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Foreword

For our study Tropical Forestry at the Van Hall Larenstein Institute
we carried out a thesis research at the research station situated in
the Cloudbridge Private Nature Reserve, Costa Rica. This reserve

is situated in the South Central of Costa Rica along the Cordillera
Talamanca mountain chain.

'This study investigate if planting of trees can promote the seed rain
and the establishment of natural regeneration on abandoned pastures
in the Cloudbridge reserve and when this is the case, which tree
species are most effective in this respect and thus recommended for
planting. With this information we hope to help the owner of the
Cloudbridge Reserve with his reforestation efforts.

We want to thank the organization of the Cloudbridge reserve and
especially Ian Giddy for giving us the opportunity to carry out our
thesis research in their organization. We found our work very pleas-
ing and rewarding.



Summary

In the last years nature conservationists are becoming more aware
that conservation of species habitats in the tropics is only possible

if fragmented ecological regions are linked, rather than conserv-

ing small specific areas. Efforts are made to link different ecological
zones, to make it possible for animals and plants to migrate through
bigger areas. For this reason a reforestation project is started in

the Cloudbridge reserve to link the mountain regions of Chiripo
with the pre-mountain regions of the central Valley. There is still a
lack of knowledge on how to reforest former cloud forest areas and
accelerate restoration of the original vegetation. From the start of
the Cloudbridge tree planting program a selection of planted trees
were monitored over the years for their survival rates, vitality and
canopy closure. With these data collected over the years, this research
investigate if planting of trees can promote the seed rain and the
establishment of natural regeneration on abandoned pastures in the
Cloudbridge reserve and when this is the case, which tree species are
most effective in this respect and thus recommended for planting.

To answer this overall question several steps were taken. First had to
be clear how natural regeneration takes place in an undisturbed cloud
forest. Further was examined why forest establishment, on small and
large degraded sites, takes a considerable period of time and what the
mayor barriers are preventing this recovery process. Human interfer-
ence in the recovery process seemed to be a valuable option, to coun-
ter these barriers for natural regeneration. One of the most important
human interventions that came forward was the establishment of
remnant trees in the degraded pasture lands. To test the assumption
that tree planting promotes the establishment of natural regenera-
tion a regeneration monitoring was conducted. The most significant
difference in regeneration found between the two research areas is
the species composition of the regenerating trees and the frequency
of regenerating species. Under the planted trees a mixture of pioneer
and climax species was found, while in the subplot that was left to
recover naturally only pioneer specialists were established.

'The finding of this difference in tree regeneration composition is a
sign that tree planting on an abandoned pasture land can promote
the range of tree species that can establish.

'The return of climax species seems to accelerate the recovery pro-
cess towards the original Cloud forest. After assessing the different
planted tree species, Cupressus lusitanica and Quercus copeyensis
came forward as the most promising species to promote natural re-
generation at this stage. This because under these species established
the most diverse regeneration, further were this the only planted trees
species under which shade-tolerant regeneration established.
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Introduction

'The cloud forests of the southern region of Costa Rica are of excep-
tional conservation importance, owing to their high species diversity
and endemism 1. In the last decades these important cloud for-

est areas have been degraded and severely fragmented 2. The most
destructive form of development is the creation of pastureland which
are abandoned after several years 3. Fragmentation negatively influ-
ences most native biota and habitat, it is a major cause of biodiversity
loss in tropical and temperate forests 4. The recovery of forest, after
these converted lands are abandoned will take many years 5. To
accelerate this slow recovery process conservationists try to come to
good technical approaches to reforest abandoned pasturelands and
try to counter the fragmentation of the original Cloud forest.

In recent years several studies have shown that, once pastureland is
abandoned, native species seedling recruitment is poor 6. Major fac-
tors for this are lack of soil seed bank and seed rain input 7.

A wide variety of studies point out that several site factors are also
slowing down forest recovery, including lack of soil nutrients, soil
compaction, competition with aggressive non native pasture grasses,
seasonal drought, low rates of seedling colonization and predation 8.
However, the relative importance of these factors limiting recovery
has varied greatly among studies and sometimes results have been
contradictory.

Remnant trees may increase seed dispersal, increase soil nutrients and
reduce soil temperatures 9. Another study recorded lower growth
rates of some species of native tropical forest, between seedlings
planted in open pasture compared with those planted under remnant
trees 10. The goal of this research will be to investigate if planting

of trees can promote the seed rain and the establishment of natural
regeneration on abandoned pastures in the Cloudbridge reserve and
when this is the case, which tree species are most effective in this
respect and thus recommended for planting.



Problem statement

In the last years nature conservationists are becoming more aware
that conservation of species habitats in the tropics is only possible

if whole ecological regions are researched rather than small specific
areas. Efforts are made to link different ecological zones, to make it
possible for animals and plants to migrate through bigger areas. For
this reason a reforestation effort is made in the Cloudbridge reserve
to link the mountain regions of Chiripo with the pre-mountain
regions of the central Valley. There is still a lack of knowledge on how
to reforest former cloud forest areas and accelerate restoration of the
original vegetation. In this research is tried to find out if planting of
trees in abandoned pastures accelerates the restoration of the original
cloud forest in the pre-mountain area.

At the start of the Cloudbridge tree planting programme a great
diversity of tree species were planted and monitored over the years
for their survival rates, vitality and canopy closure. With these data
collected over the years, this study investigates if planting of trees can
promote the seed rain and the establishment of natural regeneration
on abandoned pastures in the Cloudbridge reserve and when this is
the case, which tree species are most effective in this respect and thus
recommended for planting.



Research questions

Can planting of trees promote the seed rain and the establishment
of natural regeneration on abandoned pastures in the Cloudbridge
reserve and when this is the case, which tree species are most effec-
tive in this respect and thus recommended for planting?

* How does natural regeneration occur in a virgin cloud forest?

* What are the major barriers to natural regeneration on abandoned
and degraded pasture lands?

* In which ways can these major barriers be overcome by human
interventions?

* Did the planting of native trees promote the establishment of natu-
ral regeneration in the Cloudbridge reserve after six years?

Sub1: How much regeneration is establishing in the area that was
not planted with trees?

Sub2: How much regeneration is establishing under the different
planted tree species?

Sub3: What is the species composition of the established regenera-
tion in those different research areas?

* Which of the planted tree species are the most promising species to
promote natural regeneration after six years?

Subl1: Which planted tree species are suitable to plant on the planta-
tion sites in the Cloudbridge reserve?

Sub2: Under which of the planted tree species estab-lished the high-
est diversity and amount of natural regeneration?

Sub3: Which light level conditions are desired by the dif-ferent
regenerating species?

Sub4: Which light level conditions are provided by the difterent

planted tree species?

Sub5: Which of the planted species have additional characteristics
that can accelerate forest recovery?

-10 -



Methods

Study area

This study was conducted in the plantation sites of the Cloudbridge
reserve. This reserve is situated in the South central of Costa Rica
along the Cordillera Talamanca mountain chain on an elevation
between 1.500 and 2.600 m. It covers roughly three hundred hect-
ares and is part of an important bio-region, surrounded by cloud
forest and high elevation shrub lands, with a high diversity of spe-
cies. It borders the Chiripo national park, which has a status as an
UNESCO World Heritage Site. The average rainfall is approximately
4300 mm yr-land mean high and low temperatures are 23,1°C

and 13,4°C. (temperatures and rainstudies,2004-2007, Gode, A.).

In this research seven study sites were selected. These contained six
plantation sites that were established in 2002 on recently abandoned
pasture, that had been grazed for approximately twenty five years.
Further a subplot was created in an area that was left to recover
naturally.

Tree monitoring

The research area for the tree monitoring consists of the six plan-
tation sites. For these plantation sites nineteen tree species were
selected and planted in the year 2002. From 2003 on these trees
were monitored annually by different Cloudbridge volunteers and
worked out in an excel database. To make the data more complete
the tree monitoring of 2008 (initiated in November 2007) is con-
ducted within this research. After this, a database (use of Microsoft
Access) was created for all the years to make it possible to analyze
the growth, vitality, competition, ground coverage and crown diam-
eter over the years. Later these data was used to determine, which
planted tree species are suitable to plant on the plantation sites. More
information on the methodology used for the tree monitoring can be
tound in appendix 1.

Regeneration monitoring

To determine if forest recovery is promoted by the planting of trees,
there is looked at an area that was planted with trees and an area
without any human intervention. For these areas is determined if

a difference in the amount and species composition of established
natural regeneration could be found. To analyse this, two inventories
are conducted. First inventory is conducted in one of the plantation
areas in the Cloudbridge reserve. This to determine the establish-
ment of natural regeneration under the different planted tree species.
'The plantation chosen for this inventory is the River trail plantation.
'The reason for choosing this plantation is that it was established the
most systematic of all the plantation sites (in a 4x4 spacing). Factors
like easy access, most available data from the last six years, most di-
verse trees planted, situated in the centre of the Cloudbridge reserve
justified the choice further.

'The second inventory is conducted in a research plot that is created
next to the river trail plantation. This to determine the establishment
of natural regeneration in an area that was left to recover naturally.
'The location of this subplot was chosen for its similar site conditions
(elevation, soil, aspect, distance to the river, distance to the forest
edge, etc.) as the plantation. Also, the accessibility from the river trail,
made this location suitable to conduct this inventory.

After these inventories were done a database (use of Microsoft Ac-
cess) was created to compare the two research sites. This data was
later used to determine if there is a difference in the amount and
species composition of established natural regeneration, between the
two research sites and which planted tree species is most effective to
plant. More detailed information on the methodology used for the
regeneration monitoring can be found in appendix 2.
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1 Natural regeneration in a virgin cloud forest
Introduction

Before anything can be said about forest recovery on abandoned
pastures, the natural regeneration in an undisturbed forest has to

be examined. In this chapter the main colonization events and the
different colonization systems used by different groups of tree species
are explained. Further will be explained what the causes are for this
difference in colonization systems.

1.1 cu

'The most important event in the tree regeneration process within a
virgin cloud forest is when an opening of the canopy occurs. “75% of
the tree species at the La Selva Biological station, Costa Rica are de-
pendent on canopy opening for seed germination or growth beyond
sapling stage” 1. The term gap or canopy gap is generally used to refer
to such empty areas within forest canopies. Gaps are the sites of the
greatest understory regeneration and recruitment 2. Many tree spe-
cies depend on gaps for seed germination and seedling growth, gap
dynamics are therefore closely linked to the “next generation” of trees.
This creates a potentially complex interdependence between two ma-
jor ecological features of forests: Canopy composition and structure
affects like gap size, shape, and frequency, while gap characteristics
affect seedling establishment and thus the future canopy composi-
tion.

Gaps can range from sub canopy spaces between individual trees or
branches 3 to the more classical complete gaps, consisting of holes
in the canopy that extend all the way to ground level 4. In forests
protected from large-scale disturbances of wind or fire, openings
created by the death of a single canopy tree, part of a canopy tree,
or a few individuals play a key role in regulating stand development
5.Gaps in the over story are usually caused by wind throw of one
or more canopy dominants and become areas of the forest that have
greater levels of light and available moisture and nutrients 6. Small
canopy gaps can also be caused by other agents of disturbance such as
lightning, insects or pathogenic fungi.

Since the size of a tree fall gap is proportional to the height of the
individual that caused it, stands with larger trees would be expected
to have larger average gap sizes. Heterogeneity in tree height in-
creases the variability in gap size. Emergent trees may create dispro-
portionately large gaps by knocking over trees beneath them as they
fall, and the presence of lianas in the canopy (as in many tropical
forests) increases average gap size because a single falling tree may
pull down a very large tangle of lianas. This spatial heterogeneity of
canopy structure means that gaps of widely varying shape and size
exist throughout a forest stand. The distribution of gap types appears
to be similar in temperate and tropical forests 7.

'The most important factor affecting the regeneration within these
canopy gaps is the micro-climate. Gaps were at first regarded as
having a micro-climate varying with their size in contrast with the
overall closed forest climate, however, this is a simplification 8.In
micro-climatic terms forests are not just Swiss cheese: gaps are nei-
ther homogeneous nor are they sharply bounded 9. Within a canopy
gap the micro-climate is most extreme in the centre and changes
outwards to the physical gap edge and beyond. The larger the gap, the
more extreme the micro-climate of its centre. It is more likely that
there is a larger area of small gap micro-climate around the centre of
large gaps than there is in the centres of small gaps. Also there is a
lot of variation in micro-climate between small gaps. The position of
the gaps and the amount of direct sunlight heavily affect the micro-
climate.

1 .2 Gap closure

Canopy closure can occur in two ways. Individuals below the top

of the canopy can grow taller, expanding their canopies in all di-
mensions while gaining height. Neighbouring individuals can also
increase horizontal branch growth, thereby growing into the gap. This
might be thought of as ‘side-closure’. Research has shown that most
gaps close from below, i.e. individuals grow up into the gap and fill
the growing space. Such vertical recruitment is a dominant succes-

. Bongers,2001

. Brown,1993

. Lieberman et al.,

1989

sion process in many forest ecosystems 10. It is important to remem-  10. Whitmore,1998

ber that it may take several episodes of gap opening and closure for
an individual tree to reach a dominant canopy position. Because of
the competitive environment in the forest understory, individual trees

-12 -
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have a high probability of dying when they are small; the probability
of mortality then decreases for a time when the individuals reach a
dominant canopy position. Finally, as trees age, the chances of dying
increase again, and the recruitment process can start all over again

1 ° 3 Two main tree colonization strategies
Availability of light

Most studies on tree regeneration and gap structure have focused on
the relationship among gap size, associated light levels, and regenera-
tion success. The effects of gap size and gap position on the flux of
solar radiation and its effect on the germination, survival, and growth
of tree species have been of particular interest. The spatial and daily
flux of photo-synthetically active radiation in forest gaps has been
shown to be a pre-eminent factor in seedling survival and growth,
particularly in tropical forests 11. At any particular location, the
amount of light entering the gap depends on the size and topograph-
ic position of the gap, the position within the gap, the height of the
surrounding canopy, the sun angle, and sky conditions 12. Differen-
tial response of tree species to light flux under closed forest canopies
and in gaps has long been known to foresters who have provisionally
segregated tree species in terms of their ability to germinate, survive,
and grow under varying degrees of shade 13.

Forests respond to canopy openings from disturbance in two major
ways: by responding through reorganization of vegetation established
prior to disturbance or by responding as vegetation that becomes
established following disturbance 14.The coupling of the long-held
notions of shade tolerance with the recent interest in gap dynam-

ics has emerged as workers attempt to relate gap physiognomy with
difference in recruitment of tree species. The size of gaps in closed
forests has been shown to determine the type of trees recruited in the
gaps. Small gaps coupled with advance regeneration of shade-toler-
ant species would favour the “reorganization” response while seed
colonization of large gaps by shade-intolerant species would define
the other extreme 15. From this observation researchers have tried to
divide gap colonization by trees into two contrasting ecologic groups:
those termed climax or primary species (non-pioneer) and pioneer
species 16. Despite the recognition that a continuum of regeneration

strategies exist, the classification of trees into two regeneration types
has proven quite useful.

Pioneer species

Pioneer species germinate and establish in big gaps after their cre-
ation. Their basic strategy is to become a dominant canopy tree as fast
as possible. To do this, pioneer species have evolved similar character-
istics to quickly and efficiently attain a dominant canopy position in
the forest. Typically they produce a large volume of low density wood
by fast growth and are characterized by open-branched crowns that
fill as much space as possible to reduce competition. They start to re-
produce early in life and produce large quantities of small seeds that
disperse easily and that stay viable for a long period of time in seed
banks. This way they can colonize new gaps efficiently as they occur
shattered through the forest. Their leaves are short-lived and their
nutrients are rapidly recycled for new flushes. This strategy makes it
inefficient to invest in mechanical or chemical protection against her-
bivores. Because of the continuum of regeneration strategies amongst
trees and the ongoing debate if two distinct groups can be identified,
the true pioneer species are defined as those tree species that can only
germinate and establish in full light conditions. All other species that
have the ability to germinate and/or establish in shade conditions are
considered climax species.

Climax species

Climax or shade-tolerant species are able to establish themselves
under a canopy cover as advance regeneration and will respond to
small gaps. It is a very diverse group of tree species. Some of these
species are able to germinate in full shade, but need full light within
a year to survive, while other tree species can wait several years in the
canopy’s under story and use several canopy openings and closures

to grow before reaching a dominant canopy position. In contrast
with the pioneer species, climax species are slower growing species
that produce denser timber and crowns. Because of the low energy
availability under the canopy, shade tolerant species have developed
numerous adaptations to become as efficient as possible. They have
adaptations to lower grazing pressure by herbivores, multiple layers of
leaves to collect as much as possible of the available light and special-
ized seeds in order to establish successfully under the canopy. These
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seeds have to contain sufficient reserves to grow a root system and
the first photosynthetic organs to survive. The negative effect of this
is that they are more susceptible to seed predation, which makes it
necessary for them to germinate within a few days. For these reasons
climax species need to put a lot of energy in their seeds, thus limiting
their seed quantities and extending the maturity time of the tree.

1 ° 4 Actual species composition in gaps

The preceding paragraph emphasized the relationship between gap
size, geometry and light resources in the determination of the species
composition of forest gaps. Many other factors, however, deter-
mine which individuals or species are able to successfully establish
themselves in forest gaps. Hartshorn recognized the importance of
variables other than gap size that influence the successful regen-
eration of tree species in gaps 17. These included (1) time of gap
occurrence, (2) proximity of seed source to gaps and mechanism of
seed dispersal, (3) substrate conditions, and (4) plant-herbivore rela-
tions. Furthermore, 18 described a number of plant traits that even
further complicate gap dynamic processes: (1) many shade-tolerant
species require gaps in the canopy to reach maturity, (2) understory
seedlings may experience damage or mortality in response to sudden
increases in light flux, (3) some pioneer species may be able to take
advantage of diftfuse radiation, whereas many shade tolerant species
are dependent on some brief period of direct radiation, and (4) even
when resources such as light and nutrients are limiting, tree seed-
lings may not always respond to increased resource levels. Another
researche stressed the complicated nature of resource heterogeneity
across the gap/non-gap continuum 19. Because spatial-temporal
heterogeneity is scale dependent, it may not be obvious which scale is
appropriate to detect meaningful variation that is causing differences
in species composition and density. Furthermore, 20 distinguished
between what they termed “measured” and “functional” heterogeneity.
Measured heterogeneity is what ecologists record with their instru-
ments in the field. Functional heterogeneity, on the other hand, is
what plants actually respond to. The gradients, therefore, of one or
several variables measured across the gap — closed canopy continuum
may not correspond to the actual gradients experienced by different
species, genotypes, or phenotypes. For example, changes in gap size
may not result in changes in gap microclimate 21 or resource al-

location 22. It is with caution, therefore, that one accepts the simple
p p
gap—non-gap or “Swiss cheese” description of forest ecosystems 23.

While cognizant of this fact, however, the vast majority of gap re-
searchers have focused on the resource gradient and species response
across the gap—under story continuum. Bazzaz and Wayne described
it succinctly: “The primary questions we focus on (in gap dynamic
research) are: What are the ecologically relevant quantitative and (or)
qualitative differences in the micro-environmental conditions at dif-
terent points across the gap-under story continuum, and what are the
physiological and demographic characteristics of species’ seedlings
that occupy different portions of the continuum 24?” It is evident,
however, that an understanding of the gap—non-gap interface as a
continuum is somewhat limited. Resources do not necessarily display
a gradual continuum in flux and concentration but are inherently
heterogeneous from the gap centre into the closed forest. A prime
determinant of such heterogeneity is the micro-site.

1 ° 5 Micro-site

Of particular importance in determining seed germination and early
tree establishment in gaps is the nature and abundance of forest floor
substrates or micro-sites found in sub-canopy and open gap positions
25. Tree recruitment is often more dependent on micro-site quality,
which may override the effect of standing tree basal area, gap size,
and resource gradients in gaps 26. Micro-site variability may be a
factor of forest floor disturbance and the presence of exposed mineral
soil, amount and type of coarse woody debris, and degree of compet-
ing vegetation. The amount, type, and degree of decomposition of
coarse woody debris on the forest floor significantly determine seed
germination and survival and growth of tree seedlings in many forest
ecosystems 27 Fallen logs, upon suitable decay, act as nurse logs or
preferred sites of germination. Fallen wood, although making up only
a small percentage of the micro-sites, accounts for a disproportion-
ate percentage of established seedlings. This differentiation in density
and species composition on rotten wood has been attributed to the
reduced competition from herbs and mosses on the raised surfaces
of the coarse woody debris 28 and retention of favourable moisture
supplies 29. Tree falls that expose mineral soil and produce pit and
mound topography create a diversity of micro-sites conducive to the
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establishment and growth of particular tree, moss, and herbaceous
species 30. Whether a tree dies and remains standing for a signifi-
cant period of time, breaks off above the ground, or uproots to create
forest floor and soil disturbance will determine the type of micro-site
available for subsequent colonization. The pit and the mound act

as unique micro-sites that can determine tree species composition,

growth, and density 31.

Trees classified as pioneers are often found regenerating preferen-
tially on disturbed soil in tree fall gaps 32. Hence, so-called “early
successional species” are able to persist in the canopy dominated by
late successional species because of periodic tree uprooting. Non-tree
vegetation may often respond to the increased resource fluxes in gaps
and act as an important factor militating against the successful re-
sponse of tree species. Trees may not respond, therefore, in a predict-
able fashion to gap openings because of above- and below-ground
competition effected by flourishing ground vegetation. Response of
competing vegetation may depend on gap size. Single elm (Ulmus
americana L.) tree gaps resulted in the regeneration of canopy domi-
nants whereas multiple-tree gaps enhanced successful shrub regener-
ation, effectively suppressing regeneration of the tree dominants 33.

1 . 6 Conclusion

Literature studies on natural regeneration in a virgin cloud for-

est showed that the most important event in the tree regeneration
process within a virgin cloud forest is when an opening of the canopy
occurs. Further came forward that the size of gaps in closed forests
determines the type of trees recruited in the gaps. Small gaps coupled
with advance regeneration of shade-tolerant species (climax species)
would favour the “reorganization” response while seed colonization of
large gaps by shade-intolerant species (Pioneer species) would define
the other extreme 34. From this observation researchers have tried to
divide gap colonization by trees into two contrasting ecologic groups:
those termed climax or primary species (non-pioneer) and pioneer
species 35. Tree recruitment is often more dependent on micro-site
quality, which may override the effect of standing tree basal area, gap
size, and resource gradients in gaps 36.

2

Major barriers to natural regeneration on abandoned and
degraded pasture lands

Introduction

To give a good impression about how to reforest an abandoned pas-
ture land it is very important to know what the major barriers are to
the natural regeneration, and how they are caused. This because with-
out knowing anything about the behaviour of the natural regenera-
tion on those pastures, there will be never a successful reforestation
project. With this information available a structured overview can be
made, on which problems have to be taken into account when refor-
estation efforts are made to stimulate the natural regeneration. In the
tollowing paragraphs all the major barriers to natural regeneration on
abandoned and degraded pasture lands are summarized.

2 ° 1 Barriers to restoration

Several studies have shown that, once pasturelands have been aban-
doned, native species seedling recruitment is poor 37. A study by 38
examining barriers to forest regeneration in an abandoned pasture

in Puerto Rico, showed that the major factors were lack of soil seed
bank, and seed rain input. Similarly, studies 39 pointed out that
factors which could delay or slow forest recovery were: shortage of
tree seeds, seed and seedling predation, drought, competition with
established grasses/weeds, exhaustion of soil nutrients and changes in
soil physical properties.

2 o 2 Shortage of tree seeds

'The study of seed availability as a limiting factor in forest recovery
processes 40 clearly indicates that seed availability is a major limiting
factor in forest recovery in three important ways: (1) tree seed density
in pasture seed banks is low, (2) the immigration of new recruits is
hampered, and (3) seed predation seriously limits the available pool
of species. Not only is seed availability limited, but several studies
indicate or suggest that the potential available assemblage of species
may also be restricted.
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First, the tree seed composition in seed banks is virtually limited to
pioneer species 41, such as Cecropia obtusifolia and Helioscarpus
americanus. Most of the pioneer species have the capacity of long
viability and/or dormancy, in contrast to most mature forest tree spe-
cies 42. Second, the main seed vectors for open areas, birds and bats,
disperse generally only small, light weight seeds of pioneer species,
opposed to the larger, heavier seeds of climax species 43. Finally,
larger seeds with higher energy content (often climax species) are
more attractive to seed predators than small seeds, which may be
difficult to find in grasslands 44. These factors may thus result in al
limited and skewed assemblage of species available for forest recovery
processes 45.

Various aspects of these general trends may be questionable, however.
Climax species and pioneer species have a wide and overlapping
range of seed sizes, both including species capable of persisting in the
soil seed bank (irrespective of seed size) for a substantial period of
time 46. Species with small seeds can be dispersed by birds and bats
47 but also risk predation by small rodents and ants 48.

2 . 3 Lack of micro-climate and water availability

For tropical rainforest species, soil surface microclimate is very im-
portant for successful germination. Germination rate and subsequent
survival rate are very high if the soil moisture and temperature are
conducive 49.

The research 50 suggests that high temperatures and lower moisture
availability in pastures compared to forests may result in water stress
for plants and may limit seedling establishment and survival 51.
Nepstad reported that soil water potential in the top 15 cm of soil of
an abandoned pasture in the Brazilian Amazon was low for a number
of weeks during the dry season 52.1n related research, xylem pres-
sure potential was two to five times lower for seedlings planted in a
pasture compared to those planted in tree fall gaps 53. Dense grasses
can also influence the forest recovery on highly degraded pastures by
reducing evaporation from the soil 54. Available moisture may not
be limiting at all abandoned pastures but it depends on the duration
of the dry season. For example when the dry season has a duration of
three months the influence of water stress is much lower than when
the dry season takes six months.

2 . 4 Importance of distance to forest edge

However, even if the microclimate is suitable and enough water is
available, without enough seed supply into abandoned lands recruit-
ment will be nil. Therefore seeds dispersing into a reforested site

are important in enhancing the reforestation and will accelerate the
recovery process. Seed supply from natural forest to abandoned lands,
however, is very poor. Another research showed that few seeds were
tound that disperse more than 10m from the forest edge and seed-
ling numbers declined to nearly zero, 20m from the forest edge 55.
In a study conducted in Puerto Rico, out of 35 species producing
fruit in the surrounding forest, only five species were detected in the
seed rain or seed bank 44m from the forest edge 56. Lack of seed
movement from the primary rainforest to abandoned pasturelands
or reforested lands is dependent on several factors. Most tropical
rainforest trees and shrubs depend on animals, however, considerable
numbers of animals such as frugivorous and bats avoid large open
areas where they could be easily targeted by predators 57. Several
studies have shown that frugivorous birds visiting degraded pasture
from forest remained within 80m of the forest 58.

2 . 5 Competition with established grasses and weeds

Invasion of exotic species into abandoned lands or fragmented forest
landscapes is inevitable. Once they have invaded, they alter the struc-
ture and function of the area 59. These invaders prevent native spe-
cies colonisation in several ways. Thick weed cover may prevent the
native species seed from reaching the soil 60. Even if native species
reach the ground, invaders compete for nutrients and moisture with
newly recruited seedlings 61. Dense grasses can also influence the
forest recovery on highly degraded pastures by reducing evaporation
from the soil 62. Above and belowground competition with pasture
grasses has been suggested as a major factor that limits growth of
certain plant species in tropical pastures 63.

-16 -

55.

56.

57

58.

59.

60.
61.

62.
63.

Charles-Dominique,
1986;

Gorchov, Cornejo,
Ascorra, & Jaramillo,
1993;

Aide & Cavelier,1994
Cubina & Aide,2001

. Howe & Smallwood,

1982
da Silva, Uhl & Murray,
1996

Vitousek, Antonio,
Loope & Rejmanek,1997;
Horvitz, Pascarella,
McMann, Freeman &
Hofstetter,1998

Aide et al.,1995

Vieira, Uhl & Nepstad,
1994;

Nepstad, Uhl, Pereira &
da Silva,1996

Aide & Cavelier,1994
Nepstad et al., 1991;
Guariguata et al.,1995;
Gonzilez Montagut,1996;
Sun & Dickinson,1996



64. Johnston,1992;
Reiners, Bouwman,
Parson & Keller,1994

65. Jusoff,1989

66. Golley et al.,1975;
Vitousek,1984;
Ewel, 1986

67. Vitousek et al.,1987;
Tanner et al.,1992

68. Uehara & Gillman,
1981

69. Krebs,1974;
Montagnini&Sancho,
1990;
Aide & Cavelier,1994;
Reiners et al., 1994

70. Aide & Cavelier,1994;

71. Sanchez,1976;
Landon,1984

72.Janzen,1971;
Uhl,1987;
Nepstad et al.,1990;
Aide & Cavelier,1994;
Holl & Lulow,1997

2 . 6 Soil and nutrient properties

Information on the changes in soil properties before and after defor-
estation and under grazed pasture and/or under anthropogenic pas-
ture or secondary forests is scarce 64. The research 65 reported sig-
nificant changes in selected soil properties subsequent to recreational
use of a forested reserve in Malaysia. The major changes were; in-
creases in bulk density, compaction, soil erosion, and runoft, decreases
in infiltration porosity, and water-holding capacity. Similar informa-
tion for deforested pastureland turned to anthropogenic grassland
and/or secondary forests is scarce for the tropical rainforest listed as a
Natural Heritage Reserve by the UN, in north Queensland, Austra-
lia. Most previous research in the tropics has indicated that plants are
commonly limited by phosphorus 66, although there are exceptions
67. Low levels of available P are common in volcanic soils because

binding of this element with clay results in high P retention rates 68.

Most studies comparing nutrient levels in pasture and forest have
reported lower levels of cat-ions in the pastures than in primary and
secondary forests 69. Previous bioassay studies have suggested that
seedlings grown in pasture soils are more nutrient limited than those
grown in forest soils 70. Tropical forest soils are extremely variable
with respect to their mineralogy and management history 71, which
largely accounts for site-specific differences in the extent to which
nutrient availability limits forest recovery.

2 . ; Discussion and conclusion

It is clear that regeneration of tropical forest vegetation in aban-
doned pasture is limited at all early-successional stages: colonization,
establishment, growth, and survival. Lack of seed availability appears
to be the overriding factor limiting forest recovery in tropical pas-
tures. Not only is dispersal of forest seeds into open areas minimal,
the few seeds that do arrive are commonly subjected to high rates of
predation 72. Questions of drought stress and nutrient limitations
become moot if seeds of forest species are not dispersed into pasture.
Therefore, efforts to facilitate recovery must focus on strategies to el-
evate seed dispersal, such as planting native tree seedlings to increase
canopy architecture, installing bird perching structures, or artificially
establishing shrubs that rapidly mature and fruit, thereby attracting

seed dispersers.

If barriers to seed dispersal are overcome, a number of interrelated
factors may influence seed germination, as well as seedling growth
and survival. These factors include lack of micro-climates, water
availability, soil and nutrient properties and competition with es-
tablished grasses/weeds. The degree to which drought stress affects
recovery is highly variable over spatial and temporal scales, depend-
ing on the length and severity of the dry season. Nutrient limitation
is strongly influenced by soil type, climate, and past land use, further
complicating the interaction among these variables. Given the vari-
ability in the relative importance of these factors, it is essential to
identify rate-limiting factors at individual sites in order to be able to
design site-specific management plans to accelerate forest recovery.

3

How to overcome these major barriers by humen inter-
ventions

Introduction

Forest establishment on small and large degraded sites, takes a
considerable period of time because of the major barriers discussed
in the chapter 2. Human interference in the recovery process may be
regarded as a valuable option, considering the possible functions and
values of the restored forest area.

Major barriers discussed in chapter 2:

* Shortage of tree seeds;

* Lack of micro-climate and water availability;

* Importance of distance to forest edge;

* Competition with established grasses and weeds;
* Soil properties.

'The following paragraphs will describe which methods can be used
to overcome these major barriers for natural regeneration of trees in
abandoned and\or degraded pasture lands.
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3 . 1 Shortage of tree seeds
Direct seedling or transplanting of seedlings

In highly degraded or abandoned pasturelands, soil stored seed bank
of native species composition is very poor, mainly because tropical
rainforest seeds cannot stay in the soil for a long period 73.1n addi-
tion, tropical rainforest seed dispersal agents such as birds and mam-
mals may not utilize the open pasturelands very often. Under these
circumstances direct seeding or transplanting of seedlings is essential
74. Studies have shown that human intervention in pasturelands
may facilitate and accelerate the re-colonization of tropical rainforest
species.

Addition of seeds from the forest soil

Potential approaches to restoration include assisting natural regen-
eration by protecting the site from further disturbances and by allow-
ing natural succession processes, and accelerating natural colonization
through artificial establishment of seedlings 75. In another study 76
they added soil from the forest (seed bank) to various treatments of
the pasture vegetation. The experiments indicated that the addition of
seeds from the forest soil, irrespective of treatment, greatly increased
the density of geminated tree seedlings. Thus, an artificial increase in
seed availability may be one of the crucial components.

Attract the main dispersers

Another method to counter against the shortage of tree seeds, is by
trying to attract the main dispersers back on the pasture lands. To
achieve this it is necessary to plant pioneer species in the abandoned
pasture lands which are attractive to birds and mammals, the major
seed dispersal agents 77 1t is for this reason that species selection is
very important for most restoration programs. Significant numbers of
fast growing fruit and flower producing trees may help to bring seed
dispersal agents into the restored sites.

3 . 2 Lack of micro-climate and water availability

Difterences in moisture availability may also account for the differ-

ences in seedling survival and growth outside and inside the forest

fragments, at least in part. Water deficit has been reported as a major

cause of seedling death of tropical trees in gaps 78. Outside the for-  78. Turner,2001
est, the lower air humidity’s recorded may have increased the rate of

water loss from the seedlings and caused soil desiccation.

Studies have shown that human intervention in pasturelands may

facilitate and accelerate the re-colonization of tropical rainforest

species. But restoration ecologists are struggling to determine which

techniques are most appropriate to restore degraded and abandoned

pasturelands in tropics.

A study suggested that plantations are one alternative way to acceler-

ate natural regeneration of native species on abandoned pasturelands

79. Further techniques, such as broadcasting of seed, and cutting of ~ 79. Chapman and Chapman,
native tree species must also be examined. It is widely accepted that 1996

one cannot simply introduce primary forest species (either seed or

seedling) into abandoned pasturelands, mainly because primary forest

species may not survive under full sunlight, or high soil temperature 80. 80. Whitmore,1991

Further a research proposed that artificial tree planting should be

exercised on the abandoned lands to accelerate the recovery process

81. In rainforest succession, colonization of pioneer species creates a  81. Lugo,1992
suitable condition for climax species to germinate and grow. Pioneer

species grow fast and must produce canopy as quickly as possible.

'This will reduce the weed cover and create a favourable microhabitat

and microclimate for climax species to germinate and often increase

soil nutrients.

Another research highlight the role of remnant tree shade in provid-

ing a favourable environment for seedling growth of certain species

82. Previous studies have suggested that trees may ameliorate micro- 2. Harvey and Haber,1999
climatic conditions, but have focused on the role of trees in reducing

soil water loss 83 and soil temperature 84, without considering the  83. Belsky,1994;

direct effect of light intensity for planted seedlings. Verdu&GarciaFayos,1996
It is important to recognize that photosynthetic rates can be in- 84. Belsky et al,, 1989
fluenced by combinations of light and other stresses, such as high 85. Mulkey & Pearcy,1992
temperature 85, drought 86, and lack of nutrients 87. 86. Maxwell et al,, 1994

87. Castro et al.,1995
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3 . 3 Importance of distance to forest edge

Chapter 2.4 mentioned that the distance from the degraded area to
the forest edge has a significant influence. Human intervention can
play an important role in restoring a degraded forest but it does not
have any influence on how far the degraded pasture land is situated
from the original forest edge. But still the distance between the de-
graded area and the forest edge has to be known, because this way all
the influences of the original forest can be taken in consideration. For
example, if the degraded area is close to the forest edge (within 20m)
there will be seed rain from the original forest in the degraded area,
but if the distance is larger than forty meters, human interventions
may be necessary to achieve the demanded seed rain in the degraded
area. One of these interventions could be the planting of pioneer
species with suitable characteristics to attract birds from the forest
edge into the degraded area. The same intervention could be used to
attract other animals like squirrels and other rodents.

3 ° 4 Competition with established grasses/weeds

As mentioned in chapter 2.5 invasion of exotic species into aban-
doned lands or fragmented forest landscapes, prevent native species
colonization in several ways. There are different ways to overcome
these problems. There can be tried to remove all the exotic grasses
by cutting, removing by hand\machine or poisoning, but this will be
very labour intensive and time consuming. However it is easier to
create a situation that will lead to unsuitable circumstances for the
exotic grasses to grow. To create such a situation planting pioneer
species is one of the best solutions, this because pioneer species have
the characteristics of fast growth and the quick creation of a canopy.
'This will lead to reduction of available sunlight for the grasses and
weeds. Which will lead to reduction of the weed cover and able the
climax species to establish.

3 . 5 Soil properties

As can be read in paragraph six of chapter two, the availability of es-
sential nutrients for plants and trees is poor on an abandoned pasture
land. There are several ways to re-establish the soil fertility but it is
very time consuming and there is no ideal solution for this problem.
One of the best options is to plant trees with a nitrogen fixing root
systems. This will lead to more nitrogen available in the soil for other
plants. Another reason trees should be planted is that trees drop their
leaves once or sometimes more often in a year. This leads to more
organic matter in the soil. Higher nutrient inputs through litter fall
are likely to interact with the effects of light result in more abundant
growth of seedlings below trees. Another method to fertile the soil
are for example adding fertilizers, but this is inefficient and costly.

3 ° 6 Conclusions and discussions

'This chapter described how to deal with the major barriers of restor-
ing rainforest in abandoned pastures. One of the most important hu-
man interventions will be the establishment of remnant trees in the
degraded pasture lands. These trees not only serve as a source of seeds
and not only enhance animal dispersal of seeds, they also ameliorate
high light levels, modify the energy budget of other species under the
canopy, and often increase soil nutrients. Species-specific differences
in the ability to tolerate the high light environment of open pastures
may be an important consideration in choosing pioneer species for
reforestation. However the kind of fruits the trees are bearing is
almost as important, because they promote the attraction of seed
dispersers.
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4

The influence of tree planting on the establishment of
natural regeneration in the Cloudbridge Reserve.

Introduction

In recent years restoration attempts by converting abandoned pas-
turelands have increased significantly. But natural recovery will take
many years to occur. Several factors were found that impeded forest
recovery, like lack of soil nutrients, soil compaction, competition, sea-
sonal droughts, seed colonization and seed/seedling predation. Native
seedling availability is poor 88. Loss of viable seeds can be caused by
a variety of factors such as germination, unfavourable environments,
pathogens, or predation 89. Other studies concluded that lack of for-
est recovery was due to lack of soil seed bank and seed rain input 90.
'The objective of this monitoring is to investigate if planting of trees
can promote the seed rain and the establishment of natural regenera-
tion on abandoned pastures in the Cloudbridge reserve and when
this is the case, which tree species are most effective in this respect
and thus recommended for planting.

Before anything can be said about the acceleration of forest recovery
by planting trees, first it has to be made clear how recovery takes
place when pastureland is left to regenerate naturally. Only if a dif-
ference in the amount and species composition of established natural
regeneration can be found, between the treated pasture land and the
areas without treatment, it can be concluded that forest recovery was
accelerated. To get a complete answer to this question two invento-
ries are conducted. For the first inventory a research plot within the
Cloudbridge reserve will be created in an area that was left to recover
without any human interventions. In this research plot an inventory
is done on the amount and species composition of the established
natural regeneration. Secondly, an inventory on forest recovery will be
conducted on one of the plantations within the Cloudbridge nature
reserve. This inventory will be made on regeneration of cloud for-

est trees under different planted tree species. After this, they can be
compared to see if planting of trees has promoted the establishment
of natural tree regeneration.

4 . 1 Regeneration count plantation

As said in the previous paragraph the research will zoom in on one

of the plantations to investigate, if planting of trees can accelerate the
forest recovery on abandoned pastures. The inventory on regeneration
is conducted at the river trail plantation. The plantation chosen for
this inventory is the River trail plantation. The reason for choosing
this plantation is that it was established the most systematic of all the
plantation sites (in a 4x4 spacing). Factors like easy access, most avail-
able data from the last six years, most diverse trees planted, situated in
the centre of the Cloudbridge reserve justified the choice further.

'The river trail area is almost square shaped and is situated on an el-
evation of 1590 m north to 1620 m on the southern part. The slopes
vary from 5 to 45% but there are still enough flat parts to grow trees.
It contains 540 planted trees on a spacing of 4 x 4. Those trees were
planted in the year 2002 and some dead trees were replanted in the
following years. Their height ranges from 25 cm to 10 meters, which
creates an enormous variety in structure throughout the plantation.
There was little maintenance in the past; the only activity that was
carried out was clearing the small trails once, sometimes twice a year,
to monitor the planted trees. The exact location of the plantation can
be found in Fig 1.

'The purpose of the data is to see how much natural regeneration is
establishing in an area that was planted with diverse tree species. The
research area covers one of the reforested areas in the Cloudbridge
reserve. Under each tree the natural regenerating trees and most
abundant shrubs are counted within a radius of two meters and their
species determined. This is to see which tree species have the highest
regeneration and to find out about the species compositions that are
established under different tree species. More information about the

methodology can be found in appendix 2.

'The data collected during this inventory were stored in Microsoft
Excel sheets and later imported into a Microsoft Access database for
analysis. This way the data collected in the regeneration monitoring
can be used to compare tree regeneration among planted trees with an
area left to recover naturally. More information about the creation of
the database and the analyses of the data can be found in appendix 4.
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Fig 1: Overall map of Cloudbridge Reserve and location of research areas.
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In Table 1 the results of the regeneration count in the plantation

can be found. From all the known regenerated species found in the
plantation the amount, common name, type of tree and the scientific
name are given. The average count per 36 measuring points is also
given, so as to compare the regeneration of the plantation with the
regeneration in the subplot without any human interventions.

As can be seen in the table the first twelve species are the dominant
regenerated species in the plantation. Those species will be described

in the following paragraphs.

Sorillo, Poro, Guacamalla, and Guarumo are shade-intolerant species.

These species where found in relatively light areas on canopy edges
of the mature trees where the number of weeds and grasses were
reduced. Circumstances like enough available sunlight and low com-
petition with weeds and grasses are ideal for those shade-intolerant
species to germinate and establish themselves.

* The species Sorillo was the most abundant of these species and
found throughout the whole plantation. This shade-intolerant tree is
one of the fastest growing species in the surrounding area and can be
found in abandoned pasture lands as well in secondary forests. From
observations in the field it can be determined that this species is very
resistant against competition of weeds and grasses. It can be conclud-
ed that this tree is the first species that establishes itself in the initial
stage of natural succession on an abandoned pasture.

* Erythrina poeppigiana is a nitrogen fixing tree which is common
in all of Costa Rica. It is used for agro-forestry purposes like fences
and as a shadow tree in coffee plantations. Because the plantation
area was used as pasture land before it was reforested, mature trees
can still be found throughout the plantation area. The regeneration
of Erythrina poeppigiana can be explained in two different ways.
'The mature trees already present are a good source of new seed input
dispersed by wind. Also the seeds of this species stay viable for a long
period in the soil seed bank. When the micro-climate becomes suit-
able for the seeds to germinate, abundant seedling establishment will
take place here.

* Cecropia pholyphelbia is a very important tree species in the ecol-
ogy of Tropical forest. It is one of the main food sources of Howler

monkeys and the tree is a home base for sloths. It is found often on
the edges of secondary forest and forest gaps. Mature trees are found
on the edges of the plantation where small patches of forest were left
unused because of steep slopes or closeness to the river. These mature
trees are a good source of new seed input dispersed by frugivorous
birds. The seeds of this species also stay viable for a long period in the
soil seed bank.

* There is not much information available on the Guacamalla trees.
This is due to the fact that the scientific name is not known yet. From
observations during the regeneration monitoring it can be concluded
that the tree has similar characteristics as the other two species.

Ortiga, Quercus sp. and Quercus gulielmi-treleasei are shade-toler-
ant species. They were found in groups of regeneration mainly under
dense canopy closure under circumstances of minimum sunlight and
few grasses and weeds present. This micro-climate was mainly found
in the southern part of the plantation where a mix of Cypresses and
Oaks were planted.

* Quercus sp. and Quercus gulielmi-treleasei are found in the natural
vegetation of primary Cloud forest within the region. Because of
their position as climax Cloud forest species they are very important
for the assessment of the effectiveness of tree plants on the stimula-
tion of natural regeneration. Squirrels were observed in this part of
the plantation and are the main dispersers of the oak seeds.

* There is no information available on the Ortiga trees. This is due to
the fact that the scientific name is not known yet. From observations
during the regeneration monitoring it can be concluded that the tree
has similar characteristics as the other two species.

'The mature Lengua de vaca trees are generally found in secondary
forest and along forest edges but from observation it could also be
concluded that regeneration can take place under close canopy. The
regeneration was found on spaces with minimum sunlight as well as
in open areas. For this reason it was classified neither a shade-intoler-
ant nor a shade-tolerant species. More detailed information on grow-
ing requirements on the tree species could not be found.

Inga species is a fruit tree. It is an important tree for the attraction of
dispersers like most fruit trees. Seedlings were mainly found in large
groups on the north side of the plantation, and sporadically found
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Common name Family Genus Species Species code | Total count regeneration Average count per 36 measuring points
Sorillo Sor 211 22,95
Poro Erythrina poeppigiana Por 36 3,92
Guacamalla Gua 22 2,39
Mirto Fabaceae Inga species Ing 21 2,28
Quercus gt. Fagaceae Quercus gulielmi-treleasei Qgt 20 2,18
Ceresilla Cer 19 2,07
Ortiga Ort 17 1,85
Lengua de vaca Melastomaceae Conostegia oerstediana Ldv 16 1,74
Unindentified 6 Uné 15 1,63
Unindentified 5 Un5 15 1,63
Quercus c. Fagaceae Quercus copeyensis Qsp 15 1,63
Guarumo Cecropiaceae Cecropia polyphlebia Cec 13 1,41
Mosote Triumfetta semitriloba Mos 7 0,76
Behuco,chajotlillo Cha 5 0,54
Unidentified 3 Un3 3 0,33
Cedro dulce Meliaceae Cedrela tonduzii Ced 3 0,33
Unidentified 2 Un2 2 0,22
Amarillo Ama 2 0,22
Raho ermao Rer 2 0,22
Wild Avocado Persea caerulea Avc 1 0,11
Behuco Beh 1 0,11
Chajotillo Chj 1 0,11
Lengua de vaca Melastomaceae Len 1 0,11
Mogillo,moco Saurauia montana Moc 1 0,11
Yas Persea schiedeana Yas 1 0,11
Unidentified 1 Unl 1 0,11
Unidentified 4 Un4 1 0,11
Limon Citrus aurantifolia Lim 1 0,11
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Common name |Family Genus Species Species code [Total count regeneration
Mirto Fabaceae Inga species Ing 22
Guarumo Cecropiaceae |Cecropia polyphlebia |Cec 1
Poro Erythrina poeppigiana |Por 17
Sorillo Sor 35
Unidentified 5 un5 4
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Table 2: Regeneration count subplot.



throughout the rest of the plantation. The large groups found on the
north side are probably dispersed from the mature trees on the edges
of the plantation where small patches of forest were left unused,

due to steep slopes or closeness to the river. The seedlings that were
sporadically found, are probably dispersed by animals.

Ceressila, Unidentified 5 and 6 are regeneration of tree species that
could not be identified yet. Therefore nothing can be said about their
regeneration requirements. But these observations are not useless;
they can still be used as indicators for the effectiveness of tree plant
as a method for succession of natural regeneration on abandoned
pasture land.

4 . 2 Regeneration count subplot

'The purpose of the data collected is to determine the amount and
species composition of established natural regeneration in the areas
that did not get any special treatment and were left to regenerate
naturally. A research area was created next to the river trail plantation
as can be seen in fig... The location of this subplot was chosen for its
similar site conditions (elevation, soil, aspect, distance to the river,
distance to the forest edge, etc.) as the plantation. Also, the acces-
sibility from the river trail, made this location suitable to conduct this
inventory. Around this open area a couple of remnant Inga species
and Erythrina poeppigiana trees remained during its former land use
as pasture but there is still a lot of sunlight that reaches the ground

. In the subplot itself the regeneration of these trees was assumed to
have continued from the time after the pasture was abandoned and
counted as natural regeneration of that species.

In the research site 36 Stakes will be planted in a square, in a 4x4
spacing (the same as the planted trees spacing). From the corner
stakes locations are determined by a GPS system. Around each
individual stake all the naturally regenerated trees and most abun-
dant shrubs within a radius of 2 meters are counted and their species
determined. These stakes are numbered so that data can be collected
in the future. More information about the used methodology can be
found in appendix 2. The data collected is stored in a Microsoft Excel
data sheet and afterwards imported into a Microsoft Access database
to compare the collected data individually and to compare them with
the data found for the regeneration in the river trail plantation. More

information about the creation of the database and the analyses of
the data can be found in appendix 4.

In Table 2 the results of the regeneration count in the subplot can be
found. From all the known regenerated species found in the planta-
tion the amount, common name, type of tree and the scientific name
are given.

As can be seen in Tuble 2 there were only five difterent species found
in the subplot. This can be explained by the size of the research area
and by the fact that only a micro-climate with high light level condi-
tions was found throughout the subplot. This makes it only pos-
sible for shade-intolerant species to establish in this area. This could
turther explain, why the species composition of the regeneration in
the subplot consisted of only shade-intolerant species.

* 'The regeneration of the species Sorillo was found most abundantly,
similar to the composition of the regeneration found in the plantation.
'This is another proof that this tree is the first species that establishes
itself in the initial stage of natural succession on an abandoned pasture.

* Around the subplot there are several mature trees of Inga species
and Erythrina poeppigiana, which provide a substantial seed rain
of those species in the subplot. This can explain the high amount of
regeneration of Inga species and Erythrina poeppigiana observed in
the subplot.

* A significant amount of regeneration from unidentified 5 is found
in the subplot. This is a tree species that could not be identified and

therefore nothing can be said about their regeneration requirements.
From the regeneration of this species in the subplot can be assumed
that it is most certainly a shade-intolerant species.

* The regeneration of Cecropia pholyphelbia can be explained by the
influence of mature trees of this species found in secondary forest
patches throughout the Cloudbridge reserve. These mature trees are
a good source of new seed input dispersed by frugivorous birds. Also

do the seeds of this species stay viable for a long period in the soil
seed bank.

More information about these species can be found in paragraph 2.4.
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4 . 3 Differences in found regeneration

In order to determine if planting of trees promote the establishment
of natural regeneration in the Cloudbridge reserve after six years, the
results of the regeneration monitoring are compared. To get a com-
plete overview of differences between the regeneration found under
the planted trees and the subplot, a graph is created. Because the
subplot contained only 36 and the plantation 331 measuring points,
the data of the regeneration of the plantation had to be averaged
before they could be compared. The results of this comparison can be
seen in the Graph 1.

As can be seen in the Graph 1 there is a significant difference in

the diversity of regenerated tree species. The average regeneration
counted in the plantation shows a much higher diversity of species
then in the subplot. On the plantation 28 different tree species were
regenerating, while the regeneration in the subplot counted only
5.This difference in tree species regeneration can be explained in
several ways:

The area of the planted trees creates a diversity of micro-climatic
conditions. This is caused by the difference in growth characteristics
between the 19 different planted tree species. For example, some trees
provide a low light level micro-climate, caused by dense canopy clo-
sure, while other tree species provide micro-climates with a relatively
high light level micro-climate. In this diversity of micro-climates a
wider range of tree species can establish. This happens because some
tree species require relative light conditions while others prefer the
shade of canopy trees for their regeneration. This difference in mi-
cro-climates can also explain that both shade-intolerant and shade-
tolerant species can be found in the plantation. In contrast with the
planted areas the difference in micro-climates in the subplot is low.
'This could be a reason why diversity of regenerating species in the
subplot is less than in the plantation. Another reason why a wider
range of tree species establishes themselves under the planted trees is
that the trees lower the competition for the regeneration with grasses
and weeds. Thick weed cover may prevent the tree species seeds from
reaching the soil 91. Even if the seeds reach the ground, invaders
compete for nutrients and moisture with newly recruited seedlings
92. Vieira,Uhl &Nepstad, 92. More information on the influence of micro-climate and the

91. Aide et al., 1995

influence of grasses and weeds on the species composition of regen- 1994;
eration can be found in chapter 2. Nepstad, Uhl, Pereira
& da Silva,1996

'The difference in species composition can be further explained by
the ability of some planted tree species to attract dispersers into the
planted area. In total 19 different tree species are planted from which
some have the ability to attract different kind of dispersers. This
attraction of dispersers leads to a higher amount of seed input. Tree
planting in general enhances the attraction of dispersers further. The
reason is that most seed dispersers avoid large open areas because
this makes them vulnerable for predators. More information on the
effect of tree planting on seed dispersers can be found in chapter 2
and 3.

'The amount of regeneration found per species was much higher in
the subplot. This is probably due to the homogenous micro-climate
in the area that favours shade-intolerant species. This micro-climate
with high light levels is only suitable for colonization specialists
which can withstand high light levels and are resistant to water stress.
This select group of tree species finds suitable circumstances in these
open areas and are capable of producing large numbers of regenera-
tion. The competition with other tree species is reduced as well, be-
cause they cannot survive in these harsh conditions. Another reason
for the high amounts of few tree species can be that seeds can only be
dispersed in this area by wind. The reason for this is that most animal
dispersers avoid open areas.

| ° | Conclusions and discussion

After comparing the results from the different research areas, the
question if planting of trees promotes the establishment of natural
regeneration in the Cloudbridge reserve after six years can be an-
swered. From the data collected in the research area already a signifi-
cant difference in regeneration can be found after only six years. The
most significant difference in regeneration between the two research
areas is the species composition of the regenerating trees and the
frequency of regenerating species.
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Under the planted trees a mixture of shade-intolerant and shade-tol-
erant species was found, while in the subplot that was left to recover
naturally only pioneer specialists were found. The finding of this
difference in tree regeneration composition can be a sign that tree
planting on an abandoned pasture land promotes the range of tree
species that can establish. The return of shade-tolerant species seems
to accelerate the recovery process towards the original Cloud forest.
The observation of several dispersing animals in the plantation is also
a sign that planting of trees favours the recovery process. But it is still
unclear if the method of planting trees actually accelerates the recov-
ery process towards the original cloud forest in the long term. Before
anything can be said on this matter additional research on the regen-
eration has to be conducted within several years. This new research
has to find out if the established shade-tolerant species can survive
in the long term and continue to colonize the area. This research also
has to make clear if these shade-tolerant tree species are able to grow
slowly into the dominant canopy and replace the planted trees. After
this research more conclusions can be made about the effectiveness of
tree planting on the recovery process. It will give a better overview if
additional human intervention methods are used to reach the goal of
restoring the original cloud forest vegetation.

5

The influence of the planted trees on the establishment of
regeneration

Introduction

The previous chapter concluded that the planting of trees seems

to favour the range of the establishment of natural regeneration.
Especially the observation of several shade-tolerant species under the
planted trees is promising. This indicates that human intervention by
planting trees on an abandoned pasture has a positive effect on the
forest recovery towards an original cloud forest.

By the assumption that human intervention by planting trees can
have a positive effect on forest recovery towards an original cloud
forest, this chapter will discuss the effect of the individual planted
trees species on the establishment of natural regeneration. A research
is conducted on the influence of the different planted tree species on
the establishment of the natural regeneration. Further is looked at
the potential influence of these planted tree species in the future.

To get a complete overview the following steps are taken: The first
step will try to determine which planted tree species are suitable to
plant on the plantation sites in the Cloudbridge reserve. The second
step will determine under which of the planted tree species estab-
lished the highest diversity and amount of natural regeneration. The
third step will analyse the light level conditions desired by the dif-
ferent regenerating species and the light level conditions provided by
the different planted tree species.

After all these steps are taken, overall conclusions on the influence of
the different planted tree species on the establishment of the natural
regeneration will be summed.

5 . 1 Initial criteria for planted tree species

For the initial selection procedure of the Cloudbridge Nature reserve
three criteria were used to determine which tree species to plant on
the planting areas. Each of the selected trees has to meet at least one
or more of these criteria. The first criteria was that the planted trees
have to represent a diversity of native pioneer and climax species.
The second criteria was that some of the selected trees should attract
animal dispersers back into the area. The trees selected on this criteria
were mainly the fruit trees. The third criteria was that some of the
trees should have potential for commercial harvest. This to use them
as a demonstration project on sustainable harvesting methods and
low impact logging. The trees that are able to fulfil this criteria are
fast growing trees with reasonable timber value.

5 o 2 Planted tree species

From the criteria mentioned in the previous paragraph 19 tree spe-
cies were selected and planted in the year 2002 on 6 plantation sites
in the Cloudbridge reserve. From 2003 on these trees were moni-
tored annually by different Cloudbridge volunteers and worked out
in an Excel database. 7ab/e 3 shows which tree species were planted.
From all planted species in the plantation the total number of trees,
common name, type of tree and the scientific name are given. More
detailed information on the individual species can be found in ap-
pendix 5.
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Genus Species Common name (english) Family Species Code [Total number of trees
Quercus copeyensis oak Fagaceae QcC 229
Cupressus lusitanica Cypress cYy 134
Cedrela tonduzii Sweet Cedar Meliaceae CD 93
Ulmus mexicana Elm Ulmaceae uL 70
Cytharexylum |donnell-smithii Dama DA 67
Persea caerulea Wild Avacado AG 55
Alnus acuminata Alder Betulaceae AL 38
Manikara zapota chicle Mz 35
Inga species wild guava Fabaceae IG 34
Tecoma stans Yellow Elder TS 33
Sapium pachystachys Yos SP 30
Pouteria fossicola Nispero PF 26
Eugenia jambos Rose Apple MR 22
Guarea kunthiana Meliaceae GK 8
Quercus seemannii oak Fagaceae Qs 5
Lauraceae Laurel Lauraceae LS 5
small avocado AV 3
Spathodea campanulata Flame of the forest Bignoniaceae SC 3
Diphysa americana Guachipelin DP 2
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5 . 3 Growth characteristics of the planted trees

As mentioned in the introduction of this chapter, the first step will
try to determine which planted tree species are suitable to plant on
the plantation sites in the Cloudbridge reserve. 7ad/e 4 gives the
average numbers of the measured growth indicators of the planted
trees in the plantations. These average numbers are calculated from
the results of the tree monitoring by using Microsoft Access. More
information on the used queries can be found in appendix 3 on the
creation of the tree monitoring database. The methodology used for
the tree monitoring can be found in appendix 1.

The figures of average DBH, height and crown diameter are visual-
ized in Graph 2 and is used to determine which planted tree spe-
cies have rapid growth in the first six years. This will indicate which
planted tree species are the first ones to become dominant canopy
trees.

As can be seen in Graph 2 are there three planted tree species that
show much faster growth than the other ones. These species are the
Alnus acuminate, Cupressus lusitanica and Ulmus mexicana. They
have become much taller, thicker and have a larger crown diameter
than the other planted tree species during the past 6 years of growth.
When looked at 7uble 4 on vitality and mortality can be seen that
Cupressus lusitanica and Ulmus mexicana also have very low mortal-
ity rates and are relatively healthy. The Alnus acuminate has an aver-
age mortality rate, but when the planted tree survives the first years,
these trees become the most vital fast growing trees within the plan-
tation. For this reason are these three planted tree species dominant
in the plantation canopy and can have an important influence on the
micro-climates found in the plantations. More information on the
influence of the planted tree species on the establishment of natural
regeneration will be discussed in the next paragraph.

The trees planted of the species Small avocado and Diphysa ameri-
cana all died in the first years after planting. This indicates that these
species are not suitable to plant in the initial stage of the plantation.
They might still have an influence on the establishment of natural re-
generation. More information on the influence of the planted species
on the establishment of natural regeneration will later be discussed.

'The trees planted of the species Eugenia jambos, Manikara zapota
and Quercus seemannii stayed relatively small. Eugenia jambos and
Quercus seemannii are naturally slow growing species. They are vital
trees with low mortality rates which indicates that they are suitable
to plant. The Quercus seemannii is native to the area and therefore
a wanted species for the future cloud forest. The planted Manikara
zapota trees have the lowest vitality of all species measured in the
plantation and a high mortality rate. Together with the fact that it
has a slow growth rate it might indicate that this species is not suit-
able for planting in the initial stage of reforestation. Similar to the
Quercus seemannii this species is able to attract seed dispersers when
the tree is matured and further a wanted species for the future cloud
forest. More information on the influence of the planted species on
the regeneration of the cloud forest species will be discussed in the
next paragraph.

All other planted tree species have an average growth rate and are
the second category of species to become canopy dominants. In the
tuture these tree species will compete for canopy dominance with
the fast growing tree species of growth category one. The difference
between the planted species in this growth category is made up by
the difference in vitality and mortality rate. First group represents
the species that show a very high vitality and low mortality rate. This
group consists of the species Inga species, Laurel, Spathodea cam-
panulata and Sapium pachystachys. The results of this data indicate
that this are very resistant tree species that are suitable to plant in the
initial stage of reforestation.

'The second group consists of Persea caerulea, Pouteria fossicola and
Quercus copeyensis. They all have a high vitality and mortality rate.
'This high mortality rate is caused by the fact that the trees died
frequently in the first years after planting. When the tree survived
this initial period, the chance of mortality decreased drastically. Per-
sea caerulea and Pouteria fossicola are fruit bearing trees that were
planted to attract dispersers into the plantation. Quercus copeyensis
was planted because it is one of the dominant species that occurs in
the natural cloud forest. Also Persea caerulea and Pouteria fossicola
are native species and therefore all three species are wanted in the
tuture cloud forest.

'The third group contains only one tree species Cytharexylum don-
nell-smithii. It has a low vitality and mortality rate. It is a climax spe-
cies which prefers shade conditions to grow, which means that this
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Common name Genus Species Species Code | DBH (cm) Height (m) | Crown diameter (m)| Vitality (0-5) |Mortality (%)
Wild Avacado Persea caerulea AG 2,1 1,7 0,6 3,3 36
Alder Alnus acuminata AL 8,4 9,6 2,5 3,3 39
Small avocado AV 100
Sweet Cedar Cedrela tonduzii CD 3,8 3,5 0,7 2,7 39
Cypress Cupressus lusitanica CY 10,3 6,1 2,0 2,9 15
Dama Cytharexylum |donnell-smithii [DA 3,5 2,7 0,9 2,6 22
Guachipelin Diphysa americana DP 100

Guarea kunthiana GK 3,2 2,2 1,1 2,5 67
Wild guava Inga species 1G 23 2,1 0,9 3,2 22
Laurel LS 2,2 2,6 0,9 3,5 0
Rose Apple Eugenia jambos MR 1,0 1,4 0,4 3,3 14
Chicle Manikara zapota MZ 0,9 1,0 0,4 2,3 55
Nispero Pouteria fossicola PF 2,2 1,6 0,5 3,0 60
Oak Quercus copeyensis QC 2,3 2,3 0,7 3,0 39
Oak Quercus seemannii QS 0,9 0,2 3,0 20
Flame of the forest Spathodea campanulata  [SC 2,0 32 1,0 3,5 0
Yos Sapium pachystachys [SP 3,5 3,0 0,8 3,2 11
Yellow Elder Tecoma stans TS 3,3 2,0 0,7 2,2 48
Elm Ulmus mexicana UL 5,6 5,8 2,4 3,1 6
Table 4: Average growth indicators of the planted trees.
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species has a slow but steady growth rate over the first years as can be
seen in the monitoring data from the past six years. It is common in
cloud forest and mountain rainforest of Central America and for this
reason this species is wanted in the future forest.

The last group consists of Cedrela tonduzii, Guarea kunthiana and
Tecoma stans. Although these species show an average growth rate ,
the vitality and mortality rates do not look promising. Especially the
Guarea kunthiana and Tecoma stans seem to have a lot of problems
to cope with the harsh conditions of the open areas. For this reason
it is probably more efficient to plant these species in a later stadium
of the reforestation effort. Cedrela tonduzii is a wanted species for
the future cloud forest. It also shows a slightly better vitality and
mortality rate, than the other two species. This species is a half-shade
tolerant species, therefore its planting effort is more effective when an
initial canopy is already formed on the plantation sites. More infor-
mation on the influence of the planted species on the natural regen-
eration will be discussed in the next paragraph.

More detailed information about the characteristics of all the planted
tree species can be found in appendix 5.

5 ° I Amount of regeneration per planted tree species

Last paragraph showed which species are suitable to plant on the
plantation sites. This paragraph tries to determine under which of the
planted tree species established the highest diversity and amount of
natural regeneration.

The data collected in the regeneration monitoring (appendix 2) is
used to determine under which of the planted tree species established
the highest diversity and amount of natural regeneration. Before this
raw data could be analyzed and give useful information on the estab-
lished natural regeneration, first the raw data had to be imported into
a Microsoft Access database. After this averages of regeneration for
each planted tree species are calculated. More information about the
creation of the database and the analyses of the data can be found in
appendix 4. The averages of regeneration for each planted tree species
can be seen in Table 5.

As can be seen in 7uble 5 most established natural regeneration

was found under Cupressus lusitanica, Quercus copeyensis, Ulmus
mexicana and Persea caerulea. This is partially caused by the amount
of planted trees from these species that were measured during the
inventory. To make the results more comparable, average number of
regeneration per measured tree is calculated. From this average num-
ber of regeneration per measured tree, can be concluded that there

is a considerable difference in the amount of regeneration under the
different planted tree species. Especially Tecoma stans and Cupressus
lusitanica show high figures in regeneration amounts. This average
number only gives information on the amount of regeneration and
does not include the composition of the regenerated species. Now the
amount of natural regeneration found under each different planted
tree species is known, will be looked at the species composition of the
established natural regeneration.

Table 6 contains the field data found during the regeneration moni-
toring (appendix2). The amount of the twelve most dominant tree
species is given for each planted tree species. The observations of
other species are excluded for several reasons. The Mosote and Raho
ermao were excluded because after research they were identified as
plants instead of trees. Other species which are not in this table were
excluded because there was not enough information available on this
species and their amount of regeneration negligible.

As can be seen in the table most species diversity is observed under
the Cupressus lusitanica and Quercus copeyensis. This number can
give a wrong impression about the high species diversity under these
planted tree species. The reason for the high species diversity number
can also be explained by the fact that these planted trees species were
most abundant on the plantation. To make the results more compa-
rable, average amount of regenerated species is calculated for each
planted tree species. This is done by dividing the amount of regener-
ated species under a planted tree species (for example Sorillo) by the
total amount of trees measured from this planted tree species (for
example Cupressus lusitanica). In 7uble 7 and Graph 3 can the results
of this calculation be seen.
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Genus Species Total number of regeneration measured Total number of measured trees Average number of regeneration per per tree

Cupressus lusitanica 229 100 2,3

Quercus copeyensis 72 61 1,2

Ulmus mexicana 43 39 1,1

Persea caerulea 27 19 1,4

Cedrela tonduzii 19 23 0,8

Tecoma stans 16 6 2,7

Cytharexylum  |donnell-smithii 15 25 0,6

Inga species 4 5 0,8

Sapium pachystachys 1 2 0,5

Quercus seemannii 0 1 0

Eugenia jambos 0 2 0

Alnus acuminata 0 3 0

Table 5: The average number of regeneration per measured tree.
planted tree species

Regenerated species Scientific name cYy Qc uL DA cD AG u TS 1G SP Total regenerated species
Sorillo 124 29 23 9 12 6 8 211
Poro Erythrina poeppigiana 6 6 8 1 5 6 1 1 1 1 36
Guacamalla 10 1 1 2 6 2 22
Mirto Inga species 4 5 9 3 21
Quercus g Quercus gulielmi-treleasei 18 1 1 20
Ceresilla 8 1 1 2 7 19
Ortiga 8 9 17
Lengua de vaca Conostegia oerstediana 11 5 16
Unindentified 6 2 1 3 1 6 2 15
Unindentified 5 3 5 3 1 1 1 1 15
Quercus s. Quercus copeyensis 15 15
Guarumo Cecropia polyphlebia 7 3 2 1 13
species diversity 11 10 6 5 3 7 6 5 3 1

Table 6: Regeneration found per planted tree species.
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'The figures of Tuble 7 are visualized in Graph 3 to get a better
overview. For each planted tree species average amount and spe-

cies composition of the regeneration is shown. This can be used to
estimate which regeneration can be expected under difterent planted
tree species.

When looked at Graph 3 difterences in amount and species com-
position of regeneration can be observed between the planted tree
species. The following paragraph will discuss the established natural
regeneration per planted tree species.

Cupressus lusitanica shows a high average of regenerated tree species
per tree and a high variety in species composition. Species that were
mostly found under the Cupressus lusitanica trees are: Sorillo, Quer-
cus gulielmi-treleasei, Conostegia oerstediana and Ortiga. The most
remarkable observations are:

* Sorillo was found twice as much under the Cupressus lusitanica as
under the other planted tree species.

* Conostegia oerstediana, because this species did not regenerate in
large quantities under the other planted tree species.

* Quercus gulielmi-treleasei, because it was only found under Cu-
pressus lusitanica and Quercus copeyensis.

* Ortiga, because it was only found under Cupressus lusitanica and
Quercus copeyensis.

* The species Erythrina poeppigiana, because it regenerated under
almost every tree but very few were found under the Cupressus
lusitanica.

Quercus copeyensis shows a high diversity in tree species regeneration,
but average amount of regeneration quantities. Species that were
mostly found under the Quercus copeyensis are: Sorillo, Ortiga and
Quercus copeyensis. The most remarkable observations are:

* Ortiga, because it was only found under Cupressus lusitanica and
Quercus copeyensis.

* Quercus gulielmi-treleasei, because it was only found under Cu-
pressus lusitanica and Quercus copeyensis.

* Quercus copeyensis, because this species was only found under
Quercus copeyensis.

Ulmus mexicana shows an average diversity in tree species regenera-
tion and average quantities of regeneration. Species that were mostly

found under the Ulmus mexicana are: Sorillo, Erythrina poeppigiana
and Inga species. The most remarkable observations are:

* Inga species, because it was only found in larger numbers under
Ulmus mexicana and Tecoma stans.

Cytharexylum donnell-smithii shows an average diversity in tree
species regeneration and low quantities of regeneration. Species that
were mostly found under the Cytharexylum donnell-smithii are:
Sorillo, Guacamalla and Cecropia polyphlebia. The most remarkable
observations are:

* Cecropia polyphlebia, because it regenerates most abundant under
the Cytharexylum donnell-smithii.

Cedrela tonduzii shows low diversity in tree species regeneration and
low quantities of regeneration. Species that were mostly found under
the Cedrela tonduzii are: Sorillo and Erythrina poeppigiana. The
most remarkable observations are:

* There are no remarkable observations for this planted tree species.

Persea caerulea shows an average diversity in tree species regeneration
and high quantities of regeneration. Species that were mostly found
under the Persea caerulea are: Sorillo, Erythrina poeppigiana, Guaca-
malla and Unidentified 6. The most remarkable observations are:

* Species composition is divided equally over this most abundant
regenerating species.

* Erythrina poeppigiana, because it was found in larger numbers
under Persea caerulea then under most other planted tree species.

* Guacamalla, because it was found in larger numbers under Persea
caerulea then under most other planted tree species.

* Unidentified 6, because it was found in larger numbers under Persea
caerulea then under most other planted tree species.

Tecoma stans shows an average diversity in tree species regeneration
and high quantities of regeneration. Species that were mostly found
under the Tecoma stans are: Inga species, Ceresilla, Unidentified 5
and Unidentified 6. The most remarkable observations are:

* The average number of regeneration measured per tree is highest of
all planted tree species.

* Inga species, because it was found in larger numbers under Tecoma
stans then under any other planted tree species.

* Ceresilla, because it was found in larger numbers under Tecoma
stans then under any other planted tree species.
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Regenerated species Scientific name Ccy Qc uL DA CD AG TS IG SP
Sorillo 1,241 0,48 0,59 0,36/ 0,52 0,32 0,00 0,00 0,00
Poro Erythrina poeppigiana 0,06 0,10f o0,21f o0,04( o0,22( 0,321 0,17 0,20/ 0,50
Guacamalla 0,101 0,02 0,03} 0,08, 0,00 0,32 0,00 0,40( 0,00
Mirto Inga species 0,04 0,00 0,13| 0,00/ 0,00f 0,00( 0,50 0,00 0,00
Quercus Quercus gulielmi-treleasei 0,18 0,02 0,00/ 0,00/ 0,00/ 0,00/ 0,00/ 0,00f 0,00
Ceresilla 0,08/ 0,02 0,00 0,00/ 0,00 0,05 1,17 0,00 0,00
Ortiga 0,08, 0,15 0,00 0,00/ 0,00/ 0,00/ 0,00f 0,00(f 0,00
Lengua de vaca Conostegia oerstediana 0,11 o0,00f o0,00f 0,00 o0,00( 0,00 0,00 0,00 0,00
Unindentified 6 0,021 0,02 0,08, 0,00/ 0,04 0,32| 0,33] 0,00f 0,00
Unindentified 5 0,03 0,08 0,08 0,04 0,00 0,05/ 0,17 0,20 0,00
Quercus c. Quercus copeyensis 0,00 0,25| 0,00, 0,00/ 0,00, o0,00( 0,00 0,00f 0,00
Guarumo Cecropia polyphlebia 0,07| 0,05 0,00/ 0,08 0,00f 0,05/ 0,00/ 000/ 0,00
Total regeneration amount per tree species 2,01 1,16/ 1,10/ 0,60/, 0,78 1,42| 2,33| 0,80 0,50
Table 7: Average amount and species composition of the regeneration per planted tree species..
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* Unidentified 5, because it was found in larger numbers under
Tecoma stans then under most other planted tree species.

* Unidentified 6, because it was only found in larger numbers under
Tecoma stans and Persea caerulea.

Inga species shows low diversity in tree species regeneration and low
quantities of regeneration. Species that were mostly found under the
Inga species are: Erythrina poeppigiana, Guacamalla and Unidenti-
fied 5. The most remarkable observations are:

* The species diversity of the regeneration is very low.

* The regenerated species that occur do this in high amounts when
compared with regeneration amounts under other planted tree species.
* Guacamalla, because it was found in larger numbers under Inga
species then under any other planted tree species.

* Unidentified 5, because it was found in larger numbers under Inga
species then under any other planted tree species.

Sapium pachystachys shows low diversity in tree species regeneration
and low quantities of regeneration. Species that were mostly found
under the Sapium pachystachys are: Erythrina poeppigiana. The most
remarkable observations are:

* The species diversity and quantity of the regeneration is lowest of all
planted tree species.

* Erythrina poeppigiana, because it was found in larger numbers un-
der Sapium pachystachys then under any other planted tree species.

5 . 5 Circumstances desired by the different regenerating species

In the previous paragraphs is discussed which planted tree species
are suitable to plant on the plantation sites in the Cloudbridge re-
serve. Further is determined under which of the planted tree species
established the highest diversity and amount of natural regeneration.
In this paragraph is determined under which light level conditions
the different natural regenerated tree species established. When this
is clear the conditions provided by the different planted tree species
are analysed to find out if these provided light level conditions are
related with the establishment of the difterent natural regenerated
tree species.

Table 8 shows the average shade conditions under which each regen-
erated tree species was found. With this information can be indicated
which shading the different regenerated tree species prefer. The shade
conditions are measured in the field during the tree monitoring at
the individual tree planting sites (appendix 1). The influence of the
shade conditions on the regenerated species is obtained, through a
query in Microsoft Access, by linking tree monitoring data with the
regeneration monitoring data. This average shade conditions under
which the regenerated tree species occur is afterwards converted into
average shade conditions in percentages. More information about the
database tables can be found in appendix 3 and 4.

When looked at the table some indications can be found on which
regenerated tree species prefer which kind of shading percentage to
establish. The indications found for the individual regenerated species
will be discussed in the following paragraph.

* Ortiga is found under the highest average shade conditions and was
never observed in high light level conditions. This is a strong indica-
tion that Ortiga is a shade tolerant species that needs a lot of shading
to regenerate.

* Quercus gulielmi-treleasei is found under high average shade
conditions and never observed under high light level conditions. This
observation is in line with the information found in literature studies
that this is a species that needs low light levels to regenerate.

* Conostegia oerstediana is found under high average shade condi-
tions. From the literature study on this species came forward that the
species is generally found in secondary forest, on forest edges and
old pasture lands. When all of this is taken into account this spe-
cies seems to be a half-shade species that needs low light levels to
regenerate, but needs higher light levels in their further development
towards a dominant canopy tree.

* Cecropia polyphlebia is found under average light level condi-
tions. From the literature study on the tree species came forward,
that this species is a pioneer tree that dominates the first succession
stage. From the observation that the regeneration was mainly found
near mature trees of this species can be concluded that the mature
trees have a significant effect on the regeneration of this tree species.
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Common name Genus Species Average shade (%)
Ortiga 71
Quercus gt. Quercus gulielmi-treleasei 58
Lengua devaca [Conostegia |oerstediana 53
Guarumo Cecropia polyphlebia 45
Sorillo 38
Mirto Inga species 37
Poro Erythrina poeppigiana 33
Unidentified 5 30
Ceresilla 28
Unidentified 6 26
Guacamalla 22
Quercus c. Quercus copeyensis 15

Table 8: Average shade conditions found under each regenerated tree spedies.

Common name Genus Species Average crown diameter (m)
Alder Alnus acuminata 2,58
Elm Ulmus mexicana 2,41
Cypress Cupressus lusitanica 2,07
Dama Cytharexylum donnell-smithii 1,06
Yellow Elder Tecoma stans 1,03
wild guava Inga species 1,01
Quercus c. Quercus copeyensis 0,85
Unidentified Unidentified taxon 0,82
Sweet Cedar Cedrela tonduzii 0,74
Wild Avacado Persea caerulea 0,55
Rose Apple Eugenia jambos 0,50
Yos Sapium pachystachys 0,28
Quercus s. Quercus seemannii 0,20

Table 9: Average crown diameter of the planted tree spedies.
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'This was also verified by similar observations on the regeneration in
the subplot. The reason for the average light level conditions under
which the regeneration of this species established can be explained
by the advance in growth of the regeneration of this species. This
can be explained by the reason that this species establishes in early
succession of an abandoned pasture land. For this reason this spe-
cies established in the first years of the plantation and therefore had
a significant advance in becoming dominant in the canopy. This is
why the regeneration of the Cecropia polyphlebia is not affected by
the shading produced by the planted tree species in a later stage. The
youngest regeneration of the Cecropia polyphlebia did not have this
advance and therefore is it only found in high light level conditions.

* Sorillo is found under average to low light level conditions. The
observation that this species was found throughout the whole planta-
tion and the subplot is an indication that this species is not directly
bound to a certain light level condition.

* Inga species is found under average to low light level conditions.
The observation that this species was found almost exclusively in
one part of the plantation, indicates that the regeneration is highly
dependent on mature trees in its direct surroundings rather than the
light level conditions.

* Erythrina poeppigiana is found under high light conditions,
throughout the whole plantation. From the literature study on the
tree species came forward, that this species is a true pioneer species.
This explains why this species regenerates throughout the whole
plantation in high light level conditions.

* Unidentified 5 and Unidentified 6 are found under high light con-
ditions, throughout the whole plantation. There is no information on
these tree species due to the fact that they are not identified yet. Dif-
terence between the two species is that Unidentified 5 seems to be a
bit more shade-tolerant than Unidentified 6, which was only found
in very high light level conditions.

* Ceresilla was found under high light level conditions. There is no

information on this tree species due to the fact that it is not identi-
fied yet. Observations in the field indicate that this species regener-
ates in high light level conditions.

* Guacamalla was found under high light level conditions. There is
no information on this tree species due to the fact that it is not iden-
tified yet. Observations in the field indicate that this species regener-
ates in high light level conditions.

* Quercus copeyensis was found under extreme high light level
conditions. This data is misleading, because this species was found
regenerating directly under a planted tree from its own species. This
planted tree provides almost maximum shade under its canopy, which
is suitable for its own regeneration to establish. From this observa-
tion and from the literature study can be concluded that it is a climax
species.

5 . 6 Shade conditions provided by the planted tree species

Last paragraph tried to determine under which light level conditions
the different regenerated tree species established. In this paragraph
the light level conditions provided by the different planted tree spe-
cies are analysed to find out if these provided conditions are related
with the establishment of the different natural regenerated species.
'These conditions provided by the planted tree species are deter-
mined through analyses of the average crown diameter created by the
individual planted tree species after six year. This information will be
combined with the crown characteristics of the different planted tree
species that were determined through observations in the field and
literature studies. This will give a good impression on the actual light
level conditions provided by the individual planted tree species.

Table 9 shows the average crown diameter for the different planted
tree species. The crown diameters were measured in the tree monitor-
ing (appendix 1). After this, the average crown diameter for the indi-
vidual planted tree species is calculated through a query in Microsoft
Access database of the tree monitoring (appendix 4).

Alnus acuminata shows as can be seen in Tuble 9 the largest average
crown diameter. This species is a true pioneer in the cloud for-

est. From literature studies and the observations in the field can be
concluded, that this species creates a deep, wide crown with an open
foliage. These crown characteristics lead to large areas of high light
level conditions under the tree crowns.
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Ulmus mexicana shows a large average crown diameter. This species is
a shade-tolerant species and one of the largest trees in the cloud for-
est. Literature studies indicate that this species creates a deep, wide
crown with a very dense foliage. In the field different crown charac-
teristics where observed. Here the tree shows a wide open crown with
an open foliage. The reason for this is that crown foliage becomes
denser after maturing. The crown characteristics in juvenile stage
observed in the field, lead to large areas of high light level conditions
under the tree crowns. After maturing almost no light passes through
the dense foliage and creates large areas of low light level conditions
under the tree crowns.

Cupressus lusitanica shows a large average crown diameter. The tree is
native to the Northern regions of Central America. From literature
studies and the observations in the field can be concluded, that this
species creates a deep wide crown with a dense foliage. This crown
characteristics lead to large areas of low light level conditions under
the tree crowns.

Cytharexylum donnell-smithii shows an average crown diameter. This
species is a shade-tolerant species native in the cloud forest. Lit-
erature studies indicate, that this species creates a wide crown with
a dense foliage. In the field different crown characteristics where
observed. Due to slow growth the tree shows a narrow crown with

a dense foliage. The crown characteristics in the juvenile stage lead
to small areas of low light level conditions under the planted trees.
In coming years the average crown diameter will increase which will
lead to larger areas of low light level conditions under the planted
trees.

Tecoma stans shows an average crown diameter. This species needs full
sunlight to grow. Literature studies indicate, that this species creates
an irregular oval crown with moderate to dense foliage. In the field
different crown characteristics where observed. Due to slow growth,
the tree shows a narrow crown with a moderately dense foliage The
crown characteristics in the juvenile stage observed in the field, lead
to minimal influence on the light level conditions under the planted
trees. In the coming years the average crown diameter will increase
which will lead to larger areas of moderate light level conditions
under the planted trees.

Inga species shows an average crown diameter. This species needs full
sunlight to grow. Literature studies indicate, that this species cre-
ates a wide, flat crown with moderate to dense foliage. In the field
different crown characteristics where observed. Due to slow growth
the tree shows a narrow crown with a moderately dense foliage. The
crown characteristics in the juvenile stage observed in the field, lead
to small areas of moderate light level conditions under the planted
trees. In coming years the average crown diameter will increase which
will lead to larger areas of moderate light level conditions under the
planted trees.

Quercus copeyensis shows an average crown diameter. This species is

a shade-tolerant species that is an abundant tree species in the cloud
forest. Literature studies indicate, that this species creates a wide
crown with a dense foliage. In the field different crown characteristics
where observed. Due to slow growth, the tree shows a narrow crown
with a dense foliage. The crown characteristics in the juvenile stage
lead to small areas of low light level conditions under the planted
trees. In coming years the average crown diameter will increase
which will lead to larger areas of low light level conditions under the
planted trees.

Cedrela tonduzii shows an average crown diameter. This species is

a half shade-tolerant species and native in the cloud forest. From
literature studies and the observations in the field can be concluded,
that this species creates an wide crown with an open foliage. The
crown characteristics in the juvenile stage observed in the field, lead
to minimal influence on the light level conditions under the planted
trees. In coming years the average crown diameter will increase
which will lead to large areas of high light level conditions under the
planted trees. Another reason for the low impact of this tree species
on light level conditions can be explained by the fact that the tree
loses its leaves in the dry period.

Persea caerulea shows an low to moderate, average crown diameter.
'This species is a shade-tolerant species and native in the cloud forest.
Literature studies indicate, that this species creates a wide crown
with a dense foliage. In the field different crown characteristics where
observed. The trees only showed height growth and did not create a
distinct crown in this juvenile stage. The crown characteristics in the
juvenile stage observed in the field, lead to minimal influence on the
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light level conditions under the planted trees. In the coming years the
trees will create a more distinct crown, which will lead to large areas
with low light level conditions under the planted trees.

Eugenia jambos shows a low to moderate average crown diameter.
This species is endemic to South east Asia. The tree species favours
sunny conditions. Literature studies indicate, that this species cre-
ates a wide crown with a dense foliage. In the field different crown
characteristics where observed. Due to slow growth, the tree shows a
narrow crown with a dense foliage. The crown characteristics in the
juvenile stage lead to small areas of low light level conditions under
the planted trees. In coming years the average crown diameter will
increase which will lead to larger areas of low light level conditions
under the planted trees.

Sapium pachystachys shows a low average crown diameter. This spe-
cies is a true pioneer in the cloud forest. Information on the crown
growth of this species could not be found. During observation in
the field, the trees only showed height growth and did not create a
distinct crown in this juvenile stage. The crown characteristics in the
juvenile stage observed in the field, lead to minimal influence on the
light level conditions under the planted trees.

Quercus Seemannii shows a low average crown diameter. This spe-
cies is a shade-tolerant species that is an abundant tree species in the
cloud forest. Literature studies indicate, that this species creates a
wide crown with a dense foliage. In the field difterent crown charac-
teristics where observed. Due to slow growth, the tree shows almost
no crown. The crown characteristics in the juvenile stage observed

in the field, lead to minimal influence on the light level conditions
under the planted trees. In coming years the average crown diameter
will increase which will lead to larger areas of low light level condi-
tions under the planted trees.

5 . 70vera11 findings and conclusions of the planted tree species

In the previous paragraphs is discussed which planted tree species are
suitable to plant on the plantation sites in the Cloudbridge reserve.
Further is determined under which of the planted tree species estab-
lished the highest diversity and amount of natural regeneration. Third

paragraph tried to determine under which light level conditions each
regenerated tree species established. Last paragraph the light level
conditions provided by the different planted tree species are analysed.

'This paragraph tries to answer, if these provided conditions by the
different planted tree species are related with the establishment of the
different found regeneration under the planted trees. This is done to
determine which planted tree species have already a significant influ-
ence on the establishment of the natural regeneration. Further the
potential influence in the future of these planted tree species on the
establishment of natural regeneration is assessed. The overall findings
on these planted tree species are summarized in a final overview.

Cupressus lusitanica

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows a large average crown diameter and creates a deep
wide crown with a dense foliage. This crown characteristics lead

to large areas of low light level conditions under the tree crowns.
When looked at the light level conditions provided by the Cupressus
lusitanica., it is expected to find only regeneration of shade-tolerant
tree species under these planted trees.

'The actual regeneration monitoring on the Cupressus lusitanica
shows a high average of regenerated tree species per tree and a high
variety in species composition. Species that were mostly found under
the Cupressus lusitanica trees are: Sorillo, Quercus gulielmi-treleasei,
Conostegia oerstediana and Ortiga. All these regenerated tree species
seem to be shade-tolerant species as mentioned in paragraph 5.5.
These findings are in line with the expectations from the light level
conditions provided by the planted trees. This is an indication that
Cupressus lusitanica has a positive influence on the regeneration of
shade-tolerant tree species. The only tree species which does not fit
this description is Sorillo. The observation that this species was found
throughout the whole plantation and the subplot is an indication that
the regeneration of this species is not directly bound to a certain light
level condition. For this reason the regeneration of this species will
not be discussed in the description of the other planted tree species.
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Overall findings

* The tree species is suitable to grow on the plantation site.

* The tree species is not native for the area and is therefore not
wanted in the future forest. Reason for planting this tree species is
that it is a fast growing commercial tree for wood production.

* From observations in the field can be concluded that the tree at-
tracts squirrels to the area and that it provides a good hiding place for
birds.

* The tree seems to have a positive effect on the establishment of
shade-tolerant species in the plantation area.

* 'The main concerns for the future, when planting this species are the
influence on soil acidity and establishment of seedlings of this species
in the surrounding area. At this moment there are no indications
observed in the field which show these negative influences. Further
research is needed to asses if this can cause problems in the future.

Quercus copeyensis

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

The species shows an average crown diameter. Literature studies
indicate, that this species creates a wide crown with a dense foliage.
In the field different crown characteristics where observed. Due to
slow growth, the tree shows a narrow crown with a dense foliage. The
crown characteristics in the juvenile stage lead to small areas of low
light level conditions under the planted trees.

The actual regeneration monitoring on the Quercus copeyensis shows
a high diversity in tree species regeneration, but average amount of
regeneration quantities. Species that were mostly found under the
Quercus copeyensis are: Sorillo, Ortiga and Quercus copeyensis.

All these regenerated tree species seem to be shade-tolerant species
as mentioned in paragraph 5.5.These findings are in line with the
expectations from the light level conditions provided by the planted
trees. This is an indication that Quercus copeyensis has a positive
influence on the regeneration of shade-tolerant tree species.

Overall findings

*The species shows high mortality rate in the first years after plant-
ing. When the tree survived this initial period, the chance of mortal-
ity decreased drastically.

* Quercus copeyensis was planted because it is one of the dominant
climax species that occurs in the natural cloud forest.

* The tree attracts several seed dispersers into the field. Observation
in the field showed that the trees are used as nesting place of certain
bird species.

* The tree seems to have a positive effect on the establishment of
shade-tolerant species in the plantation area. Also the observation of
established regeneration from its own species under the planted trees
looks promising.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-
nant canopy tree, it will lower light levels under the dominant canopy
drastically. This way it has a positive effect on the establishment of
shade-tolerant cloud forest species on the plantation site.

Ulmus mexicana

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows a large average crown diameter. Literature studies
indicate that this species creates a deep, wide crown with a very dense
foliage. In the field different crown characteristics where observed.
Here the tree shows a wide open crown with an open foliage. The
reason for this is that crown foliage becomes denser after maturing.
'The crown characteristics in juvenile stage observed in the field, lead
to large areas of high light level conditions under the tree crowns.

'The actual regeneration monitoring on the Ulmus mexicana shows
an average diversity in tree species regeneration and average quan-
tities of regeneration. Species that were mostly found under the
Ulmus mexicana are: Sorillo, Erythrina poeppigiana and Inga species.
Erythrina poeppigiana is a pioneer species and needs full sunlight

to grow as mentioned in paragraph 5.5. This finding is in line with
the expectations from the light level conditions provided by the
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planted trees. Inga species was found in large groups under the big-
gest planted trees of this species. These findings are in line with the
expectations from the light level conditions provided by the biggest
planted trees of this species.

Overall findings

* The tree species is suitable to grow on the plantation site.

* Ulmus mexicana is a shade-tolerant species and one of the largest
trees in the natural cloud forest.

* The species does not seem to influence the regeneration of shade-
tolerant species after six years. In the future this tree will create a
dense foliage, which will promote the establishment of shade-toler-
ant species regeneration.

Cytharexylum donnell-smithii

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows an average crown diameter. Literature studies
indicate, that this species creates a wide crown with a dense foliage.
In the field different crown characteristics where observed. Due to
slow growth the tree shows a narrow crown with a dense foliage. The
crown characteristics in the juvenile stage lead to small areas of low
light level conditions under the planted trees.

Cytharexylum donnell-smithii shows an average diversity in tree
species regeneration and low quantities of regeneration. Species that
were mostly found under the Cytharexylum donnell-smithii are: So-
rillo, Guacamalla and Cecropia polyphlebia. Guacamalla and Cecro-
pia polyphlebia are pioneer species and needs full sunlight to grow as
mentioned in paragraph 5.5.This finding is in line with the expecta-
tions from the light level conditions provided by the planted trees.

Opverall findings
* It has a low vitality and mortality rate. Which indicate that the

species is suitable to grow on the plantation site.
* Cytharexylum donnell-smithii is common in cloud forest and

mountain rainforest of central America and for this reason planted.

* The tree attracts several seed dispersers into the field. Observation
in the field showed that the trees are used as nesting place of certain
bird species.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-
nant canopy tree, it will lower light levels under the dominant canopy
drastically. This way it has a positive effect on the establishment of
shade-tolerant cloud forest species on the plantation site.

Cedrela tonduzii

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites. The high mortality rate in the initial stage of the
plantation indicates that it is more effective to plant this tree species
in a later stage of reforestation.

'The species shows an average crown diameter. From literature studies
and the observations in the field can be concluded, that this species
creates an wide crown with an open foliage. The crown characteristics
in the juvenile stage observed in the field, lead to minimal influence
on the light level conditions under the planted trees.

Cedrela tonduzii shows low diversity in tree species regeneration
and low quantities of regeneration. Species that were mostly found
under the Cedrela tonduzii are: Sorillo and Erythrina poeppigiana.
Erythrina poeppigiana is a pioneer species and needs full sunlight to
grow as mentioned in paragraph 5.5.This finding is in line with the
expectations of minimum influence by the planted trees.

Overall findings:

* The species shows high mortality rate in the first years after plant-
ing. When the tree survived this initial period, the chance of mortal-
ity decreased drastically. The tree species is a half shade species and
therefore is its planting effort more eftective when an initial canopy
is already formed on the plantation sites.

* Cedrela tonduzii is common in cloud forest and mountain rainfor-
est of Central America and for this reason planted. Another reason
for planting is that this tree species is a fast growing commercial tree
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tor wood production. Locally also used as fuel wood tree.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-
nant canopy tree and has a crown with a open foliage. It will lower
light levels under the dominant canopy. This way it has a positive
effect on the establishment of half shade-tolerant cloud forest species
on the plantation site.

Persea caerulea

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

This species shows an low to moderate, average crown diameter.
Literature studies indicate, that this species creates a wide crown
with a dense foliage. In the field difterent crown characteristics where
observed. The trees only showed height growth and did not create a
distinct crown in this juvenile stage. The crown characteristics in the
juvenile stage observed in the field, lead to minimal influence on the
light level conditions under the planted trees.

Persea caerulea shows an average diversity in tree species regenera-
tion and high quantities of regeneration. Species that were mostly
found under the Persea caerulea are: Sorillo, Erythrina poeppigiana,
Guacamalla and Unidentified 6. These species are all light demand-
ing species that needs full sunlight to establish as mentioned in para-
graph 5.5.This finding is in line with the expectations of minimum
influence by the planted trees.

Overall findings

* The species shows high mortality rate in the first years after plant-
ing. When the tree survived this initial period, the chance of mortal-
ity decreased drastically.

* Persea caerulea is common in cloud forest and mountain rainforest
of central America and for this reason planted.

* The tree attracts several seed dispersers into the field. It is a com-
mon food source for monkey’s and several birds.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-

nant canopy tree, it will lower light levels under the dominant canopy
drastically. This way it has a positive effect on the establishment of
shade-tolerant cloud forest species on the plantation site.

Tecoma stans

Although these species show an average growth rate , the vitality and
mortality rates do not look promising. Therefore it is not effective to
plant this tree species for the reforestation efforts in the Cloudbridge
reserve.

'The species shows an average crown diameter. Literature studies
indicate, that this species creates an irregular oval crown with moder-
ate to dense foliage. In the field different crown characteristics where
observed. Due to slow growth, the tree shows a narrow crown with

a moderately dense foliage The crown characteristics in the juvenile
stage observed in the field, lead to minimal influence on the light
level conditions under the planted trees.

Tecoma stans shows an average diversity in tree species regeneration
and high quantities of regeneration. Species that were mostly found
under the Tecoma stans are: Inga species, Ceresilla, Unidentified 5
and Unidentified 6.This are all light demanding species and needs
full sunlight to grow as mentioned in paragraph 5.5.This finding is in
line with the expectations from the light level conditions provided by
the planted trees.

Overall findings

* The tree species is unsuitable to plant in the Cloudbridge reserve.
Therefore it is not recommended for the reforestation effort.

* The tree is native to the mountain and cloud forests in Central and
South America. For this reason more research has to be done on the
reasons why this species does not grow well in the plantation site.
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Inga species

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

The species shows an average crown diameter. Literature studies
indicate, that this species creates a wide, flat crown with moderate

to dense foliage. In the field different crown characteristics where
observed. Due to slow growth the tree shows a narrow crown with

a moderately dense foliage. The crown characteristics in the juvenile
stage observed in the field, lead to small areas of moderate light level
conditions under the planted trees.

Inga species shows low diversity in tree species regeneration and low
quantities of regeneration. Species that were mostly found under the
Inga species are: Erythrina poeppigiana, Guacamalla and Unidenti-

fied 5.This are all light demanding species and needs full sunlight to
grow as mentioned in paragraph 5.5.This finding is in line with the

expectations from the light level conditions provided by the planted

trees.

Overall findings

* The tree species is suitable to grow on the plantation site.

* Inga species is common in cloud forest and mountain rainforest of
central America. together with the fact that this species has nitrogen
fixing properties was the reason for planting.

* The tree attracts several seed dispersers into the field. It is a com-
mon food source for monkey’s and several birds.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-
nant canopy tree, it will lower light levels under the dominant canopy
drastically. This way it has a positive effect on the establishment of
shade-tolerant cloud forest species on the plantation site.

Sapium pachystachys
As can be concluded from the paragraph on the growth character-

istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows a low average crown diameter. Information on the
crown growth of this species could not be found. During observation
in the field, the trees only showed height growth and did not create a
distinct crown in this juvenile stage. The crown characteristics in the

juvenile stage observed in the field, lead to minimal influence on the

light level conditions under the planted trees.

Sapium pachystachys shows low diversity in tree species regeneration
and low quantities of regeneration. Species that were mostly found
under the Sapium pachystachys are: Erythrina poeppigiana. This is

a light demanding species and needs full sunlight to grow as men-
tioned in paragraph 5.5.This finding is in line with the expectations
from the light level conditions provided by the planted trees.

Overall findings

* The tree species is suitable to grow on the plantation site.

* Sapium pachystachys is a common pioneer in cloud forest and
mountain rainforest of central America and for this reason planted.
* Information on the crown growth of this species could not be
found. Therefore cannot be assessed what the influence on regenera-
tion will be in a later stage.

Alnus acuminata

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows the largest average crown diameter. From literature
studies and the observations in the field can be concluded, that this
species creates a deep, wide crown with an open foliage. These crown
characteristics lead to large areas of high light level conditions under
the tree crowns.

Under the trees of this species no regeneration was measured during
the regeneration monitoring. Therefore no information is available
on the effect of this species on establishment of regenerating tree
species.
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Overall findings

* The tree species is suitable to grow on the plantation site.

* Alnus acuminata is a common pioneer in cloud forest and for this
reason planted. Another reason for planting is that this tree species is
a fast growing commercial tree for wood production and has nitrogen
fixing properties.

* In the regeneration inventory no regeneration was found under the
trees of this species. This might be caused by the low number of mea-
surements under this tree species. Therefore additional research has
to be conducted in the future to determine if the species can have a
positive influence on the establishment of natural regeneration.

Eugenia jambos

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

The species shows a low to moderate average crown diameter. Lit-
erature studies indicate, that this species creates a wide crown with

a dense foliage. In the field different crown characteristics where
observed. Due to slow growth, the tree shows a narrow crown with a
dense foliage. The crown characteristics in the juvenile stage lead to
small areas of low light level conditions under the planted trees.

Under the trees of this species no regeneration was measured during
the regeneration monitoring. Therefore no information is available
on the effect of this species on establishment of regenerating tree
species.

Overall findings

* The tree species is suitable to grow on the plantation site.

* Eugenia jambos favours sunny conditions and is native to South
east Asia.

* The tree attracts several seed dispersers into the field after maturing.
* The trees of this species are still too small to have a significant effect
on the regeneration. When this species becomes a dominant canopy
tree, it will lower light levels under the dominant canopy drastically.
This way it has a positive effect on the establishment of shade-toler-
ant cloud forest species on the plantation site.

Quercus Seemannii

As can be concluded from the paragraph on the growth character-
istics of the planted trees is this tree species suitable to plant on the
plantation sites.

'The species shows a low average crown diameter. Literature studies
indicate, that this species creates a wide crown with a dense foliage.
In the field different crown characteristics where observed. Due to
slow growth, the tree shows almost no crown. The crown character-
istics in the juvenile stage observed in the field, lead to minimal influ-
ence on the light level conditions under the planted trees.

Under the trees of this species no regeneration was measured during
the regeneration monitoring. Therefore no information is available
on the effect of this species on establishment of regenerating tree
species.

Overall findings

* The tree species is suitable to grow on the plantation site.

* Quercus Seemannii was planted because it is one of the dominant
climax species that occurs in the natural cloud forest.

* The tree attracts several seed dispersers into the field. Observation
in the field showed that the trees are used as nesting place of certain
bird species.

* Most of the trees of this species are still too small to have a signifi-
cant effect on the regeneration. When this species becomes a domi-
nant canopy tree, it will lower light levels under the dominant canopy
drastically. This way it has a positive effect on the establishment of
shade-tolerant cloud forest species on the plantation site.

Diphysa americana

The trees planted of the species Diphysa americana all died in the
first years of the plantation. This indicates that this species is not suit-
able to plant in the initial stage of tree planting.

Literature studies indicate, that this species creates a irregular wide
crown with an open foliage. Observations in the field cannot verify
this, caused by the reason that this tree species does not grow on the
plantation site. Literature studies showed that this species is common
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on flatlands or moderate slopes in tropical dry forests at elevations
of 0 to 800 m (Salas 1993). For this reason the Diphysa americana
seems to be unsuitable to plant in the Cloudbridge reserve.

Under the trees of this species no regeneration was measured during
the regeneration monitoring. Therefore no information is available
on the effect of this species on establishment of regenerating tree
species.

Overall findings

* The species is unsuitable to plant in the Cloudbridge reserve.
* The species is native to the whole of Central America.

*The tree is used as a timber tree and in several countries, the timber
is used as fuel (Mabberley 1997).

Small avocado

The trees planted of the species Small avocado all died in the first
years of the plantation. This indicates that this species is not suitable
to plant in the initial stage of tree planting.

No information about this tree species could be found, this is due to
the fact that this species is not identified yet. Further research on this
species is needed, before anything can be concluded about its suit-
ability and its influence on natural regeneration.

6

This study investigated if planting of trees can promote the seed rain
and the establishment of natural regeneration on abandoned pastures
in the Cloudbridge reserve and when this is the case, which tree
species are most effective in this respect and thus recommended for
planting. Literature studies on natural regeneration in a virgin cloud
forest showed that the most important event in the tree regeneration
process within a virgin cloud forest is when an opening of the canopy
occurs. Further came forward that the size of gaps in closed forests
determines the type of trees recruited in the gaps. Small gaps coupled
with advance regeneration of shade-tolerant species would favour

the “reorganization” response while seed colonization of large gaps by

Conclusions

shade-intolerant species would define the other extreme 93. From
this observation researchers have tried to divide gap colonization by
trees into two contrasting ecologic groups: those termed climax or
primary species (non-pioneer) and pioneer species 94. Tree recruit-
ment is often more dependent on micro-site quality, which may
override the effect of standing tree basal area, gap size, and resource
gradients in gaps 95.

Several studies on regeneration have shown that, once pastureland is
abandoned, native species seedling recruitment is poor 96. Natural
regeneration of tropical forest vegetation in abandoned pasture is
limited at all early-successional stages: colonization, establishment,
growth, and survival. Lack of seed availability appears to be the over-
riding factor limiting forest recovery in tropical pastures. Not only is
dispersal of forest seeds into open areas minimal, the few seeds that
do arrive are commonly subjected to high rates of predation 97. If
barriers to seed dispersal are overcome, a number of interrelated fac-
tors may influence seed germination, as well as seedling growth and
survival. These factors include lack of micro-climates, water avail-
ability, soil and nutrient properties and competition with established
grasses/weeds.

After these mayor barriers were identified, a literature study indicated
on how to overcome these major barriers for restoring rainforest in
abandoned pastures. One of the most important human interven-
tions that came forward is the establishment of remnant trees in the
degraded pasture lands. These trees are able to serve as a source for
seeds and enhance animal dispersal of seeds. Further they ameliorate
high light levels, modify the energy budget of other species under the
canopy, and often increase soil nutrients. Species-specific differences
in the ability to tolerate the high light environment of open pastures
may be an important consideration in choosing pioneer species for
reforestation. However the kind of fruits the trees are bearing is
almost as important, because they promote the attraction of seed
dispersers.

To test the assumption that tree planting promotes the establishment
of natural regeneration a regeneration monitoring was conducted.
'The most significant difference in regeneration found between the
two research areas is the species composition of the regenerating trees
and the frequency of regenerating species. Under the planted trees a
mixture of pioneer and climax species was found, while in the subplot
that was left to recover naturally only pioneer specialists were estab-
lished. The finding of this difference in tree regeneration composition
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is a sign that tree planting on an abandoned pasture land can pro-
mote the range of tree species that can establish. The return of climax
species seems to accelerate the recovery process towards the original
Cloud forest. The observation of several dispersing animals in the
plantation is also a sign that planting of trees favours the recovery
process. But it is still unclear if the method of planting trees actually
accelerates the recovery process towards the original cloud forest in
the long term.

After assessing the different planted tree species, Cupressus lusitanica
and Quercus copeyensis came forward as the most promising species
to promote natural regeneration at this stage. This because under
these species established the most diverse regeneration, further were
this the only planted trees species under which shade-tolerant regen-
eration established. Ulmus mexicana looks promising for the future
because it showed considerable growth, and has already a large wide
crown with an open foliage. In the near future the trees will create

a more dense foliage, leading to a change in light level conditions
found under the tree. The high light level conditions under the trees
will change in low light level conditions in which shade-tolerant
species can establish. Most other planted species were still too small
to have a significant effect on the regeneration and their effectiveness
has to be determined in a later stage. The research showed further
that Diphysa americana and Small avocado are unsuitable to plant in
the research area. This because all of these planted trees died in the
first years.

From literature study and observations in the field several additional
characteristics of the planted tree species came forward. The species
Alnus acuminate and Inga sp. have the ability to increase nitrogen
levels in the soil. These trees show significant growth in the planta-
tion area and are therefore able to increase nitrogen availability in the
soil of the plantation area. Other planted tree species seem to have

a significant influence on the attraction of seed dispersers. Litera-
ture study indicates that Eugenia jambos, Inga sp., Persea caerulea,
Quercus copeyensis, Quercus seemannii and Cytharexylum don-
nell-smithii have the ability to attract seed dispersers into the area.
Observations in the field showed that Quercus copeyensis, Quercus
seemannii and Cytharexylum donnell-smithii already attract small
birds that nest in the plantation site and that Cupressus lusitanica
attracts squirrels, which are vital for the dispersal of acorns.
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7

'The goal of this research was to investigate if planting of trees can
promote the seed rain and the establishment of natural regeneration
on abandoned pastures in the Cloudbridge Reserve and when this is
the case, which tree species are most effective in this respect and thus
recommended for planting. There seems to be a positive impact of
planting trees to promote the establishment of natural regeneration
on abandoned pastures in the Cloudbridge reserve. Especially the
provided light level conditions by the planted trees seemed to have

a significant influence on the diversity of the establishing natural
regeneration. However this research did not determine how the
individual barriers to natural regeneration were promoted individu-
ally by the trees, but only determined the actual influence on the
establishment of natural regeneration by the human intervention of
tree planting as a whole. For this reason additional research is needed
to determine, the influence of the intervention on the individual bar-
riers. Possible research questions for this additional research are: Is it
the ability of the trees to attract seed dispersers into the area, which
promoted the establishment of natural regeneration, or are it the light
level conditions created by the trees which leaded to more establish-
ment? And does planting of nitrogen fixing trees has a significant
influence on the forest recovery? This are all interesting questions for
a further research.

Discussion

From this research came forward that the Cupressus lusitanica and
Quercus copeyensis are the most promising species to promote
natural regeneration at this stage. This because under these species
established the most diverse regeneration, further were this the only
planted tree species under which shade-tolerant regeneration estab-
lished. The fact that the Cupressus lusitanica is not native for the
area is the reason that this species is not wanted in the future forest.
Therefore main concerns for the future when planting this species
are; the influence on soil acidity and establishment of seedlings of
this species in the surrounding area. At this moment there are no
indications observed in the field which show these negative influ-
ences. Further research is needed to asses if this can cause problems
in the future.

From literature study and observations in the field several additional
characteristics of the planted tree species came forward. Like the in-
fluence of several tree species that seem to have the ability to attract
seed dispersers and species that have the ability to increase nitrogen
levels in the soil. What the eftect on forest recovery is of this abilities
in the future is not sure, further research on this additional charac-
teristics should be investigated. Or a research on the influence of this
additional characteristics should be conducted when the planted trees
are grown bigger.

Also tried this research to determine under which light level condi-
tions the different regenerated tree species established and which
light level conditions were provided by the different planted tree spe-
cies. This to analyse if these provided conditions are related with the
establishment of the different natural regenerated species. The condi-
tions provided by the planted tree species are determined through
analyses of the average crown diameter created by the individual
planted tree species after six year. This information is combined with
the crown characteristics of the different planted tree species that
were determined through observations in the field and literature
studies. This gave a good impression on the actual light level condi-
tions provided by the individual planted tree species. But it would be
much better if there was a fish eye lens for a photo camera available
to measure the exact light passing true the canopy of the different
planted trees. The reason why this lens is not used for this study was
because there was not enough money available.
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