas. Pinus é um
género amplamente usado em plantacées a nivel mundial. No
Meéxico, as plantagoes de pinheiros representam 199.790,4 ha
ao ano. Muitas destas foram estabelecidas com objetivos de re-
abilitagdo e conservagdo, e constituem uma oportunidade para
a restaurag¢do apartir da reintroducdo de espécies de plantas e

animais nativos. Devido a que os pinheiros sdo considerados
como espécies pioneiras da sucessdo, as plantagoes de pinheiros
representam laboratorios naturais que nos permitem invalidar
hipdteses cientificas para fortalecer programas de restauragdo
ou reintroducdo de espécies. Estas plantagcdes também repre-
sentam uma oportunidade para aplicar o conhecimento cienti-
fico na prdtica da conservagdo de campo e atender a interfase
politica-sociedade. No presente ensaio apresentamos argumentos
focados para a importdincia que as plantagoes tém como dreas
de experimentagdo devido a diversidade de ambientes em que
se encontram, do nivel do mar até as grandes altitudes, assim
como de estrutura e composicdo das mesmas.

successional stages are called
‘later’ successional species.
There are several interaction
patterns between pioneer and
later species during succes-
sion, where pioneer species are
eventually substituted by later
species (Connell and Slatyer,
1977; Pickett et al., 1987; San-
chez-Veldsquez, 2003). Botkin
(2005) describes these patterns
as: 1) Facilitation. One species
is capable of setting the way
for another species, and the
latter can in turn prepare the
way for the next one. 2) In-
terference. The earlier succes-
sional species can restrain the
establishment of later succes-
sional species for a while. 3)
Life-history differences. One

species cannot affect the entry
timing of another one; two
species may appear at different
times during succession due
to differences in dispersion,
germination, growth and seed
longevity. 4) Chronic patchi-
ness. Succession never takes
place, those species established
in the first place remain until
the next disturbance.

Pines are characterized
by their rapid growth, be-
ing shade-intolerant pioneer
successional species that are
adapted to disturbances like fire
(Heywart, 1939; Curtis, 1959;
Daubenmire, 1968; Ahlgren
and Ahlgren, 1960; Peet and
Christensen, 1980; Sanchez-
Velasquez, 1986; Pineda-Lépez
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and Sanchez-Velasquez, 1992;
Rodriguez-Trejo and Fulé, 2003)
and to cleared areas larger than
1000m? (White, 1979; Jardel
et al., 2004). Therefore, pine
species are considered, through-
out the world, excellent species
for the establishment of for-
est plantations as well as for
the ecological restoration of
cleared areas. Since pine spe-
cies are considered as pioneers
in natural forest successional
stages (Henry and Swan, 1974;
Peet and Christensen, 1980)
and are used in several refor-
estation programs, they offer
unsurpassable opportunities to
study succession and restora-
tion processes. Pine plantations
could be used as a facilitation

mechanism to reintroduce, un-
der its cover, a great variety
of threatened or endangered
species (Ramirez-Bamonde et
al., 2005).

In some countries, the natural
recruitment of native species
under the canopy of pine and
foliage leaf plantations has been
observed (Arrieta and Sudrez,
2006; Pérez-Salicrup et al.,
2006). Since many plantations
are used for ecosystem reha-
bilitation (functional recovery),
the selection of species for these
plantations is essential in or-
der to incorporate natural na-
tive species and to accelerate
the succession process towards
the rehabilitation or restoration
(Menninger and Palmer, 2006).

519



Mexican Pine and Pine
Plantations

In Mexico, pine trees are
one of the most important ge-
netic resources for forestry,
since resins, timber (80% of
the national production), pa-
per pulp, firewood and indus-
trial products, among others,
are obtained from pines. Pine
trees are widely distributed
in Mexico, because they grow
naturally (Eguiluz-Piedra,
1988) at altitudes ranging from
100m (e.g. Pinus caribaea)
up to more than 4000m (e.g.
P. hartwegii), under an an-
nual precipitation ranging from
200mm (e.g. P. lambertiana)
to 2500mm (e.g. P. patula).
Seeds of Mexican pines have
been sown in many countries,
such as South Africa, Argen-
tina, Chile, New Zealand and
Australia, with a remarkable
success (Sanchez and Huguet,
1959; Rogers et al., 2003). To
offset the effects of deforesta-
tion in Mexico, the federal
government’s National Plan for
Development applies special
policies for the reforestation
and restoration of degraded
areas, and pine trees are the
main source of reforestation.

Actions at a countrywide
scale, well-known as a top pri-
ority, include the detention and
reversal of degradation and de-
forestation processes, through
the recovery of degraded forest
land for reforestation or com-
mercial plantations. Reforesta-
tion is proposed as a restoration
and conservation mechanism,
with three objectives: 1) Res-
toration of the largest possible
area of degraded land, focus-
ing on the quality of the site
related to tree production and
reforestation; 2) Conversion
of degraded and unproductive
areas into plantations of wood,
non-wood, endemic and cover
species to improve the environ-
ment and increase the presence
of groundwater reservoirs; and
3) Increase plant biomass to
contribute to carbon uptake.
The strategies established to
attain the above objectives
include: a) Set an integrated
reforestation plan for basins,
assigning priority to high al-
titude areas, to guarantee the
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recharge of groundwater res-
ervoirs; b) Use native species
in plantations for conservation
and restoration, to contribute to
the biodiversity preservation in
forest ecosystems; c) Promote
the development of agroforestry
plantations in order to encour-
age landowner participation.

Currently, there is no avail-
able information on the total re-
forested area, but an estimated
571 000ha has been reported
for 1999, and 998 952ha have
been planted since 2001 under
a variety of environmental con-
ditions using different species.
Pine trees are the most widely
used species because of their
adaptation features, which will
be discussed below. Refores-
tation in Mexico covers 199
790.4ha established per year,
with an estimated investment of
USD 31 951 831.9. Since 2003,
CONAFOR (National Forest
Commission) offers economic
support to forest landowners as
a compensation for supplying
environmental services (OCDE,
2003). Mexico has very large
surface areas reforested in a
wide variety of environmental
conditions and, therefore, op-
portunities to develop strategies
to reintroduce native species in
degraded areas are wide and
diverse.

Cavalier and Tobler, 1998
Ramirez-Bamonde et al., 2005
Meagnolia dealbata
Quercus germana
Quercus xalapensis

P maximinoi
P patula

i ; PdouglaSIana

Pine Plantations:
Conservation Opportunities

At a global scale, planta-
tions comprise 147x10%ha, and
~2,8x10%ha are incorporated
to plantations each year, 22%
of them established for soil
and water conservation (FAO,
2005). Pine trees account for
20% of plantations worldwide
(FAO, 2000). In North and
Central America, pine trees
are the tree type most widely
used in reforestation programs
(>80%). In South America,
Asia and Africa, pine trees
are included among the four
most important tree genera
used for reforestation, while in
Oceania they are not important
(FAO, 2000). Plantations may
be established for a number of
purposes (commercial, restora-
tion, rehabilitation, CO, uptake,
industrial timber products and
firewood, among others). Pine
tree plantations have interesting
attributes from the standpoint
of restoration and reintroduc-
tion of endangered species and
communities (see Figure 1).
It has been demonstrated that
Pinus caribaea plantations
are suitable for the establish-
ment of species characterized
from late successional stages
in rainforests, at Sri Lanka, for

Ashton et al., 1997
Shorea trapezifolia
S. disticha

i

Pinus spp.

Plantations

g

P radiata : t

example Shorea disticha and
S. trapezifolia (Ashton et al.,
1997). Pinus maximinoi and P.
patula plantations can be used
for growing endangered spe-
cies of advanced successional
stage plants in mountain cloud
forests, such as Magnolia deal-
bata and Quercus germana at
Mexico and Colombia(Cavalier
and Tobler, 1998; Ramirez-
Bamonde et al., 2005). It has
also been demonstrated that
pine plantations favor (nurse)
the incorporation of native flora
(Lust et al., 1998; Vallauri et
al., 2002; Pausas et al., 2004).
For example, Pinus sylvestris
favors the regeneration of Ilex
aquifolium, a flag species of
plant conservation in Spain
(Arrieta and Sudrez, 2006),
and Pinus radiata favors the
regeneration of Pseudopanax
arboreos, Hedycarya arborea
and Alectryon excelsus, among
others at New Zealand (Moles
y Drake, 1999).

Despite the fact that Mexico
is considered as the pine spe-
cies diversification site (Styles,
1998) and has a large amount
of pine plantations, the paradox
is that there are 22 (out of 49)
species included in the Mexican
Standard NOM-Ecol-059-94 un-
der a protection category. Some
Mexican pine species are consid-

Arrieta and Sudrez, 2006

llex aquifolium

Magnolia iftisiana
Quercus sa//C/fo//a
Ortiz-Arrona, 1999

Magno//a Sharpii
Photinia macrocarpa
Quercus crispipilis
Buddleja americana

Camacho-Cruz et a/., 2000
Ramirez-Marcial et a/., 2005

Pseudopanax arboreos
Hedycarya arborea
Aleciryon excelsus

Moles and Drake, 1999

Figure 1. Outcome of pine plantations of different species at different localities, demonstrating the facilitation recruit-
ment of endangered plant species. See text for more details.
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ered as endangered (e.g. Pinus
maximartinezii), threatened (e.g.
Pinus caribaea hondurensis),
subjected to special protection
(e.g. Pinus pinceana) and rare
(e.g. Pinus jaliscana). Some
groups of pine species can be
used throughout the environ-
mental gradient for restoration
and conservation programs.

Pine plantations are not the
only useful option for restora-
tion and reintroduction, as the
native pine forests can also be
useful for introducing endan-
gered species or for preserving
diversity (Sdnchez-Veldsquez et
al., 2008). For example, Mag-
nolia iltisiana and Quercus
salicifolia, species characteris-
tic of the cloud forest, can be
reintroduced under the cover
of natural Pinus douglasiana
forests (Ortiz-Arrona, 1999);
whereas in Chiapas, Mexico,
Magnolia sharpii, Photinia
macrocarpa, Quercus crisp-
ipilis and Buddleja americana,
among others, were successfully
established under the Pinus spp.
canopy (Camacho-Cruz et al.,
2000; Ramirez-Marcial et al.,
2005). (Figure 1). In addition,
pine plantations can be replaced
by late-planted species during
the forest succession (Carnus et
al., 2006; Meiners, 2007).

Plantations are also suitable
for managing and improving
the quality site related with
conservation and restoration
for wildlife objectives (Clout,
1984; Hansen et al., 1991; Ha-
nowski et al., 1997; Lindenmay-
er, 2002). For instance, when
comparing bird communities
in a grassland, 13-year old P.
patula plantations and a natural
oak forest in central Veracruz,
Mexico, a higher diversity in
pine plantations relative to the
adjacent oak forests and grass-
lands was found; furthermore,
25 bird species (29%) occurred
exclusively in pine plantations
(Mendoza-Ortiz, 2006). Planta-
tions can also favor different
species of wildlife through the
connectivity between landscape
fragments, which today represent
the prevailing type of landscape
throughout the world, hence pro-
moting the flow of individuals at
a metapopulation level.

Natural pine forests are im-
portant since they function as

nursing areas for plants used as
food source, shelter and habitat
by a great diversity of wildlife
groups, including arthropods,
resident and migratory birds,
mammals, etc. (Wunderle and
Latta, 1996; Young et al., 1997,
Zanne et al., 2001). However,
the study of the wildlife values
of extensive monocultures is
surprisingly scant, and existing
knowledge is insufficient to
envisage whether these habi-
tats will help conserve most
forest species in the future
(Brook et al., 2006). Among
those animals that inhabit for-
est plantations, arthropods re-
quire a special mention since
they represent 80-90% of the
diversity of animal species in
forests and can radically influ-
ence forest structure and func-
tion in ways that can either
stabilize primary production
or interfere with management
goals (Mattson and Addy, 1975;
Holden, 1989; Wheeler, 1990;
Schowalter, 2000). By selec-
tively affecting tree growth and
mortality rates, insects can alter
forest composition, structure
and succession (Schowalter et
al., 1986; Franklin et al., 1987;
Haack and Byler, 1993; Schow-
alter, 2000). For example, the
mountain pine beetle (Den-
droctonus ponderosae) prefers
to attack older trees, and the
damage produces uneven-age
stands of lodgepole pine that,
in the absence of fire or other
dramatic disturbances, tend
to perpetuate on a particular
site (Cole and Amman, 1969;
Amman, 1977). However, this
selective killing of weak trees
tends to enhance overall stand
fitness and resistance (Schow-
alter, 2000; Logan and Powell,
2001). Additionally, through
this natural selection process,
most native phytophagous in-
sects reach a dynamic state of
equilibrium with their hosts and
natural enemies (Schowalter et
al., 1986; Schowalter, 2000).
Therefore, pine plantations offer
an extraordinary opportunity to
study those successional inter-
actions that can help improve
forest management and biodi-
versity conservation and may
be crucial for obtaining a better
perspective of the role of stands
in biological conservation (Jef-
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fries et al., 2006; Barlow et
al., 2007).

Concluding Remarks

In Mexico, more than 15
million hectares of plantations
involving different development
stages, along with several spe-
cies and environments, represent
an opportunity for ecologists
concerned about biodiversity
restoration and conservation.
Plantations in general, and spe-
cifically pine ones, constitute
natural laboratories, where sci-
entific questions and hypotheses
can be tested to promote res-
toration and conservation pro-
grams. Some questions that can
be addressed in pine plantations
include: Which threatened, en-
dangered or economically im-
portant species, from advanced
successional stages, can use
pine plantations as nursing or
facilitating habitats? What time
(plantation development or age)
is right for the introduction of
desirable species for conser-
vation or production? What
plant species useful for wildlife
can be established under the
pine canopy? What bird species
may reappear or recolonize an
area of pine plantation? What
pine species (in plantations)
are the most useful for restora-
tion? What is the environmen-
tal gradient in which different
Mexican forest types can be
restored using pine plantations?
How can the environmental
services be improved using pine
plantations as facilitators for
other species belonging to more
advanced successional stages?
When is the equilibrium rees-
tablished in the insect-plant in-
terrelations in pine plantations?
How quickly is the arthropod
species richness reestablished in
pine plantations? Our hypoth-
esis is that pine plantations can
play a central role in conserva-
tion through the reintroduction
of threatened or endangered
species, as well as in the pres-
ervation of biodiversity in gen-
eral. This is the opportunity
to translate conservation sci-
ence (or scientific knowledge)
to conservation on the ground
(the conservation in practice)
and address the science-politics
interface. The above questions

may also be explored in other
countries where pine plantations
are abundant and grown for
ecological restoration purposes.
Today, nearly all the Earth’s
ecosystems are severely dis-
turbed and fragmented. In order
to warrant the preservation of
biodiversity and of biological
and evolutionary processes, it is
our responsibility to study and
understand these ecosystems
(i.e. fragmented, plantations,
disturbed, etc.) in their current
state. This knowledge will set
the basis for the right decision-
making with respect to man-
agement and conservation of
biodiversity resources and of the
processes that sustain them.

ACKNOWLEDGMENTS

Dinesh Rao made valuable
comments and suggestions to
the manuscript. This research
was partially financed by the
Consejo Nacional de Ciencia y
Tecnologia (Convenio 083060,
convocatoria CB-2007-01).

REFERENCES

Ahlgren IF, Ahlgren E (1960) Eco-
logical effects of forest fire. Bot.
Rev. 46: 483-533.

Amman GD (1977) The role of the
mountain beetle in lodgepole
pine ecosystems: impact on suc-
cession. In Mattson WJ (Ed.)
The Role of Arthropods in For-
est Ecosystems. Springer. New
York, USA. pp. 3-18.

Arrieta S, Suarez F (2006) Scots
pine (Pinus sylvestris L.) plan-
tations contribute to the regen-
eration of holly (Ilex aquifolium
L.) in Mediterranean central
Spain. Eur. J Forest Res. 125:
271-279.

Ashton PMS, Gamage S, Gunatilleke
TIAUN, Gunatilleke CVS (1997)
Restoration of a Sri Lankan
rainforest: using Caribbean pine
Pinus caribaea as nurse for
establishing late-successional
tree species. J. Appl. Ecol. 34:
915-925.

Barlow J, Overal WL, Araujo IS,
Gardner TA, Peres CA (2007)
The value of primary, secondary
and plantation forests for fruit-
feeding butterflies in the Brazil-
ian Amazon. J. Appl. Ecol. 44:
1001-1012.

Botkin K, Keller EA (2005) Environ-
mental Science: Earth as a Liv-
ing Planet. Wiley, New Jersey,
USA, 664 pp.

Brook BW, Bradshaw CJA, Koh LP,
Sodhi NS (2006) Momentum

521



drives the crash: mass extinc-
tion in the tropics. Biotropica
38: 302-305.

Camacho-Cruz A, Gonzilez-Espinosa
M, Wolf JHD, De Jong BHJ
(2000) Germination and survival
of tree species in disturbed for-
est of the highlands of Chiapas,
Mexico. Can. J. Bot. 78: 1309-
1318.

Carnus JM, Parrotta J, Brockerhoff
E, Arbez M, Jactel H, Kremer
A, Lamb D, O’Hara K, Wal-
ters B (2006) Planted forest and
biodiversity. J. Forestry 104:
65-717.

Cavalier J, Tobler A (1998) The ef-
fect of abandoned plantations of
Pinus patula and Cupressus lus-
itanica on soil and regeneration
of a tropical montane rain forest
in Colombia. Biodiv. Cons. 7:
335-347.

Clements FE (1928) Plant Succession
and Indicators. Hafner. New
York, USA. 453 pp.

Clout MN (1984) Improving ex-
otic forests for native birds. New
Zeal J. Forest. 29: 193-200.

Cole WE, Amman GD (1969) Moun-
tain Pine Beetle Infestations
in Relation to Lodgepole Pine
Diameters. Res. Note INT-95.
Intermountain Forest and Range
Experiment Station. USDA For-
est Service. Ogden, UT, USA.
7 pp-

Connell JH, Slatyer RO (1977) Mech-
anisms of succession in natural
communities and their role in
community stability and organi-
zation. Am. Nat. 3: 1119-1144.

Curtis JT (1959) The Vegetation in
Wisconsin. University of Wis-
consin. Madison, WI, USA. 657
pp-

Daunbenmire R (1968) Plant Com-
munities: A Textbook of Plant
Synecology. Harper and Row.
New York, USA. 300 pp. MISS-
ING IN TEXT

Drury WH, Nisbet ICT (1973) Suc-
cession. J. Arnold Arboret. 54:
331-368.

Eguiluz-Piedra T (1988) Distribucion
Natural de los Pinos en México.
Nota Técnica N° 1. Centro de
Genética Forestal. Chapingo,
México. 8 pp.

FAO (2000) Global Forest Resources
Assessment 2000. Forestry Paper
140. UN Food and Agriculture
Organization. Rome, Italy. 479
pp-

FAO (2005) Global Forest Resources
Assessment 2005. Forestry Paper
147. UN Food and Agriculture
Organization. Rome, Italy. 346
pp-

Franklin JF, Shugart HH, Harmon
ME (1987) Tree death as an
ecological process. BioScience
37: 550-556.

Haack RA, Byler JW (1993) Insects
and pathogens: regulators of

522

forest ecosystems. J Forest. 91:
32-37.

Hanowski JM, Niemi GJ, Christian
DC (1997) Influence of within-
plantation heterogeneity and sur-
rounding landscape composition
on avian communities in hybrid
popular plantations. Cons. Biol.
11: 936-944.

Hansen AJ, Spies TA, Swanson FJ,
Ohmann JL (1991) Conserving
biodiversity in managed forests.
BioScience 41: 382-392.

Henry JD, Swan JM (1974) Recon-
structing forest history from
live and dead plant material-an
approach to the study of forest
succession in southwest New
Hampshire. Ecology 55: 772-
783.

Heywart F (1939) The relationship
of fire to stand composition of
longleaf pine forest. Ecology
20: 287-304.

Holden C (1989) Entomologists wane
as insects wax. Science 246:
754-756.

Jardel PEJ, Ezcurra E, Santiago PAL,
Cortés MC, Castillo NF (2004)
Sucesion y dindmica de roda-
les. In Cuevas GR, Jardel PEJ
(Eds.) Flora y Vegetacion de la
Estacion Cientifica Las Joyas.
Universidad de Guadalajara.
Mexico. pp 177204

Jeffries JM, Marquis RJ, Forkner
RE (2006) Forest age influences
oak insect community structure,
richness, and density. Ecol. Appl.
16: 901-912.

Lindenmayer DB (2002) Planta-
tion Design and Biodiversity
Conservation. Rural Industries
Research and Development Cor-
poration. Barton, Kingston, Aus-
tralia. 64 pp.

Logan JA, Powell JA (2001) Ghost
forests, global warming, and
the mountain pine beetle (Co-
leoptera: Scolytidae). Am. Ento-
mol. (Fall): 160-172.

Lust N, Muys B, Nachtergale L
(1998) Increase of biodiversity in
homogeneous Scots pine stands
by an ecologically diversified
management. Biodiv. Cons. 7:
249-260.

Mattson WJ, Addy ND (1975) Phy-
tophagous insects as regulators
of forest primary production.
Science 190: 515-522.

Mendoza-Ortiz L (2006) Caracteri-
zacion Ecologica de una Comu-
nidad de Aves en un Fragmento
de Bosque de Encino Pino en
Veracruz México. Thesis. Uni-
versidad Veracruzana. Xalapa,
Mexico. 35 pp.

Meiners SJ (2007) Native and ex-
otic plant species exhibit similar
population dynamics succession.
Ecology 88: 1098-1104.

Menninger HL, Palmer MA (2006)
Restoring ecological communi-

ties: from theory to practice. In
Falk DA, Palmer MA, Zedler JB

(Eds.) Foundations of Restora-
tion Ecology. Island Press. Wash-
ington, DC, USA. pp. 88-112.

Moles AT, Drake DD (1999) Poten-
tial contributions of the seed rain
and seed bank to regeneration of
native forest under plantation
pine in New Zealand. New Zeal.
J. Bot. 37: 83-93.

OCDE (Organizacién para la Co-
operacion y el Desarrollo Eco-
némico) (2003) Evaluacion del
Desemperio Ambiental: México.
OCDE. México. 287 pp.

Ortiz-Arrona C (1999) Environmental
Effects on Cloud Forest Tree
Seedling Establishment under a
Pinus Canopy in Mexico. The-
sis. University of Aberdeen. RU.
113 pp.

Pausas JG, Bladé C, Valdecantos A,
Seva JP, Fuentes D, Alloza JA,
Vilagrosa A, Bautista S, Cortina
J, Vallejo R (2004) Pines and
oak in the restoration of Medi-
terranean landscape of Spain:
New perspectives for an old
practice- a review. Plant Ecol.
171: 209-220.

Peet RK, Christensen NC (1980)
Succession: a population process.
Vegetatio 43: 131-140

Pérez-Salicrup DE, Pefiazola-Guerrero
C, Aguiar EAA (2006) Regener-
ation of Styrax in natural forest
and in plantation of Cupressus
lindleyi in Michoacan, Mexico.
New Forests 32: 231-241.

Pickett STA, Collins SL, Armesto
JJ (1987) Models, mechanisms,
and Pathways of succession. Bot.
Rev. 53: 335-371.

Pineda-Lépez MR, Sanchez-Velas-
quez LR (1992) Efecto de la
corta selectiva sobre la estructu-
ra de un bosque subtropical de
pino-encino (Pinus-Quercus).
Tiempos de Ciencia 27: 69-77.

Ramirez-Bamonde E, Sanchez-Ve-
lasquez LR, Andrade-Torres A
(2005) Seedling survival and
growth of three species of moun-
tain cloud forest in Mexico, un-
der different canopy treatments.
New Forests 30: 95-101.

Ramirez-Marcial N, Camacho-Cruz
A, Gonziélez-Espinosa M (2005)
Potencial floristico para la res-
tauracion de bosques en Los Al-
tos de Chiapas y montaiias del
norte de Chiapas. In Gonzélez-
Espinosa M, Ramirez-Marcial
N, Ruiz-Montoya L (Eds.) Di-
versidad Biologica en Chiapas.
Plaza y Valdés, COCyTECH,
ECOSUR. Mexico. pp. 325-369.

Rodriguez-Trejo DA, Fulé PZ (2003)
Fire ecology of Mexican pines
and a FIRE management pro-
posal. Int. J. Wildlandfire 12:
23-37.

Rogers DL, Vargas HJJ, Matheson
AC, Guerra SJJ (2003) Pobla-
ciones Insulares Mexicanas de
Pinus Radiata: Una Expedicion
Internacional y la Colabora-

cion en Marcha para la Con-
servacion Genética. Recursos
Genéticos N° 30. FAO. www.
fao.org/docrep/005/y4341s/
Y4341S07.htm#P968_103908
(Cons.09/07/2009).

Séanchez MN, Huguet L (1959) Co-
nifers of Mexico. FAO. Unasyl-
va 13. www.fao.org/docrep/
x5390s/x5390s04.htm (Cons.
09/15/2006).

Sanchez-Velasquez LR (1986) Estudio
de la sucesion forestal en la Sie-
rra de Judrez, Oaxaca, México,
después de un incendio forestal
superficial. Biotica 4: 219 232.

Sénchez-Veldsquez LR (2003) A
model to infer succession mech-
anisms in forests. Agrociencia
37: 533-543.

Sédnchez-Veldsquez LR, Ramirez-
Bamonde E, Andrade-Torres
A, Rodriguez-Torres P (2008)
Ecologia, floristica y restau-
racion del bosque mesdfilo de
montafia. In Sdnchez-Veldsquez
LR, Galindo-Gonzalez J, Diaz-
Fleischer F (Eds.) Ecologia,
Manejo y Conservacion de los
Ecosistemas de Montaiia en
Meéxico. Mundi Prensa. Mexico.
pp. 9-49.

Schowalter TD (2000) Insect Ecol-
ogy: An Ecosystem Approach.
Academic Press. San Diego, CA,
USA. 576 pp.

Schowalter TD, Hargrove WW,
Crossley JR (1986) Herbivory in
forested ecosystems. Ann. Rev.
Entomol. 31: 177-196.

Styles BT (1998) El Género Pinus:
su panorama en México. In Ra-
mamoorthy TP, Bye R, Lot A,
Fa J (Eds.) Diversidad Biologica
de México: Origenes y Distri-
bucion. Instituto de Biologia.
UNAM. Mexico. pp 385-408.

Vallauri DR, Aronson J, Barbero
M (2002) An analysis of for-
est restoration 120 years alter
reforestation on badlands in the
Southwestern Alps. Rest. Ecol.
10: 16-26.

Wheeler QD (1990) Insect diversity
and cladistic constraints. Ann.
Ent. Soc. Am. 83: 1031-1047.

White DS (1979) Pattern, process,
and natural disturbance in veg-
etation. Bot. Rev. 2: 229-299.

Wunderle JM, Latta SC (1996) Avian
abundance in sun and shade cof-
fee plantations and remnant pine
forest in the Cordillera Central,
Dominican Republic. Ornitol.
Neotrop. 7: 19-34.

Young KE, Zwank PJ, Valdez R,
Dye JL, Tarango LA (1997)
Diet of Mexican spotted owls
in Chihuahua and Aguascali-
entes, Mexico. J. Rap. Res. 31:
376-380.

Zanne AE, Keith B, Chapman CA,
Chapman LJ (2001) Protecting
terrestrial mammal communities:
potential role of pine plantations.
Afr. J. Ecol. 39: 399-401.

JUL 2009, vOL. 34 N° 7 IIVERCJENZIA



