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ABSTRACT

This report ighe output of a Bachelothesis studyon the regeneration of three important tingy
species in the forest of BajParagua in BolivialThe studyis comprisel of research on existing
literature with three separate field studies, performed in therest Management Unit (FMWUpld by
CNMA ltda.The study was conducted in ordar improve theunderstanding of the regeneration
processe®f three important timber speciewhich are crucial for sustainable forest management.
This studyfocuses orthree commercial higlvalue timber speciesCuta Apuleia leiocarpg Roble
(Amburana cearengisand PaquiéHymenaea courbajilThe findings of tis study can be used to
adapt andmplement new silvicultural treatments.

Regeneration of commercial tree species is of central importance to forest managéoeatntain
sustainablgimber yields (Schulze, 2008)n the polycyclic harvesting systems adapted in Bolivia, the
second harvesf20¢35 yeas after the firsj will includetrees already present in the stand at the time

of the initial harvest. An analysis in form of a study of the Future Crop Trees (FCTSs) of this already
existing treecomposition is presented in section 1 of this repdftith a sufficient abundance of
FCTs, timber production can remain constant over the short ter8 ¢&tting cycles). However,
recovery of commercial populations through successful regeneration is critical to sustained
production in successive harvest cycléSchulze, 2008)Scarcity of both advanced and new
commercial tree regeneration has been noted in many selectively logged forests in Bolivia. A
regeneration study implemented by the company CINMA also shows the lack of sufficient
regeneration of number of highly valuable and important timber species in their @ituna, 2014)

(see ANNEX)1To tackle this problem the company has started to implement enrichment plantings
on a trial basis in their FMWBedlings have been planted on landings, gkals, in undisturbed
forest and in forest which had suffered from forest firgs Section 2 of this study, these plantations
are evaluated in order to determine their efficiency and to make recommendationgéofuture.
Enrichment planting might be appropriate in areas were natural regeneration is extremely low.
However, costs seem to be too high to implement this silvicultural treatment as a standard
procedure in Natural forest management in BolivigPariona, et al., 2000)Schulze, 2008)
Alternatively, already existing regeneration of commercial timber species can be increased and
supported by liberation treatments. Much of the regeneration of trées forest which is managed

by selective logging activities will be recruited in logging dBegzaz, 1991A study, presented in
Section 3 of this report was conducted in order to determine whether enough natural regesrerati

of commercial timber species is present in logging gaps anetrsilisl to justify the implementation

of liberation treatments in the future.

Thestudy shove that not for all three studied species enough FCTs are present to secure constant
harvesting yields in the coming cuttietycles.FCT of the species Cuta which were big enough to be
harvested in the coming cuttingycle showed a lower abundance per heetéinan the harvested
trees in 2014The enrichmenplantingsperformed kest on landings, whereas in the forest which had
suffered from forest firesplantations were not very successful.The study of the regeneration in
logging gaps and skidails resuled in the recognition that it depends very much on the forest type if
liberation treatments are applicable or not. Of the species Cuta Baduig enough natural
regeneration for liberation treatments could be shown in at least one forest type. Roblecoutitier

hand showedtoo little regenerationin the study site to justify the application of liberation
treatments. For this species and in areas with missing regeneration of other commercial tree species,
enrichment plantings seem to be the only form tocaee enough regeneration for future timber
extraction.
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1 INTRODUCTION

Regeneration of commercially valuable trees species is crucial to the successfuttdong
management of humid tropical fores{Rariona, et al., 2002jPark.et al., 2005) Only with adequate

tree regeneration a sustainable wood production can be guaranteed. In managed tropical forests in
Bolivia, commercial tree regeneration is generally spéFsedericksen, et al., 200ZFredericksen,

et al., 2000)(Pariona, et al., 2002Park, et al., 2005)The rarity of high value commercial trees and
speciesspecific environmental associationasfify basing silviculture on the environmental
requirements of individual species or species guiRiEiona, et al., 2002)

2 LUTERATUHREEVIEW

2.1 NATURAEORESMANAGEMENT

There are many factors involved in the sustainabilifyfarest management; one of the most
important is probably the natural regeneration to ensure continuity of forest ecology. The success of
natural regeneration is considered key to sustainable management of tropical forestsingriser
replacement of harestedtreeshas been a constant concern to ecologists and foresters in order to
maintain the structure and composition of forest{®into, et al., 2011)(Fredericksen, et al., 2001)
Natural regeneation is the set of advanced regeneration, it is considered as the set of processes by
which the forest is restored by natural meafiollet, 1971)The term natural regeneration may refer

to a process of natural replacementtoees. This process may be defined as the replacement of a set
of trees that have reached their mature stagersw onegMartinez, 1994)

Foresters must understand the entire life cycle of a tree, beginning witlei®duction, whether it
happens by seed dispersion, sprouts, or a combination of both. It will be necessary to understand the
rate of seed predation, germination and seedling survival in different conditions as well as the
probability by which sprouts Willater form commercidy suitabletrunks. In generalfor all tree
speciessurvival ratesncrease exponentially with size. It is not necessary to maintain all living trees
in the forest, but rather only trees that can occupy the space available fortlyrvedericksen, et

al., 2001)

In generalthe diameter distributionof all tree individualsof a forest correspond to an inverted-J
shape which meanghat there aremore individualsin the smaller categorieshan in the major

categoriegMostacedo, et al., 2003However, wheran analysis ofliameterdistributionis made for
each species, thdistribution changesthe shade tolerantspecies tend tshowan inverted Jshape
while thedistribution ofshadeintolerantis bell-shaped("normal" curve).(Pinto, et al., 2011)

A number ofstudies have shown thah Bolivian managed forests, many commercial tepecies
suffer from regeneration failuregMostacedo, et al., 1990These applies especiatly forests where
harvesting has been extremely selective, mostly confined to ahigtv valuetimber speciesLittle is
known about the specific mechanisms that cause the failure of regeneration. Many native sgrecies
affected differently, whichindicates that to solve the problemf regenerationwe must treateach
speciesseparately(Mogacedo, et al., 2000)Regenerationsuccess camalsovary from one site to
another. According to Mostacedo and Frederick¢2000) the main causes of these problems in
Bolivia are:




Irregular or poor seed production

High rates of seed predation germination deficiency

Attack of herbivores, pathogens or other diseases after germination
Lack of large clearings with high light availab{fity pioneer species)
Excessive competition vines or other weeds regardless of gap size
Slow natural growth ratef most hardwoodimber species

Lack of mineral soils for the establishment of seedlings
Overexploitation

= =4 =4 4 =4 -8 -8 -4

The causes of regeneration failure can % specific andiependent on the ecology of a certain
species A species can fail to produce enougigrowth if seed production isrregular orlow or if

seeds or seedlings are heavily attacked by herbivores (see also cHadteBite specific causes can

be natural or result from a certain management system. Overexploitatiospecies rich tropical
forests can rapidly lead to the absence of sufficient trees for seed dispersion and result in the
disappearance of a species in a certain area. Some species rely on a specific envifonrtieit
regenerationwhich might not be given through selective hasting systemsLogging gaps might
provide an adequate environment for one species but not favour the regeneration processes of
another. Natural regeneration in gaps created by harvestingeserallylow, despite the high levels

of light penetration Poor regenerationrates are in part due to soil compaction but to a large extent
because upo 50 percent of thevegetative cover consists of vinéShortly after the creation of a
logging gapvines rapidly colonize these environments characterized by higimasity. They are
using branches of fallen trees as support and eliminate the sunlight received by seedlings growing in
the disturbed soil. When aiming for sustaable selective harvesting, tHearvested trees need to be
replaced by valuable species the gaps created by this practicéredericksen, et al.,, 1998)
Therefore it might be necessary tdiberate commercial regeneration arontrol noncommercial
regeneration, by cutting or girdling ttavour the succession of commercial species in canopy gaps
(Fredericksen, et al., 20Q0yhe size of the opening and the light availability do not only affect the
plant establishment but also the survival rate and growth of saplihgssummary establishing
regeneration depends on the duration and quantity of light, and the distribution system and seed
dispersalEspinoza, 1991)

For a good natural regeneration seeds need be exposed tothe appropriate forest
microenvironments. These differ in their light conditions, soil compaction and the presence of
seedling. Through harvesting activities a number of microenvironmentslékeings and skitrail

are createdPinto, et al., 201). These might be of high importance for the regeneration of some tree
species.

Thereis little literature on the ecology of tree species regeneration in Bolivia. Pinto et al. (2011)
assume that for daargeamount of commercial species, regeneratigrinadequate. There are serious
problems in the regeneration of valuable species which need large openings and control of
competing vegetatiorfPinto, et al., 2011)

Fredericksen et al. (1998) have observed that the regearmereaof commercial tree species after
harvest is poor becausé depends on thdight and disturbance levelhat individual trees do not

provide.Low regeneration of commercial species in logging gapssaltingin the rise of a group of

different, lessknown species.

Different approaches are being suggested in order to support the regeneration of commercial timber
species. It is possibléo rely onand supportnatural regeneration or to enrich the regeneratity




planting saplings. In many cases thepport of natural regeneration is more efficient and cost
effective. Nonetheless it requires the presence of sufficient regeneratibrthe required tree
species.

In 2009CINMAItda. has carried out an inventory of the whole FMU. The results from thissfor
inventory show that some important timber species show a very scares natural regeneration (see
ANNEXL). According to the results of the Forest inventory none of the three species of this study,
Cuta, Paqui6 and Roble are regenerating well in the FBAlih has been identified to have a regular
amount of regeneration whereas Roble and Paquié were reported to have very scarce regeneration.
With an average of only 2.4 individual trees per hectare with and DBH smatter, #aquié showed

the lowest regenaation of all commercily interesting tree species in FMU. The results for Roble
showed an average dbur individuals per hectare but a total absence of regeneration of trees
smaller tharten meters in height.

2.2 SLVICULTURAL TREAYME

Silviculture, themain discipline of natural forest managemedescribeghe cultivation of the forest

(sivaYS | yAy 3 & el st & Alyy@AR a Q@inthek, étlalj 2021yS#visulture is the

practice of controlling the establishment ofatural regeneration, tree growth, forest composition

and how to reduce the impact the utilizatigRinto, et al., 2011)Through silvicultue we create and

maintain a kind of forest whicbhestfulfils present and future human nee@&inther, et al., 2011)n

his book Silviculture in the Tropjdsamprecht (1986PA 1 S& [ SA0dzy R3dziyY a¢ 2RI &%
the forest as ecosystenit aims at regulating all life processes in an ecologically stable forest and
organizing its establishment and regeneration in a way that all needs related to forests are fulfilled
0Said LRaaAoftS FyR adzadl Ayl of &3 Sikichifid thereforelalsoLIS NI | y
has the objective of balancirmpth culture and nature.

Asilvicultural system is a sequence of silvicultural treatments performed to obtain a desitesine

for an entirecutting cycle or rotation. Silvicultural treatmentsahd be based on the knowledge
aboutthe forest specieqMelgarejo, et al., 20035 foresters do not understand the requirements for
regeneration of timber species or the conditions under which they reach their optimal grakeh
success ofheir silvicultural systems for these specieannot be guaranteedThe more forestry
professionalsgain a better understanding of forest ecologhe greater is the efficiency and the
profitability of forest production and the lower is the damage from forest management operations
(Fredericksen, et al., 2001)

Additionally; it is necessary to consider the phenologytrees for silvicultural decisiemaking. The
knowledge about the phenology is required when determining the most appropriate time for
harvesting and when establishing tlanount and location of seed trees which are excluded from
harvesting(Fredericksen, et al., 20Q1n the case of species with regeneration difficulties, such as
mahogany, it would be advisable to harvest these species after fructificg@inavedo, 1986)

Logging itself can be cadsred a silvicultural treatment because it reduces the basal area and
provides light in theunderstory For loggingto be considered an actual treatment it should be
accompanied by other treatments such as careful planning of extraction, marking of tubpérees

and directional fellingPinto, et al., 2011)It is usually necessary to appigditional silvicultural
treatments apart from harvesting to increase the availability of light or create suitable microsites for
regereration of ®veral valuable speciefQuevedo (2006) points out that planned harvesting
accompanied with silvicultural treatments can promote natural regeneration recruitment for most
species. This does not necessarily mean that the regeneration willapeugb harvestable trees.
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Therefore it is likely that post harvesting treatments are requir® ensure that a certain number of
seedlings and saplings become large trees. Otherwise, the sustainabdé thee forestcould be at
risk.(Pinto, et al., 2011)

Silvicultural treatments are generally performed to improve yields of commercially valuable tree
species by increasing their recruitment and growth rai@efaClaros, et al., 2008)Several
silvicultural interventions which have been implemented in sustainable forest management schemes
are focushg mainly on maintaining forest structure and protecting ecological functions (e.g., soll
productivity and nutrient retention) througlzontrols on harvesting practices. 2 a ldest prracticé
examples ofn tropical forest management to date have relied almost exclusively on redigpact
logging (RILIf isan operational system designed to minimize damage to the residual sRost
harvest silviculture on the other hand,is not applied at a commercial sca{€chulze, 2008)
Especiallyriterventions which focus on securing the regeneration rezbtbr future harvests are rare
(PenaClaos, et al., 2008)Nonetheless, ensuring sufficient regeneration of commeisciadlluable

tree species is a reat topic in the sustainable management of tropical lowland fofdsbstacedo,

et al.,, 1990) Gunther 011)calls for investigation in methods to apply speesgpecific assisted
regeneration to improve forest stanfiguality and longierm productivity.

Actually, the application of specispecific regeneration methods would be necessary to
guarantee real sustaability for most of the highly valued tree species; however, the
enrichment and subsequent management of loggedr stands with natural, highly valued
species is, due to shaerm perspectives and costs, not an option for the majority of forest
concessinaires since forest law does not obligate them to do so. In contrast, the
concessionaires rely on natural regeneration and the concept of seed trees. The result
obtained from this laissez fairmanagement is that the focus is even more on selective
logging with all its collateral effects of high fix costs and extreme impacts on the residual
stand.(Gunther, et al., 2011, page 58)

2.3 FOREST MANAGEMENBOLIVIA

It is estimated that about half of Bolivia is covered by natural forests. Of thi$ aotarea of4l
million hectaresis classifiedas permanent production forest§Vithin this areahere is a potential of
at least 28 million hectares for sustainable forest management actsatysidered compatible with
environmental conservation processé@uevedo, et al., n.d.)

In recent yearsthe Bolivian forestry lawhas democratizedhe accessto forests and enabled
significant progressowards sustainable managemenwith the implementation of the Foredtaw
1700, adoptedin July1996 a variety of users gained access to forest user right). RS NJ . 2t A DA |
former forest law the use offorest for commercial purpose was virtually monopolized by large
logging firms. Today, in addition to timber companies, indigenous people, local conesyu@nd
landowners have the right to access productive forestBolivia, almost all natural forest belongs to
the government; in accordance with tHerestry law the government grants commercial harvesting
rights to different user groups (sd@ble 1).All groups are required to have a forest management
plan that is approved by thiorest and land authority (Autoridad de Fiscalizacion y Control Social de
Bosque y Tierra, ABT)ogging companies which have contracts with the government for 40sye
and have to get renewedvery five years after a technical audftthe operation is certified for SFM
(such as FSC), it does not need to pass a government auditcamiact renewal occurs

11n 2009 the ABT replaced the former SuperintendeRoistal (SF) instition created by Forestry Laiir00.
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automatically.With atleast 28million hectaresavailable fo sustainable forest managemeriplivia
to datehas 8.5million hectaresunder management plangQuevedo, et al., n.d.)

TABLEL: NUMBER AND AREA OFSEXNG FOREST RIGBNEI12010(>200HA)

Nr. of Area

Type ofperson PGMF (ha)
Forest concessions on public lands to companies 51 3880744
Indigenous community (TCO) or indigenous people 83 1420162
Private property 261 1441809
Farming community 108 804278
Local Social Groups (Agrupaciones Socialdsudglr, ASL) 20 473155
Forest harvesting contract on public lands 2 225400
Forest concessions on public lands for research 3 262367
TOTAL 528 8507915

Data source(Quevedo, et al., n.d.)

To authorize legal logging, the ABT must approve the General Forest Management Plans (PGMF)
where the strategy and forest management activities are presented. The PGMF has to deal with
cutting cycles, minimum cutting dameters (MCD) logging compartments Area Anual de
AprovechamientoAAA, seed trees, harvestable volume, silvicultural plan, monitoring and improving
practices based on the results of monitoring, management of conservation areas, protection of
wildlife and rare or endangered species and athgpical activities of a management plé@Quevedo,

etal, n.d.)

In Boliviathe annual allowable cut is not based on a fixed volume petdrebut on the amount of
harvestable trees found in a given annual logging compartm@mA) Harvestable trees are
inventoried, measured and marked for harvest in each annual logging compartment, following the
rule that 20 percent of the harvestable trees of every commercial speaes left as seed tres
Forest managers use this invernyoto prepare an annual operational plaRl&n Operativo Anual
Forestal, POAF) that indicates the estimated harvestable volume to be harvested in the following
year. The inventory is also used for other aspects related to forest management, such as &aborat
of (logging) maps. The operational plan is revised and approved biBf¢hat grants, regulates,

and controls harvesting righ{®efaClaros, et al., 2011)

The Bolivian Forestry Law and its technical regulations reqtliee application of several
management practices. These management practices need to be followed in all areas umder fo
management larger than 200 hectaresggardless of ownership. The management practices required
are

A general forest management plarGMF);

A forest inventory to develop the PGMF;

Designation of protected areas within the forest management area;

Identification and protection of keystone tree species and important areas for wildlife, such
as roosting areas, salt licks, and caves;

9 Division of the forest management area into logging compartments and annual harvesting
areas, requiring the use of a minimum cutting cycle of 20 years;

=A =4 =4 =4
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9 Protection of species with low abundances (less than 0.25 trees with a diameter of > 20 cm
per hectareg;

1 A census of commercially harvestable species. The census is the basis for preparing the
annual operational forestry plan, which is required to obtain permits for transporting timber.
The operational plan includes field maps used to locate harvestabds,tieed trees, land
characteristics (slopes, water bodies), and roads to be opened;

1 The use oMCD forcommercial species. The MDC is defined in the regulations and is specific
for species and ecoregions (in the study area MCD is 50cm for all species);

1 Reention of 20percentof merchantable trees as seed trees;

1 Annual reports of harvesting activities;

9 Establishment of permanent plots to monitor and evaluate the impact of timber harvesting
in the forest;

1 Plans for wood provision, procurement and processiogly applicable when the forest
manager owns a sawmill).

(PenaClaros, et al., 2011)

The above management practices, especially the census, the cutting cycle and the determination of
the AAA were important advances in thetial phase of the Bolivian forestry model. Unfortunately

no increase of the quality of management has been obserVedlate, nissing in this process are the
silvicultural treatments and effective monitoring. As a result, despiterdeent advances in Bivia,

no silvicultural system existthat had been developed for a forest management operation.
(Quevedo, et al., n.d.)

The current forest legislation in Bolivia sees the need to implement silvicultural treatments only to a
very low extendQuevedo, et al., n.d.Articles 1 and 2 of the Forest Act 1700 determined that forest
management must be stanable and Article 9 establishes the precautionary principldonest
management. Article 6@aragraph Il b of the Regulation of the Forestry Law (DS 24453) and the
Technical Standards refer to the monitoring of the forests to assess their status, hgrowt
performance and implementation of silvicultural treatmenf€INMA, 2012)

Forestry in Bolivia has often been restricted to use, only governed by MCD ahdpesting liana
cutting. Few legal forest users in the counaéme applying silvicultural treatments and monitoring of
the forest growth. Permanent sample plots (PSPs) have not been implementeddatity by most
companies,resulting that knowledge of how the forest response to harvesting practices is still
uncertain. However according t@into, et al. (2011)he following silvicultural treatments are being
applied in Bolivia:

1 Preharvest lianacutting

Marking of future crop trees

Liana cutting of future crop trees

Reduced impact logging (directional felling amahtrolled log extraction).
Enrichment planting

Soil scarification in landings

= =4 =4 4 4

Liana cutting:The cutting of lianas is possibly the cheapest and the most applied treatment in Bolivia.
Because it is usually done during the census, costs are relative(fPiote, et al., 2011)The purpose
of this treatment is to reduce impact on the remaining forest stand.

Marking of future crop treesThis treatment is gradually being adopted by forest operators in Bolivia
and providingpositive results. The general objective of the demarcation of FCTs psetent or
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reduce damageduring extractionon individuals withcommercialvalue (Pinto, et al., 2011)The
collecied data allows the analysis about volume, abundance and quality of trees for future harvesting
activities. During all logging activities damage to these trees has to be avoided. In some cases FCT
are later additionally the target of liberation measurements.

Liberation: Liberation separates young trees from the competition of other tree species with lower
commercial valugHutchinson, 1995)This treatment isasimingto remove shadingvegetation that
prevents regeneration or futurerop trees. Liberation is algeerformed when a dense tree cover
creates competition for space and nutrienflsouman, et al., 2001).iberationcan be done if the
desirable plants aréocated under a closed canopy or in clearings. For the emergence of desirable
seedlings in clearings after harvesting, liberation is essential to reduce death, improve quality and
accelerate theregrowth of commercial species and thus ensure future extractions and forest
sustainability(Pariona, et al., 2000)Jn some cases, regeneration is overpowered by the competing
vegetation which may stop the growth or even kill the seedlings if liberatieatitnents are not

being appliedPariona et al(2002)suggestapplyingliberation treatments at the beginning rather
than the end of the rainy season to increase the response to treatments by releasing saplings at the
beginning of optimal growth conditions. Thauthors also emphasize the advantage ofanual
liberation treatments compared to those using herbicidEsrestareasmanaged through mmanual
treatments performed well and were found to be less costly.

Despite the urgency to include liberation methods in forest management systems, until to@éay for
operators in Bolivia are only practicing these methods on a tridsbas

Soil treatments Soil treatments are not very common in the management of tropical forests. There
are two exceptions: soil disturbance and controlled burnings. Soil disturbatioe ciheapest way to
remove the substrate by the use of skidder to expose the mineral soil during forest harvesting. It
mostly takes place in clearings where a tree hasently been removed. A study conducted in a
Bolivian tropical forest shows that commogal tree regeneration density tends to be greater in
scarified areas than in unscarified areas within logging ¢Bpmdericksen, et al., 20Q2¢ontrolled
burning hathe purpose to expose minerabilfor seed germinationHowever,controlled burning is

very difficult to perform in log landings in a closed foremtd negative consequences of
mismanagement can be severe.

Enrichment with seedlings and direcbwing: Studies of natural regeneration in Bolivia indicate that
without silvicultural intervention, succession in logging gaps may not result in establishment and
recruitment rates adequate for sustained timber production many tree speciegSchulze, 2008A
commonly proposed solution tsolve this problem is to plant seeds or seedlings in lines or blocks in
the forest. Enrichment planting is commonly used for enhancing the density of desired tree species in
secondary forests as well as in primary for@enaClares, 2001) With enrichment plantations the
composition of regeneration is influenced by planting valuable species produced in nurseries or
collected from other sites in the forest. This treatment has been used in several couwiines for

a sustainéle production through the principle of planting trees to replace those thakeleen cut.
However, one of the problems in the past was that the loggers planted saplings in the forest only to
comply withnational quotas but had no system in place to emstlreir later surviva{Louman, et al.,
2001) According toFredericksen, et al. (200@yost of the plantations have failed due to lack of
weed control after planting, assuming that the plated seedlings would survive withathefu
support. Weed control is required for several years ensure the survival of most of the planted trees.
Schulze (2008) suggests annual tending during thetfirseyears. After this point, planted juveniles

may be able to maintain dominant positionstlnout tending, or regular, but less frequent, tending
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may be necessary to maintain high growth rates (e.g. evety years)Enrichment plantings often
thought to be costly.Nevertheless,in comparison with traditional lin@lanting, gap enrichment
planting it appearsto berelatively inexpensivgSchulze, 2008)

Forest Certification

Boliviahas come into thespotlight ofinternational forest managementdue to its rapid growth of
forest certification arrivingat 2.2 million hectares ofcertified forest in 2007;which at this timeput
Boliviaasthe leading countryorldwide for the certification ofnatural tropical forestsNinety seven
percent of the certified forestsurface corresponded to concessions, reflecting technical and
financial capacity tpassthe process of forestertification (Quevedo, et al., n.d.JQuevedo, 2004)
Market advantages motivated the private sector to penetrate decisively and quickly in the forest
certification process However,to date, due to multiple factorsincludingthe lack of legakecurity

and newpolicies that haveliscouraged privatéorestry, the certified areahasdeclinedsteadily,with
900,000ha inJune 2013(Quevedo, et al., n.d.)

Forest certificatioris avoluntary andndependentprocessof verificationby qualifiedspecialists. The
authorizedmanagement plan is punto relationwith ecological sustainabilifyeconomic viability and
socialbenefits. Bolivia hadollowed the systemof the ForestStewardship CounciFSC), which has
international principles andcriteria in addition to national standard. In the socialfield, the
certification generatesemployment opportunitiesand training enforcementof security norms and
provision of adequate safetgquipment, respect forworkers' rights better salarylevels and fair
wages, health insurance foiworkers and theirfamily, among others.For the company orthe
community, the certification allows them to be recognked as responsibleproducers From an
environmental point of viewforest certification leads to the preservation fifrestry potential and
biodiversity It maintainsecological functions of théorest, protects the flora, the fauna andtheir
habitat as well asvater and soil resources Certified companies can establifingterm businesss
and often obtain better prices It promotes their accessto new markets and enablesthe
incorporation ofnew species and product® markets. Forest certificationin Boliviahas allowed
certified operationsto benefit from internationalmarkets and raiseits institutional profile. At the
field leve| these operations show a good quality offorest management KS&alled "good
managemernt) that is environmentally appropriate socially beneficial and economically viable.
(Quevedo, et al., n.d.)

What makescertificationattractive is that it effectivelyincorporatessustainability elementsome of
whichare not consideredby the nationallaws regulations.These elementécludethe identification
and management oforests of highconservation valuethe application ofilviculturaltreatments

low-impact loggingthe monitoring of responsedo forest harvesting fiatural regenerationdamage
to vegetation wildlife, among other$, strict ban on hunting conservationof valuable habitats
protection of wetlands, rivers andstreams,improving comwlitions for workers (safety equipment,
food, accommodation, salaryhealth care,and others), good cooperation with neighbouring
communitiesandeconomic viabilityf the management plar{Quevedo, et al., n.d.)

Forest certificationhas beenproven to be an effective tool to improve forest management and
increase social living standard&/hile there argositivedevelopments in forest management quality
improvementsstill need to be made with the application of\scultural treatments and monitoring
of regeneration and forest developmentQurrent management systems are missing the
implementation of postharvest treatments(Quevedo, et al., n.d.)
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3 OBJECTIVE

The study was conducted in order tget to a better understanding of the regeneration of three
important timber species in théorest managementunit of CINMA.The study is analysing different
states of forestegenerationandis dealing with natural regenetian as well as atrtificial regeneration
(enrichment plantings)The objective of this study wés find solutions of how GIMA can guarantee
sufficient regeneration of the three commercially important timber species CuA@\(leia leiocarpp
Roble Amburara cearensis and Paquido Hymenaea courbaiilin its FMU.The following research
guestions were addressed in order to achieve the above mentioned objective:

1. Arethe three tree species Cuta, Roble and Paqui6 suffilsigapresented byruture Grop Trees
(FCTto secure a sustainable use in thearfuture?

2. How successfuls the enrichment planting on landings, dkiails, in undisturbed forest anah
forest which has suffered from forest fires?

3. Is the regeneratiorof commercialtimber species, in particulanf Cuta, Roble and Paquiih
logging gapsand skidtrails sufficient tojustify liberationof naturalregeneration as a silvicultural
treatment?
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4 METHODOLOGY

4.1 STuUDY SITE

The study was realized in tlMUhold by the timber company SINMila. TheFMU compriseswvo
concession whichare managed as one unit. The foréstituated in thenorth-astern part of the
department Santa Cruz in lowlands of Boliysee figure 1) On site logs are sawmilled and
transported to clients throughout Bolivia butaimly to its processing plant in La Paz (Dekma Bolivia
S.A)). The sawill is a closed site and is located next to EidU.

HGUREL: LOCATION OF TIHEREST CONEHON INBOLIVIADATA SOURCEEADM
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The total area othe FMU is119200 haThe company has set aside 868& (7.3%) foronservation
and3340(2.80%) as protected area, leavib@7162ha (89.90%for timber production (Cinma, 2014)

The tropical forests ofhe region of BajoParaguéwere the FMU is situated the transition zone
betweenthe Chiquitano dry forest andhe Amazon fores{see fgure 2)(Villegas, et al., 2008 his
region is dominated by a continuous forest which includesoanbination of species fronthe
Amazon region and the Chiquitamegion. The forests of Bajo Paragua have a higher diversity than
the Chiquitano dry forests but a lower diversity than thmaxon forestThe vegetation in the study
site can be classified as a seasonally dry humid tropical fdrestforest in thdhumid Amazon region
north of the study sitds characterized by high forest, whereas tBkiquitano forest in the soutls
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dominated by smaller trees and grasses. There are species in the transitional zone which are unique
to this region. The emergent trees in this region reach a height of 25 to 30 mé&terdorests of Bajo
Paragudare similarin structure tothe Amazon forestsbut have a lowerbasalarea anddensity of
palms,and increasediana infestation(Villegas, et al., 2008 this forest the most common families
of tree species are Leguminosae, Palmae, Euphorbiaceae, Moracera, Anacardizaleaesae,
Lauraceae and Apocynaceae. Thest common tree species include Verdolag®eKminalia
amazonica) Serebo(Schizolobium amazonicunAmargo(Simarouba amara)Mururé, Batocarpus
amazonicus) Cambara Krisma uncinatum) Cambara MachoQualea paraensi3y, Cuta Apuleia
leiocarpa),Roble Amburanacearensiy Paquié(Himenaeacoubari) andJichituriqui(Aspidosperma
spp). Mahogany $wieteniamacrophylld and Cedro(Cedrelafissili§ have been abundant in the
forest but have been reducesignifiantly by overexploitation. Also present in the forestaivariety
of palm trees such as Motac(Attalea phalerata) Marayau (Bactris majoy and Asai(Euterpe
precatorid.

HGURE2: MAP OF THE MAIN ECGLCAL REGIONS WITBITENTIAL FOR FORESINBOLIVIA (BASE MAP
COPIED FROfWARGASET AL, 2005)
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The forests of the transitional zone show different topographies and inclinations but in most cases
they are situated on top of riverside terraces. The altitude varies between 300 and 800 meters above
sea level. The relatively plane landscape include a number of outcrops of small hills and isolated
Inselbergs. Twdnselbergsare situated inFMU rising abowe an undulating plairwith an average
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elevationof about240 meters.The soilsare shallow nutrient-poor, well-drainedand include many
soil associationgvargas, et al., 2005)Cinma, 2014)

The climate in th&MUvaries from tropical suiumid in the south to tropical hum in the north. The
mean annual temperature is 25%°C with the highest temperatures in October and November and
the coldest periodn July. The mean annual rainfalls varywsrd 1500mm. The dry season &ifito

the winter months from June to September. The highest precipitation edwetmveen October and
March. The relative humidity varies between 5% in the months of December to March and
between 7055% in the months ouly to Septembe(Villegas, et al., 2008)

The FMU has been subjected tselective loggingrom about 1970 until 1997 through a longterm

contract from the old forest regulations Species thatvere exploitedwere: Mahogany $wietenia
macrophylla and Cedro(Cedreldissilig. In recent yeardefore the adoptiorof the new forestry law
(19931996)the use ofRoble Amburanacearensiy started. Since 1998he CINMAcarries out the
exploitation plannedand organized undea wiitten management plamwhich meetsthe New Forest
Regimeand theStandardgPrinciplesk Criteria) of the FSEMCand comprises the use ofiditional

species (seehapter 4.9

Inside theFMUthere are some areas were forest firegpeatedlycaused immenselamage to the
forest coverduring the last years

4.2 FOREST MANAGEMENTGPRBE IN THE STUREA

The company CINMA is managing its FMU in a polycyclic system which is based on selective logging.
The system includes a cutting cycle of 25 years (legal stdrida20 years) and minimum cutting
diameters (MCD) of 50cm. At presetite following species are being harvesté&tbble Amburana
cearensiy Cambara(Erisma unsinatun), Paquié (Himenaeacoubari), Cuta (Apulaia leiocarpg,
Cambara Macho/AngelyQ(aleaparaensi$, Verdolago(Terminaliaspp), Jichituriqui(Aspidosperma

spp), Tajibo Tabebuia sp and Yesquero Negr@€ériniana estrellensisFive of these species account

for 98 percentof the harvest (se¢able 2)

TABLE2: HARVBTING RESULTS20A.3(COPIED FRO{CINMA2014)

. Volume per hectare| \/glyme proportionall
Species Amount of logs| Volume (m?) (m3/ha) oin(?TAL y

Cambara 3621 9368 2,4 37%

Cuta 4983 8409 2,15 33%
Paquio 911 2613 0,67 10%
Cambara Macho 1533 2434 0,62 10%

Roble 1490 1990 0,51 8%
Verdolago 160 343 0,09 1%

Tajibo 88 111 0,03 0,5%
Jichituriqui 60 78 0,02 0,3%
Yesquero Negro 3 5 0,001 0,02%
TOTAL 12849 25351 6,49

The yearly harvesting activities are taking place in restricted annual cutting compartments (AAA). The
annual harvesting is done in up to three AAA. Before any logging activities can take place the
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company has to complete a full census of harvestable tiredbe AAA and present its harvesting

plan in an annual operating plan (Plan operative annual forestall; POAF) to the Forest and Land
Authority (Autoridad de Bosque y Tierra ; ABT). A registration and mapping of 100% of harvestable
trees is done clearlydéentifying each tree (species, DAP, commercial high, quality and location)
referenced by coordinates in the AAA. During this activity a plaque with an individual number is
placed at each harvestable treBwenty percenpf the harvestable trees which aregistered during

the census are left as seed trees. Before the felling activities start, lianas whiclogtbe selected

trees are being cut. Once the preparations are finished, cutting is done by directional felling, reducing
the impact on the remainingegetation. Extraction of the timber is done by skidder using previously
planned skidrails to reduce the impact on the remaining forest. Logs are gathered on landings
where they are being parted, measured and later loaded on trucks to be brought tattill.

Since 1998the company is certified by FSC for its forest management and its chain of custody. The
forest certification process has brought some minor changes to the management of the FMU. Beside
many other modernization measurements the compdras agreed on the integration of additional
silvicultural treatments in their management of the forest. In 20t company hagproduced a
manualcoveringthe different silvicultural treatments which are being implementéutiuding those

that are so farun on a trial basisThe treatments are:

Selection and protection of seed trees

Demarcation of future crop trees (FCTSs)

Liberation of the FCTs from lianas

Scarification of landings

Enrichment planting on landings, skrails, in undisturbed forest, irforest which has
suffered from forest fires and on abandoned logging camps.

aprwdpE

Of the above listed treatments, only the protection of seed trees is an integral part of the forest
management by CINMAwenty percentof the trees which have been identified dogi the census
are excluded from the harvest and left in the forest as seed trees.
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4.3 STUDIED SPECIES

4.3.1 Cuta Apuleia leiocarp@l. Vogel) J.F. Macbride)
Family: Caesalpiniaceae (Leguminosae)

Description Apuleialeiocarpais an emergent tree up to 45 m high, and diameters reaching more
than 100 cm. The species is characterized by an irregular open crown, an irregular styéirgtrical

trunk in dense forestand a littletwisted in more or less operplaces.lts baseis wavy with basal
buttresses The outer bark is greyish orange and peals of in irregular and large laminar plates. The
inner bark is fibrous, with interspersed bands between pink and cream. The leaves are alternate,
compound and imparipinnade with alternate delliptical leaflets. The flowers are small, white and
are arranged in axillary racemes. The fruit is an indehiscent legume of coffee colour, pubescent,
asymmetric and flattened containing two compressed se@dstiniano, et al., 2IB), (Salazar, et al.,
2001) The woodof A. leiocarpais yellow, with differences between sapwood and heartwood, the
latter being more intense coloured.

(For species illustration see ANNEX 2)

Distribution: Apuleialeiocarpais a speciesf the humidto sub-humid Amazonian forestslt has a

high distribution in Brazil Bolivia Pery Paraguayand Argenting with few reportsin Venezuelaand
Colombialn Bolivia the species is restricted to the Amazon region of the country. It can be found in
the departments Pando, the north of La Paz, Beni and northeast of SantallCRando and the
forests of Bajo Paragud in Santa Cruz, an average density oé@soper hectare has been observed.
Lower densities have been found in Amazonian forests of northern L&/Magas, 2009Justiniano,

et al., 2003)(Salazar, et al., 20Q.

Ecology The species shed its leaves during the dry sea8puleia leiocarpais a partially light
demanding species. It is flowering from September to October; ripe fruits are dispersed by wind
during Decemberand January(Justiniano, et al., 200 limatic typesbased orthe classification of
Koppen where A. leiocarpais located are: tropical, humid subtropical, humid temperate and
subtropical, withaveragetemperaturesranging betweenl7 and27 ° C, minimum temperatures
between 12 and 26 C.and maximum temperaturebetween 21 and28 ° C. This speciess
moderatelytolerant to low temperaturegVillegas, 2009)Salazar, et al., 200Ihe soils to whicl.
leiocarpais associated are moderately well drained to well drained, between moderately deep and
deep, mostly poor of nutrients, lateritic and acidic, with a loamy clay and basaltic substrate. It is
found in undulating topography, ually in high placegVillegas, 2009)

Apuleialeiocarpacan live in a wide range of forest successional stages, as hasdesenbedby
several authorgSilva, et al., 2003 he species is a goodmpetitor which explains its presence at all
stages of forest recoveryt behaves as shade tolerant species in the first stage of his Wpuleia
leiocarpaseedlings require shade. Once established, the trees grow vertically to the canopy in search
of light. (Villegas, 2009)Apuleialeiocarpahasa diameter distributioncorresponding to an inverted

"J". lts abundancen the study aregDBH> 20cm)is 1.15trees/ ha (Villegas, et al., 2008)

Apuleialeiocarpais susceptible to drought and heat stress. The species cannm-establishedin
completely deforested areas. Canopy openness has positive impacts on adult individuals as it
improves their growth but is not conducive to regeneratittirhas been reported that the species is
growing well on burned areas. It has been found tlraen Amazon forest arethree years after
burning one of the most abundant tree species regeneration Wateiocarpa(Villegas, 2009)The
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species is also found in cultivated areas, pastures, abandoned pastures and clearings where it is
usually found in clusters of trees of all ages.

Wood: The wood of this species is of considerably high density. The dry wood has moderate
resistance to decay and termite resistance is I(Willegas, 2009)Salazar, et al., 2001)

Growth: Diameter gravth of A. leiocarpds moderate Havingmeasured221individuals in twdorest
types, VillegagVillegas, 2009)inds an average growth 08.4 & 0.3) mm/yr. The largest diameter
growth registered for this species occurred in trees from 40 to 80 cm DBH averaging in 4mm/yr.

Regeneration Although thisspecies hapotential forsustainable uset is necessary tpay attention
to its regeneration.The specieshows abundant regeneratiorevenin disturbed forests and rocky
areas(Villegas, 2009)Neverthelessthe regenerationstatus for this species hdseen classified as
problematicby Mostacedo, et al. (1990).ittle regeneration exists on sites weites harvestedThe
potential mechanisms for regeneration problenaf this speciesare not well understood
(Mostacedo, et al., 1990)\Villegas (2009) sates that fak. leiocarpait might be necessary to
implement enrichment treatments at an early stage, taking into consideration that itsisade
tolerant but requiressufficientlight in anadult stage

4.3.2 Roble Amburana cearensfgllemé&o) A. C. Smith)
Family: Fabaceae (Leguminosae)

Information about this species is scanty and scattered, particularly in respect to its biology and
ecology (Leite, 2005)

Dendrological characteristicsAmburanacearensids a large tree which grows up to 40 m high and
reaches a diameter up to 150 cm. The species is characterized by a round crown, thin agekgmney
foliage and slightly branched upward branches. The bole is cylindooaal, straight and clean. The
outer bark is smooth, reddish brown, with papery peels. The yellowish inner bark is of granular
texture and has a strong odour, exuding viscous and yellowish gum. Leaves are alternate, compound
and imparipinnate. The whitishellow flowers are arranged in #ary racemes. The fruit is a woody
vegetable, elongated, with 1 to 3 aspect seeds. Leaves of the seedling are similar to those of the
adult trees: compound, leaflets alternate, oblong, entire edge, rounded base and whitish below.
They have a characteristodour when they are squeezédlistiniano, et al., 2003)

(For species illustration see ANNEX 3)

The woodof A. cearensis used for furniture and decorative veneers. Heartwood is yellowish amber,
turning to brownish orangefter long exposuréwoodfinder, n.d.)

Distribution: Amburanacearensigs found inBolivia, Brazil, dfthern Argenting Paraguayand Peru
(Leite, 2005)In Boliviathe species is widely distributed in the departments Pando, Beni, La Paz and
Santa CruglJustiniano, et al., 2003)

Ecology Amburanacearensishas a restricted ecological distributig¢heite, 2005)A. cearensids an
emerging species, deciduous, partly light demanding, common in the semi deciduous hardwood
forest, the Amazon forest and transition zones. The species generally grows at shallegrainelt

soils near rocky outcrop3he terrainwhere the species occurs is in the majority of cases constituted
by plateaux ranging from altitudes of 500 m. Concentration of the species is associated with
deep richer soils (luvisols) in places of moderately hilly topografdihe species is gendsal
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associated with regionef low rainfall. (Leite, 2005)Once the treesare established they are very
resistant todrought(Facultad de Ciencias Agrarias, Universidad Nacional de Asuritiérgecies is
intolerantto shade(Mostacedo, et al., 1990)

Flowers appear from March to May and fruits ripen between July and September. The seeds are
dispersed by windJustiniano, et al., 2003{Vargas, et al., 2005However, it isimportant to note
that this speciedears fruitonly everytwo to three years(Villegas, et al., 2008)

Amburanacearensids characterized by a low population dendfbeite, 2005) Nonethelessit is a
species which has been extensively exploited due to its high commercial value. In some places the
species has disappeared due to overexploitafgmber Flores Bendezu, 201%he IUCN Red List of
Threatened Species cités cearensias being endangeredLeite, 2005)In the study area the species

is present with a density of 0.1 trees/ha (DB{20cm) (Villegas, et al., 2008)The diameter
distribution of A. cearensisorrespondgto an inverted "J

Growth: A studyconductedin a Chiquitano foresthowed an average annual increment dd 6m for
A. cearensi$Lopez, et al., 2012Another studyrecordedincrements of 0.51 cm/ year in plantations
and 0.380.41 cm/ year in enrichment plantation&mber Flores Bendezl, 201Z4he monitoring
results of forestincrements in the forests of Bajo Paragsidw an annual increment of @rh for
Robleunder normal conditions (without silvicultural treatmen{jillegas, et al., 2008)

Regeneration The regeneration status @&&. cearensifias been describes as poor Blpstacedo, et
al., (1990)and solutions for improvementare unknown. Very little natural regeneration of the
species occurs on sites where it is found naturally as adult t{désstacedo, et al., 1990)
(Fredericksen, et al., 20Q0)n addition, little silvicultural knowledge exists about how to establish
regeneration Mostacedo, et al. (1990) seegular seed production, poor seed germination and the
lack of large learings vith adequate light availability as causes for the extremely poor natural
regeneration. Leite (200%eports the need of shade conditis for the early development oA.
cearensisFredericksen et al. (2000) their conclusion of a study on the invasion of ranmmercial
tree species after selection logging in Bolivian tropical foreg&n warnthat in Bolivian dry forests a
similar commercial elimination which had happened to mahog&widtenia macrophy) might as
well occur forA. cearensisThe specigdow densities, high extraction rates, and poor regeneration
make it very vulnerable for extinction.

4.3.3 Paqui§Hymenaea courbailil)
Family: Caesalpiniaceae (Leguminosae)

Dendrological characteristicdHymenaeacourbarilis a big tree, up to 40 m tall and a diameter up to
110 en. The bole is clean, cylindricalery straight and without buttresses. The crown is round to
ovoid and the foliage bright green. The external bark is smooth with an ashy célmiinternal bark

is reddish, exuding a gummy secretion that crystallizes. lseare alternate, bifoliolate with
translucent dots on the lamina. The leaves of the seedlings are similar to the ones of the adult trees
but are relatively larger. The whithowers appear in the terminal panicles. The fruits are ovoid
legumes, woody indehiscent, of coffee colour and contain seeds, covered by a floufhaisiveet

white pulpsurrounding the seedss edible (CANABIQJJustiniano, et al., 2003)

(For species illustration see ANNEX 4)
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Thewood, rich in colours and durable, hagasiety of uses. It ismoderately difficultto work with
but beautiful when polished. The wood is comparable with mahogany and is used in carpentry and
flooring. (CANABIO)

Distribution: Hymenaeacourbaril has a wide distribution In the Caribbeanthe speciesgrows
through the Antillas Mayores and Menore$he continental distribution areaextends fromcentral
Mexicoto southBoliviaand southerncentral Brazil.In Boliviathe species is widely distributed in the
departments La Paz, Pando, Beni and Santa Cruz; here it is found from 200 up to 600 m.a.s.l.
(Justiniano, et al., 2003)

Ecology Hymenaeacourbarilis a semideciduous species, common in almost all tropical forests from
the Amazon to the dry foregtlustiniano, et al., 2003 estgrowth d the species occunshere there

is arainfall 0f1.900 to 2.150m / year but itcangrow in areaswith just 1,200mm / year.lIts average
annual temperatureaanges from20 to 30 °C.(CANABIO)Like most hardwoodspeciesH. courbaril
grows best in deep, fertile, moist and well drairgalls. It can grow in soitsf any texture from sands

to clays but grows best in sandy soils. Most genotypes grow on slapdshilltopsbut are rarely
found in lowland poorly drained alluvisbils.(Francis, 1990)

Hymenaeacourbarilflowers from October to January and fruits are ripening from June to September.
The fruits are available as an important feed source for wildlife during the dry season.

Hymenaeacourbaril is partially shaddolerant, intolerant of shadewhen mature. It grows slowly
under part shade and campersist underconsiderablyfull shadefor a number ofyears, butrequires
full or nearlyfull vertical lightfor completedevelopment.Trees of this species which grow on open
sites have a few short stems and large crowns. Young trees growing padeshade develop a
longer and straighter shaffCANABIO) the forest of Bajo Paraqud. courbarilis presentwith a
density of 0.22 trees/ha (DBH >20 ofW)llegas, et al., 2008)

Growth: The species is characterized by a moderate growth rate. It is a species which can get very old
and is able to reach large size. Averagiametergrowth can be expected to bdetween
0.45cm/year and.53 cm/year (Francis, 1990} Villegas, et al., 2008)

Regeneration The regeneration status oH. courbarilhas been describes as problematic by
Mostacedo, et al. (1990Poor or irregular seed production anddh rates of seed predatioare

being seen as the causes of regeneration fail(iMostacedo, et al., 199@eedlings and saplings are
susceptible to being chokduay weeds, bushes and trees of accelerated growth which protrude above
them. Once the trees have established themselves as dominant trees, other trees in the stand have
little effect on growth (CANABIO)
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4.4 DATA COLLECTION

Thisreport includeshree separate field studiedata for these studiesvere collectedbetween April

and June 2014The first section evaluates the data collected during the demarcation of FCTs. In the
secondpart the enrichment plantings are evaluate@hethird sectionis showinga regeneration
study inold logging gaps

4.4.1 Section 1: Future Crop Trees

The aim of this section is to compare the abundance of FCT of the three timber species dealt with in
this report with the amount of harvested individuals. The data for this shaypeen obtained from

six plots in the annual cutting compartment A28141, Los CalambresAll data concerning the
harvested treesare taken from the control of chain ofistody for this annual cutting compartment.

This database is created by the companyimy the census in the year before the harvesting
activities take place and updated during all following activities.

Marking of the FCTs has been taken plae®re the logging activities startedn@.2percent(60ha)

of the area of theAAA(1417.5ha)Fa were marked Six plots, each measuring hectares have

been distributed throughout the annual cutting compartment. For an equal representation of the
different forest types, the operative map, showing all harvestable trees, was used to distribute the
six plots(see ANNEX). Plots were distributed so that sites with different harvesting densities and
harvested species were represented proportional@nly commercial species and species with
potential for commercialisation in the future were marked. Tsd®ve to show a DBH of at least 20

cm and a quality of 1 or 2, to be marked as FCT. The marking of the FCT followed principally the same
methodology normally used during the census. Following a pica (subdivision line, dividing the annual
cutting compartmat in north-south direction in blocks of 106 with) trees were marked 2B to

each side. The work was done by two tree spdtene working to each side of the pica and a third
person who wagecordinginformation for each tree. The tregpotters were icentifying the trees,
measuring their DBH, giving them a plaque with an individual number, marking them with spray and
cutting the lianas infecting the tree.

4.4.2 Section 2Evaluation of enrichment plantings

Since 2012the companyCINMAiIs collecting seeds from the main wood species logged. These seeds
are beingused ina nursery in order to raise seedlings for enrichment planting. Durindgpéineesting
years2012 and 2013seedlings have been planted on a trial basis in different lonatin the field to
enrich the regeneration. Enrichment planting has been conducted on landingstralgd in
undisturbed forest andn forest which has suffered from forest firda. the enrichment planting the

tree species CutaApuleia leiocarpg Rdle (Amburana cearensgisPaquié(Hymenaea courbajiland
Mahogany $wieteniamacrophylla have been usedThe plantations of Mahogany are not being
included inthis study.

In table 3an overview is given on the enrichment planting which has been doné&dydmpany
CINMA (also seANNEX 6 Until December 2013 total of 921seedlings were plantedn skidtrails,

landings, in undisturbed forest or in forest which had suffered from forest fires. In landmgsto

nine seedlings were planted depending on the size of the opening. Ontrad&l six to seven
seedlings were planted with a spacing ofrA0In undisturbed forest and forestghich had suffered
from forest fires, planting was done in lines, opened with maclaete using a spacing of -BD m.

During April and May 2014 all of the plantats which are listed in table @ere visitedand
measured except the ones in the AAA 2087 where data were not satisfactorily recorded after
planting.
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TABLE3: OVERVIEVOF ENRICHMERTANTING

. Year of . AAA Location Units N Qf
implementation seedlings
burned forest 16 lines 153
2006B landings 6 landings 44
2012 2007A landings 5 landings 32
2006B skidtrails 4 skidtrails 49
2007-A skidtrails 6 skidtrails 38
burned forest 4 lines 81
2007-2 landings 4 landings 69
20073 landings 7 landings 43
20131 landings 5 landings 6
2013 20072 skidtrails 4 skidtrails 24
2007-3 skidtrails 7 skidtrails 42
20131 skidtrails 5 skidtrails 46
2006A undisturbed forest 2 lines 29
undisturbed forest 27 lines 265
TOTAL 921
burned forest 20 lines 234
undisturbed forest 29 lines 294
TOTAL landings 33 landings 194
skidtrails 26 skidtrails 199

In order to compare the growth andurvival rate of the planted tree seedlings an evaluation has
been conductedtaking also into account already existing dadtar thefield study maps have been
designedfor a better orientation in theforest BetweenMay and June2014 the enriched sitekave
been visitedto gather data on survival and growth of the plantatioigeedlings were first cleared
from competing vegetation before the health status of the seeqlitgyreceived lighand its height
was recorded Seedlings werelassifiedas alive or deal. Theillumination was recordedas 1 (full
light), 2 (vertical light), 3 (horizontal light) and(#ithout light). The height of the seedlings was
measured from the root basm® the tip of the longest branch, ending at the leave base.

4.4.3 Section 3Regenerationn logging gapand skietrails
For the regeneration studyogging gap# areas harvested i8011, 2012 and 2018re analysedThe
selectedlogging compartmentgAAA)for the study are shown itable 4.

TABLEA: ANNUAL CUTTING COMPRIENTSAAA)USED FOR THE REGENERI STUDY

year of harvest Nr. of AAA Name of AAA
2013: 20072 Lechuzauhior
2012 2006B Las Lagrimas
2011: 2006A Los Holandeses
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FHeld maps weralesigned showing the location of harvested trees. Gaps waresenwhere trees of
one of the three tree species of this study Hagkencut. In total a number of 63 gapsere analysed,
giving a sample adevengaps per harvesting ye#or eachtree speciesTwo methodswvere applied,
one to record the composition of theew regeneration and a second to point out leading individuals
within the regeneration of the logging gaor the identification of the leading individual, up to 10
commercialand nan-commergal trees whichwere growingn the gap andccupiedthe canopywere
recorded Onlytrees whichshowed a height of at leashree metersand which were nobvergrown

by competing vegetationvere listed.

To studythe camposition of the regeneration sample
plots, each with aub-plot and a suksub-plot, were set
up. In the logging gapshe plots wereset up rightnext to
the tree stampin the direction were the tree had falhe
(see fgure 3) The mairplots sized 4x4 m, the subplots
2x2m and the subsub-plots 1x1m. For this study it was
not necessary to measure the specific height of tl
regeneration. Thereforethe regenerationin the plots
was listed according to their gie classs described by
Fredericksen, et al. (20Q0n the main plot treedaller
150 cm were recorded. In the sydbot the regeneration
>30 and =150cm wasrecorded. Seedlings/hich were
smaller than 30 cm wereecordedonly in the suksub-
plot (see able 5)

HGURE3: LAYOUT OF THEAMPLINGS PLOT!
LOGGING GAPS

felling direction

Main-plot

Sub-plot

Sub-sub-
plot

Apart of the logging gaps, the regeneration was al
analy®d inplots set up on the skitrail 50m away from

the tree stamps of the analysed logging gaps in t
direction were the trunks had been extracted. Tr
sampleplots at the skidtrails measured 3x5m, the sub
plot 2x2m and the sulsub-plot 1x1m(see able 5) The

regeneration was recorded using the same methodology as in the logging @apgo the much
smaller canopy opening compared to the logging gaeihg individuals were not reeded on the
skidrails.

TABLES: PLOT MEASUREMENTS

Plot-size (m) . Size of the regeneration
Plot . . — Regeneration typeg
Logging gap| Skidtrail recorded
main 4x4 3X5 sapling >150cm
sub 2x2 2x2 Large seedling |>30cm- <= 150cm
sub-sub 1x1 1x1 Small seedling <=30cm

During theimplementation of thestudy it was realized, that there was a significant dependence of
the regeneration to the forest type. €hefore it was additionally recordeid what kind of forest the
logging gamnd the skietrail was located. The forest was classified either as a low forest or a high
forest and additionally taken into account if it had suffered from forest fires during the last yrars.
table 6the amountsof study sites are listed per forest type.

27



TABLES: DISTRIBUTION @BGGING GARND SKHTRAILSTUDIED PER FORE®ETAND HARVESTEARYE

Forest type vear of harvest TOTAL
2011 | 2012 | 2013
High forest 2 15 18 35
Burned higHorest 9 9
Low forest 2 6 3 11
Burned low forest 8 8
TOTAL 21 21 21 63
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4.5 DATA ANALYSIS

45.1 Section 1: Future Crop Trees

Only a number othe trees which are marked as F@ill grow to a harvestable sizentil the
following harvesting interventioiin 25 years(cutting cycle).Unfortunately noreliable data on the
growth rate of the studied speciem the FMU existed when this study was conducted. Therefore,
data about the estimated growthates to calculate the DBidcrement of the trees until 203%vere
gathered through a literature studisee table J. With this data the increment of the FCT during the
25 years of the cutting cycle was calculated.

TABLE7: DIAMETER GROWTH OFET$TUDIED SPECQ(EBE ALSO CHAP

4.3

Species | Growth per year (mm/yr.] Increment in 25 years (cm)
Cuta 4 10

Roble 5 12,5

Paqui6 5 12,5

When calculating sustainable harvesting limits, the natural mortality of trees should be considered at
all life history stagesTo determinethe number ofsurvivingtrees at the endof the cutting cycle a
formula, given byFredericksen et a[2001)was usedThe mathematical expressiagashown in the

text box below.

Ns = Nc * (4dm) ~c

Where:

Ns = Number of surviving trees at the end of the cyg
Nc =Current number of trees

m = Mortality percentage

¢ = Cutting cycle in years

According to their measured diameters the FSC were first put into diameter classd®vofor

presentation in aliagram The mortality in the diameteclasses above 20cm can tensidered to be
very low. For this study mortality percentage of 0.0fproposed byFredericksen, et al. (2001yvas
taken Furthermore it was assumed that all FCT will keep their quality (1 awtflle maturing and
that the damage to trees durintpgging activities are minimal and the likelihood of unectpd

events (fires, floods, etfis low.

4.5.2 Section 2Evaluation of enrichment plantings

For the ealuation of theplantations data whichwasgathered by the company during the last years
was adde to the data collected during the fieldwork in 201Banting and measuring of the
seedlings were not always done during the samenthoof the year. Neverthelesglanting was
always done during the month October and November and evaluations duringMayilor October.
To facilitate the comparison of growth and survival of the seedlimgsough age in haljear
sequences was given to the plantatidrherefore evaluated plantations were either half a year, one
year or oneand-a-half years old.
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To testfor significan in differencesn growth and survivalatesof the seedlings a twsample ttest
gl a dzaSR ¢6AGK b T nonpod

4.5.3 Section 3Regeneration in logging gapsskidtrails

During the fieldwork the species names were recorded as the tree spotes given them. These
names were later compared with a number of different sour@b-OBOL; MACA; OIMT, 2QQBIF)

to determine their scientific names. In a number of cases the literature showedtibacommon

name was given to more than one species. In this case the species was continued being recorded
without a scientific nhamehough it was most important to identify the commercially valuable
species, of which names were clearly given.
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5 RESULTS

5.1.1 Section 1: Future Crop Trees

On the 60ha of the study site a total of 21 Roble, 12 Cuta and 2 Paquié were marked a&&€Ts
figure 4). The species Roble was almost equally represented in all diaroketeses below the MCD
(50cm). Of each of the speci€uta and Paqui@neindividual, bigger than the MGlvas found.lt is

not clear why they were not being selected for harvesting. As both of them were recorded with
quality 2 it is assumed that they will suitable for harvesting in the cutting cycle.

After adding the calculated incremeiind estimated mortalityto the FCT,ssix Roble,four Cuta ad
one Paquidtree are falling in the diameteclasses big enough to be harvestad®039 (see figure)s

HGURHE: ACTUAIDBHCLASSISTRIBUTION BEE BY SPECIES
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If the analysed trees which will grow into harvestable size until 2039 are being extrapolated by the
total area of theAAA and then compared with the harvested trees of 2014, two species (Paqui6 and
Roble) show a higher representation of harvestable trees for 2039 then harvested trees in 2014 (see
table 8 For Cuta the calculated harvestable trees in 2039 were lower tharharvested trees in
2014. There will be less trees of this species available for the next harvest then there were in 2014.

TABLES: NUMBER OF TREES PERTAREAN/HA):

Specieq harvested trees in 2014 (iHa) | harvestableFCTsn 2039 (Mha)
Cuta 0.34 0.31
Paquio 0.05 0.08
Roble 0.09 047

5.1.2 Section 2Evaluation of enrichment plantings

The purpose of the evaluation of the enrichment planting was to compare the effectiveness of the
plantations on landings, skidails, inundisturbed forest and in forest which has suffered from forest
fires. To quantify andralidatethe success of the plantations, survivahd growth rates per species
and location are being analysed below.

Survival

The survival rate was laively good inthree of the four locationswere seedlings were plantedn

the bumed forest a significantly logv survival rateduring the firstsix months afterplanting was
observedwhen comparing it tothe other locations (see table)9The signifiance of survival
difference between burned forest and the three other locations was tested with asawople ttest

(see table 10 The survival until the second evaluation was much higher; the remaining seedlings
seemed to have established well after tfiest plantingshock.

TABLE: SURVIVAL RATE OF S8PECIES

Location Evaluation 1 | Evaluation 2 | AVERAGE
Undisturbed forest 89% 89%
Skidtrails 96% 96%
Landings 91% 91%
Burned forest 67% 97% 82%
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TABLELO: VARIANCE TEST FORBUAL AFTERMONTHS

t-Test: TweSample Assuming Unequal Variances

Location of enrichment planting Burned forest 3 other locations
Mean 0,331646 0,077869
Variance 0,222219 0,071953
Observations 395 488
Hypothesized Mean Difference 0

df 595

t Stat 9,523904

P(T<=t) ongail 2,07E20

t Critical onetalil 1,647419

P(T<=t) twetall 4,14E20

t Critical twotalil 1,963959

t Stat > t Critical twdaail (9,523904 >1,963959) The null hypothesis
rejected; height growth differs significantly.

Lookingat the overall survival ratef all plantationsfrom 2012and 2013 until Mg 2014 (see Table
11), especiallyffor Cuta and Robla high number of dediseedlings is recordeih the burned forest
Paqué seemedo surviveeven well in theopenness of théourned forest. The best survivid shown
by the seedlings d?aquiq plantedon skid trails.

TABLELL: SURVIVAL RATE PERC3PE AND LOCATION

Undisturbed e .
Species forest Skidtrails Landings Burned forest EVERAGE
Cuta 94% 92% 92% 78% 83%
Paquio 92% 99% 97% 91% 93%
Roble 96% 98% 96% 84% 92%
Growth

The plantations which wengeceivinga lot of direct light(see tablel?) showed asatisfactoryaverage
heightincreaseof the surviving seedlings.

TABLEL2: ILLUMINATION OF THERECHMENT PLANTINGS

Location . received light (avera_tg(?)
light class description
Undisturbed forest 3 horizontal
Skidtrails 2 vertical
Landings 1 full
Burned forest 1 full

Averagegrowth rates were significantly lower in the undisturbed foreshere growing conditions
were dominatedby high amountsof shade under theclosed canopywhereasseedlings on skid
trails, landings and in the burned forestre benefiting fom vertical or full light(see table 12 and
figure 6. Anexceptional growth rate can be shown for the seedlingdamings. Hergthe seedlings
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grew an average of 54m during the firstsix months. The difference in heighincreaseof the
seedlings inundisturbed forest and skitfails was show to be significant (see table 13

TABLEL3: VARIANCE TEST FOR\GROAFTEEBMONTHS

t-Test: TweSample Assuming Unequal Variances

Location of enrichmenplanting Skidtrails  Undisturbedforest
Mean 36,01923  7,185606
Variance 880,7957  109,6802
Observations 104 264
Hypothesized Mean Difference 0

df 113

t Stat 9,673401

P(T<=t) ondail 8,67E17

t Critical onetalil 1,65845

P(T<=t) twetail 1,73E16

t Critical twotalil 1,98118

t Stat > t Critical twaail (9,673401 > 1,98118) The null hypothesis
rejected; height growth differs significantly.

In all locations Cuta was the species with tAmesthigh growth during thdirst sixmonths. In the
burned forestgrowth differs little between the three specie@nlandings Roble takes the lead of the
highestgrowth rate in the second year, clearly leaving behind the stagnating growth of Cuta.
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HGURES: GROWTH PATTERN OF ENRICHMENT PLANTINGS
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5.1.3 Section 3Regeneratioimn logging gapand skietrails
Resuls of this section are first shown for all identified commercial species anderneath
specifically for the three studied species Cuta, Roble and Paquio.

5.1.3.1 Regeneration adll commercial tree species:

Species Composition:

During the study a number of &hown species werglentified (see ANNEX.&Eleverwere classified
as commercially high valuablelass3), nice as commercially intermediate valuab(@ clas$ (see
ANNEX 10and 41 aswithout significantcommercialvalue (classl). This classification was made
taking thepresent use of the species amakingits possible future use by CINAM into accourtie
five most frequent species which together account forp@2centof the regeneration, are all pioneer




speciegsee tablel4). None of them are of higpommercialvalue. Only for onef the mostcommon
species (Sauco Blanctijere might bea possible use for timber production in the futuréhe
regeneration inlogging gap a well as on the skittails was clearly dominated by species of non
commercial valuedlassl) (see tablelb).

TABLEL4: THE FIVE MOST FREQUERECIES FOUNDOSGING GAPS AND SKRAILS

Share of the species on the

Common Name | Scientific name | Commercialvalue regeneration in percentage
Ambaibo Cecropia sp. 1 37%
Pacay cola de mong Inga edulis 1 19%
Sauco Blanco Zanthoxylum sp. 2 16%
Pata de Gallo Virola flexuosa 1 13%
Pacay Rosario Inga cytindrica 1 8%
TOTAL 92%

TABLEL5: COMMERCIAL VALUE GEREGENERATION

Commercial logging gap skid-trails
value Nr. of individuals Percentage Nr. of individuals Percentage
1 693 78% 552 78%
2 131 15% 87 12%
3 66 7% 71 10%
TOTAL 890 710

Nevertheless,n 25 (40%) logging gap at least one indivigal with high commercial valugas found.
14 22%)logging gap were identified without individals of high commercial valu® intermediate
commercial valueOnelogging gapgvenwas without any tree regeneration. On the skidils similar
representation of commercial tree regeneration was foumdienty one(33%) skidtrails had at least
one individual with high commercial value wasordedand 14 @2%)skidtrials without individuals
of commercial value 3 and 2.

It has been observed that the state and composition of the regeneration varied significantly between
forest types(see tablel6). The number of plots aere regenerationof commercidly valuable timber
species was foundas relatively high imigh forest andburned high forest. Inow forest the total
amount of individuals of regeneration as well as the amount of individuals of commercial valuable
species was much lower. In theght logging gap as well as in theight skidtrails which were
located inlow forest which had suffered from a forest fire, no regeneration of species with high
commercial value was found.
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TABLELG: PLOTS WITH REGENERN OF COMMERQ@¥WALUABLSPECIES

Percentage of plots with individuals g Percentage of plots with individualg
Forest type commercial value 2 and 3 of commercial value 3
logging gap skidHtrail logging gap skidHrail
Highforest 83% 75% 69% 58%
Burned high forest 100% 89% 22% 22%
Low forest 36% 73% 0% 45%
Burned low forest 63% 0% 0% 0%

Leaderand development trend of the regeneratian

The number of leaders identified lngging gapfrom 2013 and 2012vasrelatively low (seefigure

7). Theseleaderswere trees which had been growing under the canopy of the felled tree. In the
logging gap from the harvesting year of 2011, leaders of the lyeestablishedegenerationcould

be identified. These were &lfast growing pioneer specig§&auco Blanco, Sdre, Ambaibo) The
composition of the leadingees in older logging gaps is therefore clearly dominated by commercially
non-valuable tree species.

In one yeaold logging gaps argeamount ofsmallseedlingwere found,whereasin the three years
old gapshardly anysmallseedlinggrew under the shade of thiarge seedling(seefigure 7). The
distribution of the regeneration by economic value was not shifting sagmifly during the three
years.

HGURK: SZECLASBISTRIBUTIODFTHE REGENERATION
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5.1.3.2 Regenerationf Cuta, Roble arféaquié
In thissectiona closer look is given to tlregeneration of thehree species which are in the focus of

this study;Cuta, Roble anéaquig all of which are classified @ammercialy highvaluable timber
speciedn this study In total, a number of 38 Cuta, 1Baquidandtwo Robletreeswere recordedin
the logging gaps and skirails during the surveyln the following graph a size class distribution is

shown separately for harvesting yeand species.

HGURHE: REGENERATION GBTA ROBLE ANPAQUIO PER HARVESTYEGR AND REGENERNBIZE
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Cuta During the studyplenty of regenerationof the commercially high valuable timber species Cuta
was found. Higlmumbers of individuals of the speciasere recordedin thelogging gapas well as on
the skidtrails. Most individuals of theegeneration of this specidall in the sie-classesaplingand
small seedlingRelatively fewtreesof higher regenerationvere found which can be explained by the
generally low regeneration in the plots frotme harvesting year 2011No significantly higher
abundance was found ilogging gap were this species had been harvest&kgeneration of the
species has been absentbarned low forest andogging gap of low forest(seetable 17 and 18§.

Paquid Regeneratiorof Paqui6has been found mainlgn logging gap were this species had been
harvested or on skitrails were the sample plot was close to a seed tiee seedlings dhis species
quickly after germination reach a height of more than@0, only one individual was found of the
sizeclasssmall seedling(see figureB). Abundantregenerationof the specieshas been found imigh
forest but wasabsentin the three other éresttypes(see tablel7 and 18.

Roble Regenerationof Roble has been very rare inhe sample plot of the studyOnly three
individuals in the 126 plots (88gging gap+ 63 skd-trails) have been identified, all of them in plots

of the harvesting year 2012. It could therefore not be shown how the regeneration of this species is
developing in thdogging gap during the first three yearsn this studyregeneration of this spees

was also restricted thighforest which had not been burnddeetable 17 and 18§.
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TABLEL7: NUMBER OF INDIVIDG&RFCUTA ROBLE ANPAQUIO

Skidtrails
Species High forest |Burned high fores Low forest Burned low fores{ TOTAL
Cuta 28 2 8 38
Paquio 18 18
Roble 2 2
Logging gap
Species High forest |Burned high fores Low forest Burned low fores{ TOTAL
Cuta 38 2 40
Paquio 15 15
Roble 1 1

TABLEL8: NUMBER PLOVEERE INDIVIDUALSTBE THREE SPECIESEAFOUND

Skidtrails
Specieg High forest | Burned high forest Low forest Burned low forest | TOTAL
Cuta 13 2 6 21
Paqui6 5 5
Roble 2 2
Logging gap
Specieg High forest | Burned high forest Lowforest Burned low forest | TOTAL
Cuta 16 2 18
Paquié 9 9
Roble 1 1
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6 DISCUSSION

6.1 SEcTION: FUTURKEROPIREES

The purpose of this section of the study is to find out whether the three species Cuta, Paquié and
Roble show a sufficient representation by FCTs to secure sustainable harvest in the neafThgure.
results of the study show, that not for all three studispecies an equal amount of harvested trees
will be available for harvesting of the following cutting cycle in 25 years. Although this study only
shows the results ofh sampling area of 6(ha and was restricted to one AAA, it shows the
complexnesf thistopic. The findings of this study showadt for Cuta, timber yielslwill already
decline in the second cutting cycleMany forest operatos overestimate the growth rate of their
harvested species. As in case of the three species studied in this repzst,hardwood species in

the Amazon forest have a relatively low growth ragchulze(2008) shows thata large part of
commercial tree species including oneté here studied treegPaquig require a recruitment time

of at least 60 years.

Calculationswere only made using the number of trees, not taking iatocount their volume.
Without further investigations it can be assumed that the volume per harvestable tree is relatively
high during the first harvesting intervention but dropbruptly for the seond harvest in 25 years.
The first harvest includemanytrees which have diameter of more than 7@m, reducing the stand

by almost all bigger trees than DBH 50cm (exception aredhmining20% seed trees)he growth
rates do not allowthe forestto recover to its original structurédiameter distribution)within 25
years This applies for almost atlatural forests which areformed into managedforest. It is a
intentional process whereas trees are harvested before their increment dectinesto ag. With
these assumptionseven less wood of the currently harvested species is available for the following
cycles.

6.2 SECTIOR: EVALUATION OREICHMENRPLANTINGS

The success of enrichment plantings depend on various aspects, some ofhatécheen treatedn

this report. The results of the evaluation of the enrichment plansisfpow that in generaseedlings

of all three specieare growing well in the enrichment plantations. Seedlingsield in undisturbed
forest show a lower growth rate than in the other locations, but are still surviving Mellincluded

in this study but observed in the fieid that competing vegetation (mainly lianas) which have to be
removed regularly from the sedidgs is much lower in the undisturbed forestan in all other
plantationsandtherefore lowering the costs for tending of the seedlings.

The plantation in the burned forest is dominated by a high mortality rate. This is due tlmwhe
canopy covepf the location. Planted seedlingthat receiveddirect sun during the whole day were
suffering from a planting shock.appearsthat manyof the seedlings could not cope with the harsh
conditions (no shade) in the burned forestis is shown by the relativelygh mortality rate during

the first months,whereasin a late state few seedlings are dyirigp reduce the mortality in #se
plantations, seedlings have to be hardened in the nursery before they are planted outside, even if
the enrichment planting happes during the rainy season.

The selection of planting sevas done manly randomignd not taking into account environmental
conditions. During the study it was also observed, that seedlings would not grow similarly well or bad
in all landings. The growth seemed to differ very much depending on different soil fypesonal
observation bythe author). What the company also ditbt consider before planting the seedlings
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wasa study of the natural regeneration of the specific sitén section 3 ihas beershown, that the
natural regeneration differs very much according to different vegetation typesing the evaluation
it was observed, that in almost all of the sites where seedlirffgh® species Cuta were planted
natural regeneration of the same spesiwas present in a sufficieamount and a better shape than
the planted seedlings.

6.3 SECTIOR: REGENERATION IN LOM®IEAPSND SKHIRAILS

The purpose of this section of the study wasfittd out if the regeneration of commercial timber
species, in paitular of Cuta, Roble and Paquid6, in logging gaps anetraidigl is sufficient to justify
liberation of natural regeneration as a silvicultural treatmefithe findings of this study show that
tree regeneration in logging gapsid skidtrails is weightedtowards aggressive pioneer and other
fastgrowing lightwood species, the former of no economic value and the latter typically of low
timber value Similar findingsare shown by previous studies carried out in Boliviapicalforests.
Fredericksen, et al(2000) state that selective harvesting of commercial species leads to a
proportionate increase inseedlings of notommercial species. Two main factors seem tothme
reason for this change in forest composition. The loss of seed tfee@mmercial specieas mature
trees are removed from the stand, especiallyhdrvesting is carried out in advance of seed
production is oneof them. An additional factor responsible for regeneration problems is the
aggressiveolonization of clearinglsy noncommercial species

In thisassessmenit has been observed that the state and composition of the regeneration varied
significantly between forest types. In thiegh forest thereappearsto be sufficient regeneration of
commercially high valuabledge species to implement liberation treatmenBy the identification of
leading individuals in théogging gapt is shown, that without intervention light wooded pioneer
species which are not of commercial value for the company will take over the lead guccession

of the logging gap and the skidrails. As a large proportionof forest regenerationin selectively
logged forest willoccurin logging gap$ would result ina shift of species compositiofrom high
value speciegwith dense woodl towards lightwood (plywood grade specig¢s Thus leading to a
severe population declin®f certain high value timber specieslence, it is important toapply
silvicultural treatments to manipulate theatural successionVariousauthors (Fredericksen, et al.,
2000) (Fredericksen, et al., 20QXPariona, et al., 2013JMostacedo, et al., 1990j)ave pointed out

the necessity to control nonommergal species in logging gap&ccording toFredericksen, et al.
(2000)silvicultural treatments, sucasmechanical cleaning or herbicide treatmemisuld be applied

to control competing vegetatiorand accelerate the growth of commercial tree regeneration
Schwartz et al. (2013) are emphazising the adventages of tending naturally established
seedlings/saplings of commercial species in logging gaps in comparison to enrichment pleming.
tendingtreatment showed lower mortality rate, faster growth rate, aretjuired less liberation from
overstoreyplants and lianas than thenrichment planting Schwartz, et al., 2013)

In burned high forestJow forest andburned low forest the number of plots wenegenerationof
commerciallyhigh value timber species was found are relatively low. It might be too costly to find
enough individuals which can be supported to justify liberation treatmemisre it seems
appropriate to implement enrichment planting to secure the regeneration of roencial tree
species.

To guarantedhe regenerationof Cuta andPaquio in the FMUsufficient natural regeneration in at
least one forest type is found to justify liberation treatments. EspeciallyPaquig of which most
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regeneration was foundvere the samespecies was cut, liberation treatments could be organized
well, keeping the costliow. Liberation treatments could be applied were mature trees of this species
had beenharvested.The regeneration of Cuta could eadily supported by liberation treatrmnts in
almost all sites, making the costly enrichment planting of this species unnecessary.

The regeneration of Roble is a more delicate topike it had been showim other forests of Bolivia
alsoin this study the natural regeneration of Roble hagkh found extremely low and even absent in
many of thesites where trees of this species are harvestespecially in low forest where its density
of mature trees is naturally much higher than in the high forest, no regeneration was recdiiee.

is notenough natural rgenerationof this species to support its recruitment in loggigaps or skid
trials by liberation treatments To secure the regeneration of Roble CINMA might even consider
installingadditionalenrichment plantings in logging gaps.
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7 GONCLUSIOMSIDRECOMMENDATIONS

During this study a number of importafindings have been made about theegenerationof the

three studied species but it has also shown the need for further research in this d@aecure
sustainability in the managemenf the FMU of MIMA more knowledge has to be gained growth
patterns of the studied species. To be able to implement igbtcted silvicultural treatments it
would be importantto make further investigations abowsbil and vegetation types in the FMWith
sophisticated site maps, the company could implement differentiated management practices.
Neverthelessa few conclusiongor improvement of the management practicean be drawn from

this study. The results from section 1 reinforce the needtli@r discussion of longer cutting cycles
and harvesting intensity(possiby by changingthe minimum cutting diameters Considering the
different growth patterns of tree specieshe implementation of species specific MCD should be
implemented. A differentiatiorhas to be made in the management of faster growgieses and
species which showery low growth ratesAnother option to reduce the pressure on the few high
value species is to open up new markets for timber tree species which are currently not harvested
With the use of additional species the pressure on species like Cuta, Roble and Paquié could be
reduced significantlyThe high costs of prbarvesting activities (census and liana cutting) of the
applied management system do not allow companies likd\talkb reduce their harvesting volume
per hectare. The harvesting volume of the company wharkay consists of five different species
could include a higher number of species in the futir#legas et al. (2008) suggest thatBolivia

the number 0f20 species which arexploited for their timber today could be increased to 50 species
in the future. The results ofthis study show, that the process of opening up new markets for
unknown timber species is indispensable in the long term. Even during the seutiitd) cycle the
company will not be able to extract the same volume of the higlue timber speciesompared to
present harvesting interventions.

Nevertheless forest operators in Boliviawill not be able to applypostharvesting silvicultural
treatments to increase the number of valuable treeSilvicultural treatments have to b&rmly
anchoredin future management plans. Treatments have to be applied costeffective and species
specificmanner. It will not lead to asatisfactoryresult ifin one FMU all tree species are treated the
same way regallessof its growth patterns and respons® additional light.Several silvicultural
treatments are availabl@ositively affectinga better regeneration of the high value timber species
but also spporting the growth of the already existing stasdhich will serveas timberfor the next
two cutting cycles.

To secure enough regeneration of commercial timber speaiethe more distant future, different
managementools can be appliedin section 2 ad 3 it was shown, that for the application of the
different silvicultural treatments, a differentiation has to be made by species and forest type. Were
enough natural regeneration of commercial timber species is available, liberation treatments are
appropriate. Nevertheless,n areas like the studied burned forest were regeneration of commercial
tree species was very scarce, additional enrichment planting is indispensable to secaipadlist
yieldsin the future. Both treatments should be applisimultaneouslywithin the same management
area, tending available regeneration wherever possible, and planting species that are adapted to
local conditions whenever needed.

A few recommendations can be mader enrichment plantingFor the survival of theeedlings it is
of great importance that during the first two to three years competing vegetation is removed
regularly. Tadeterminethe intervals of theclearing it might be necessary to conduatther studies
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Neverthelessthe author is recommendingptcleanplantations in the undisturbed forest once a year
whereas in the other plantations were competing vegetation is much higher, it might be necessary to
remove competing vegetation twice per year.

Finally, it can be $@, that CINMA has to add additial silvicultural treatments in their management
scheme Additional silvicultural treatmentdike liberation of regeneration and enrichment ptarg

have to be installed in the permanent managemetdn. Aswith the selection of seed treepost
harvestingtreatments have to be applied oantire AAA For an adequate regeneration it is not
sufficient if treatments are only applied on trial basis, covering only fractions of the managed forest.
In order to identify the most costeffective methods of liberation, planting, cleaning etc. it is
necessary to conduct additional studies.

A bigchallengewith almost all silvicultural treatments is that they entail substantial investments that
will not pay financial dividess for many decaded.he bigger companies in Bolivia like CINMA would
be able and willing to invest in the forest regeneration if they could be certain that they will keep the
concessional rights over the next century. Hetds the task of thegovernmen to find adequate
agreements with the concessionaires whighl give them confidence to make investments on land
which is still owned by the statdJnfortunately, concessionaries iBolivia are still under legal
uncertainty. With the transformation of &l concessions in Bolivia int&pecial Temporary
Authorization (Autorizacion Transitoria Especial, ATE) in December 2010, the government increased
its control over the managemeriiut alsointimidated concessionaries in their investment planning.
When authorization is only given temporarily the companies are not likely to invest in additional
silvicultural treatments.
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9 APPENDICES

9.1 ANNEX: NATURAL REGENERATMOMHE-MU

FGURE: RESULTBROM THE FOREST MRKER¥FORTHEREGENERATION IN FHAU(COPIED FROMINMA,
2014)

ABUNDANCIA TOTAL POR CATEGORIA DE RN RESULTADOS PROMEDIOS POR HA

ESPECIE BRINZAL LATIZAL FUSTAL TOTAL | BRINZAL/ha | LATIZAL/ha | FUSTAL/ha | TOTAL/ha
AMARGO 1 0 8 9 10 0 3.2 13.20
CAMBARA MACHO 16 3 b 25 160 4.8 2.4 167.20
BIBOSI 2 0 1 3 20 0 0.4 20.40
BLANQUILLO 24 7 10 41 240 11.2 4 255.20
CAMBARA 20 4 3 27 200 6.4 1.2 207.60
CUTA 14 0 b 20 140 0 2.4 142.40
GUAYABOCHI 6 1 3 10 60 1.6 1.2 62.80
JICHITURIQUI p 0 5 7 20 0 2 22.00
MANICILLO 2 5 21 28 20 8 8.4 36.40
MARA 0 1 0 1 0 1.6 0 1.60
MARFIL 8 4 4 16 80 6.4 1.6 88.00
MURURE 29 8 23 60 290 12.8 9.2 312.00
NEGRILLO 19 4 5 28 190 6.4 2 198.40
NUI 79 27 66 172 790 43.2 26.4 859.60
PAQUIO 1 2 3 0 1.6 0.8 2.40
PICANA 7 1 5 13 70 1.6 2 73.60
PIRAQUINA 35 2 13 50 350 3.2 5.2 358.40
ROBLE 0 0 10 10 0 0 4 4.00
SAUCO BLANCO 1 2 9 12 10 3.2 3.6 16.80
OTRAS ESPECIES 626 203 396 1225 6260 324.8 158.4| 6743.20
TOTAL 891 273 596 1760 8910 436.8 238.4| 9585.20

The table above is showing the results of the forest inventory for the regeneration in the FMU. Listed
are all species which are currently harvested and which have a potential to be harvested in the
future. The abundance is shown in total (Abundancia Jatatin average per hectare (promedio

por ha). The regeneration wéisted in sizeclasses: Brinzak{50cn), Latiza(>=150cm, <10m)-ustal
(height>=10m, DBH < 20cmPrange underlined are the species which show a poor regeneration, in
blue species wich have regular regeneration and in green species which have good regeneration.
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9.2 ANNEX:ILLUSTRATIONS@HA A(APULEIAEIOCARRDA
HGURELO: ILLUSTRATIONS @¥TA SOURCEMILLEGAET AL 2008)
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9.3 ANNE’S: ILLUSTRATIONSRIBLEAMBURANA CEARENSIS
HGURELL: ILLUSTRATIONS REBLESOURCEMILLEGAET AL 2008)

Roble (Amburana cearensis)
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9.4 ANNEX: ILLUSTRATIONS®RQUIQHYMENAEA COURBARIL
HGURELZ: ILLUSTRATIONS PAQUIQ SOURCEMLLEGAET AL 2008)
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9.5 ANNEX:DISTRIBUTION BETPLOTS IN THAA20141, LOSCALAMBRES
HGUREL3: MAP OF THEDCATIORFFCTPLOTS IN THEAA20141, LOSCALAMBRES
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9.6 ANNE6: LOCATION dBNRICHMENT PLANTINGS
HGURHE.4: MAP OF THE LOCATIGNEIRICHMENT PLANTINGSHIN THEM ANAGEMENDNIT
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9.7 ANNEX:LOCATION ORAAFORREGENERATION STUDY
HGURHAS: MAP OF THE LOCATIGM®AAFOR REGENERATIONDSTU
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