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g 3{cGhﬂeY, K. 2000. Determination of an integrated set of principles, criteria, indicators and
5 verifiers for the evaluation of ecological sustainability of forest management in Costa
Rica. M.Sc. Thesis. CATIE. Turrialba, Costa Rica. p.116.
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. forest management, adaptive forest management, ecological sustainability, Costa Rica

ABSTRACT

. The evaluation of the sustainability of forest management is an integral measure in the

maintenance of production, and the ecological and socioeconomic functions of forest systems.
Evaluations can be achieved through the use of practical and scientifically founded sets of
prnciples, criteria, indicators and (in specific cases) verifiers (PCI&V). These sets of PCI&V
should be tested and validated through applicadon and practice, and count with the tools
necessary for their implementation (i.e. documentation on their justification, their conceptual
bases and guides for their application).

The research herein presented was carried out with the general objective of developing an
integrated set of site-specific PCI&V for the reliable and efficient evaluatdon of ecological
sustainability of forest management in Costa Rica. The process began with an initial set of
PCI&V comprised of elements from the Costa Rican national forest management standard
(CNCF 1999) and the CIFOR generic C&I template (CIFOR C&I Team 1999). The concept
of integration of elements from the two orginal sets of C&I was incorporated with the
objective of reaching a balance between aspects which define good forest management
practices, typical of the CNCF set (predominated by elements which evaluate forest
management inputs and processes), and aspects which monitor forest management impacts,
typical of the CIFOR set (predominated by elements which evaluate the rsuls of forest
management. The desired outcome was the determination of an integrated set of PCI&V
comprising elements for evaluating the inpusr (objects or intentions, Le. forest management
plan), processes (actions, ie. silvicultural treatments, timber extraction) and reswdts (state or
response of eco- or sodial system components to forest management, ie. state of regeneration)
of forest management.

The research process consisted of three phases of evaluation and participation by a multi-
disciplinary group of experts in forest ecology and management. The three phases included:
evaluations on the relative importance of the initial PCI&V; application, testing and evaluation
in the field and a final workshop with a larger group of experts for the revision and approval of
the results and recommendatons.

The strengths and weaknesses of the original, individual PCI&V were identified through this
research, as well as the strengths, weaknesses and gaps in the evaluated aspects of the CNCF
and CIFOR sets. Of the initial integrated set of PCI&V, 55% were recommend for the final
set, of these 86% were modified from their original wording before recommendation and 91%
require supplementary documentation for implementation and evaluation. Forty-five percent
of the initial elements were rejected for the following reasons: redundancy (17%), conceptual
weakness (17%), poor precision (17%), need for further sdentific development (17%) and
recommendation for incorporation into a proposed code of forest practices (33%). Based on
the recommended elements, an integrated set of PCI&V was developed for the evaluation of




ébedgical sustainability of managed forests in Costa Rica. The integrated set consists of 3
Pﬂn ciples, 5 criteria, 17 indicators and 10 verifiers. Of the 22 final C&I, 4 account for the

saluation of forest management inpuis, 13 are for evaluating the processes of forest management
and § are for evaluating the resufis of forest management and its impacts.

Gén'eml recommendations in regards to the current state of standard development in Costa
Rica included the need for an instructive manual for the implementation of the national PC&,
25 well as the need for an instructive manual or a national cwde of practices for the implementation
. of sustainable forest management practices. Throughout the process there was a clear
" jdentification of the need for the realistic distribution of institutional responsibilities for C&I
. implementation. In Costa Rica, distribution and designation of responsibility should include
- important actors such as forest operators, forest managers, regents, evaluators, research
" institations and the State Forestry Administration.



TVIchley, K. 2000. Determinacién de un conjunto integrado de principios, criterios,
. indicadotes v vetificadores para la evaluacion de la sostenibilidad ecolégica del ‘manejo
forestal en Costa Rica. Tesis M.Sc. CATIE. Turrialba, Costa Rica. p. 116

fﬁgbms claves: -estindares para €l manejo forestal, prncipios criterios indicadores y
' serificadores, manejo forestal adaptativo, sostenibilidad ecolégica, Costa Rica

RESUMEN

Hoy en dia la evaluacidén de la sostenibilidad del manejo forestal se considera elemental para
. asegurar el mantenimiento de la produccién y las funciones ecoldgicas y sodoeconémicas de
" los ecosisternas forestales. Esta evaluacion se puede lograr mediante la implementacién de un
conjuato de principios, criterios, indicadores y (en casos especificos) verificadores PCI&V)
pricticos y dentificamente bien fundamentados. El conjunto de PCI&V deben ser probados y
validados en la prictica y ademds deben contar con los instrumentos necesarios para su
implementacién, tales como: la documentacién de su justificacién, bases conceptuales y guias
de aplicacion.

Esta investigacidén contemplé el proceso para desarrollar un conjunto integrado de PCI&V
para la evaluacién confiable y eficiente de la sostenibilidad ecolégica del manejo forestal en las
zonas Notte y Atldntica de Costa Rica. El proceso totné cotho base los PCI&V relacionados a
la sostenibilidad ecolégica de la Comision Nacional de Cerificacién Forestal de Costa Rica
(CNCF) vy del Centro para la Investigacion Forestal Internacional (CIFOR). Se incorpotd el
aspecto de integracién de elementos de los dos entes con la meta de lograr un balance entre los
aspectos de la buena prictica que caracterizan los PC&I de la CNCF y los aspectos del
monitoreo de los resultados del manejo forestal que caracterizan los PCI&V del CIFOR.

La metodologia contemplé tres fases de evaluacién con la participacién de un grupo multi-
disciplinario de expertos en las dreas de manejo y ecologia forestal. Las tres fases abarcaron
una evaluacién de gabinete segin importanda relativa de cada elemento, la aplicacidn, prueba y
evaluacién en el campo del desempefio de los PCI&V, y un taller final con un grupo ampliado
de expertos pata la revisidn, discusién y consenso de los resultados.

Mediante este proceso, se identificaron las fortalezas y las debilidades de los estindares de Ia
CNCEF y del CIFOR, asi como de log PCI&V individuales. Al final del proceso, se recomendo
55% de los PCI&V inicialmente propuestos, de los cuales el 85% fueron modificados.
Cuarentidneo por cento de los PCI&V fueron rechazados por las razones siguientes:
redundandia (17%), debilidad conceptual (17%), baja precision (17%), necesidad de desarrollo
cientifico adictonal (17%) y recomendacidn de incorporacidn en un coddigo de pricticas (33%).
Con base en los PCI&V recomendados, se establed6 un conjunto integrado pata la evaluacion
de la sostenibilidad ecolégica de las operaciones forestales en las zonas Norte y Atlintca de
Costa Rica. Este conjunto consiste en tres prindipios, cinco cdteros, diecisiete indicadores y
diez verificadores. De los 22 criterios e indicadores (C&I) dentro del conjunto final, cuatro
evalian los insumos y trece evaltian los procesos del manejo forestal. Estos C&I se pueden
usar para determinar el cumplimiento de las operaciones de manejo con conceptos de buena
prictica. Los otros cinco C&l del conjunto Snal sirven para evaluar los resultados del manejo
v abarcan €l monitoreo de los impactos de las operaciones forestales.



Otro dspecto fmportante del proceso fue la asignacién de responsabilidad institucional para los
diferentes cOMpONENtEs de Ia evaluacion de la sostenibilidad ecoldgica mediante PCI&V. En
cuanto 2 la implementacién de un conjunto integrado de PCI&V que evaltian insu.mos
procesos ¥ resultados, queda claro que un aspecto fundamental es la asignacién realista de Iasj
sponsabilidades entre actores claves como el manejador de bosque, el operador forestal, el
y_-egente, las instituciones de investigacidn y el Estado. ’




Ovarthe last decade, as global awareness of the multiple benefits provided by forest

og}';gmms has increased while global forest coverage has continued to decrease, the

sﬁb:séqueﬂt demands for sustainability have resulted in varous initiatives to define guidelines
‘for sustainable forest management at global, regional, national and forest management unit
(FMU) levels (Higman e o/ 1999). These initiatives have led to the development of forest
e gement standards, considered important “tools” for promoting sustainable forest

_ ﬁiﬁnagement and effective means for monitoring and evaluating forest management practices
. (Lammerts van Bueren and Blom 1997). Such standards ate based on a hierarchical framework
of prindples, critera, indicators and in certain cases, verifiers (PCI&V) that aim to define the

elements and parameters of sustainable forest management.

Lamsmerts van Bueren and Blom (1997} define prindples as fundamental laws or rules which
s:éwe as a basis for reasoning and action. They are the objectives or attitudes concerning the
function of the forest ecosystem or related sodal systems. A criterion is defined as the state or
aspect of the eco- or social system, which should be in place as a result of adherence to a
principle. Crtenia create a link between the conceptual or transcendental nature of prindples
and the objective, assessable nature of indicators. Indicators can be interpreted as the
quantitative or qualitative parameters which can be assessed in relation to a critedon. They
describe in an objectively verifiable and unambiguous way, features of the ecosystem, the
related social systems or the prevailing policy and management conditions, indicating the state
of these components. Indicators are measurable parameters that simplify the evaluation
process by providing tangible information about specific components of the related forest
systems. Verifiers are the sources of information or reference values associated with specific
indicators. They provide descriptions of how an indicator should be measured in the field,
clarifying the way in which indicators are examined and how reference values are established.

(Lammerts van Bueren and Blom 1997).
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principle. Criteria create a link between the conceptual or transcendental nature of principles
and the objective, assessable nature of indicators. Indicators can be interpreted as the

: qQuantitative or qualitative parameters which can be assessed in relation to a crterion. They
 describe in an objectively verifiable and unambiguous way, features of the ecosystem, the

' related social systems or the prevailing policy and management conditions, indicating the state
of these components. Indicators are measurable parameters that simplify the evaluation
process by providing tangible information about specific components of the related forest
Systems. Verifiers are the sources of information or reference values associated with specific
indicators. They provide descriptions of how an indicator should be measured in the field,
clarifying the way in which indicators are examined and how reference values are established.

(Lammerts van Bueren and Blom 1997).




the framework of forest management standards, criteria define the desired state or

: "g'ct‘bzfzf.* forest system component while indicators define the parameters by which these

ratés'éf :aspc:cts can be assessed. Critera and indicators (C&I) are developed in accordance

< dlfferent attributes of the forest ecosystem or assodated social systems and can be

sslﬁed by these attributes. One system of classification, groups C&I according to attributes

assoclaﬂ-d with the inpass, processes and outcomes of forest magagement’.

C&I ';:}assiﬁed as input ot process take into account objects (e, the management plan), intentions
@.e. ;iiviCUlmml treatments planned in the management plan) or actions (Le. harvesting)
introduced into the eco- or social systems by human driven processes (Lammerts van Bueren

: md Blom 1997). C&I based on the widely-accepted Forest Stewardship Council (FSC)

: t;;indpies and criteria tend to be classified by #pur and process parameters which principally seek
~to reduce the impact of management operations on forest systems and define good
ﬁﬁanagernent practices, providing a means for determining conformity to predefined standards
- _': lléilssociatcd with the eco- or sodal system ('SC 1998). Input and process C&1 are often casy to

: éépiy, measure and evaluate, but they do not provide a direct measure of forest management

| impacts on the affected systems (J.ammerts van Bueren and Blom 1997; Prabhu e a/ 1999).

C&I characterized by outrome patameters, on the other hand, define the desired or actual results
of the management process and provide measures for the impacts of forest management on
the associated systems, Onzrame C&JI can be used to determine the state (1.e. habitat diversity) or
capacity of the system component (Le. change in nutdeat cycling) in respect to management
impacts, provide unambiguous information for ecosystem monitoring, and identify aspects of
the management system in which changes or improvements can be made within the context of
adaptive management (Lammerts van Bueren and Blom 1997; Prabhu ef . 1999).

Prabhu ef a/ (1999) suggest another way for classifying C&I in assodation with the “stresses”
that affect the “stafed” of forest systems and the “regponses” that these systems demonstrate.
Stress refers to the external factors, forces or stimuli applied 1o the eco- or social system that

can cause changes in the status of system components (1.e. silvicultural treatments). Stz is the

" In this document "Taput C&F” refer 10 Cael that are used 1o assess the inpurs associated with fbeest management, *Process C&I” refer to
those thar assess management processes and “Outcome C&I” refer to those thar evaluage the results of focese manAgemEIE practces.

b3




c o:ﬁ&ition or quality of the particular system component (i.e. status of decomposition-

ummtc}fdmg) regardless of the siresses thatactuponic Regponse is the humans or

YS tem related reaction to pressures or changes in the sfate of the system. (i.e. diversity of

lected groups:showno sigmificant-change) (Prabhu eral 1999).

'Making forest management adaptive

of :@m‘md process C&L which-define good management-pracdces: and often establish:
sredefined standards for reducing management impacts.® These types of C&I can be used as.
effecttv& tools for meeting the challenges of controlling the often destructive and wasteful
;g@e'of traditional forest harvesting activities that persist in many parts of the tropics today.
' Izgmfand process C&I are obviously, indispensable elements in the evaluadon of sustzinable
'forest management. However, the argument that forest management can not be suqtamable if
it 1s Dot adaptwe is very persuaswe (Howa.rd and Majid 1996; Rmson anci Flmn 2000) and:

| sustzumblhty assessments bascd only on inpuss and processes do not provide the mfos:matzqn

| nécessmy for management to be adaptive. Yet, when anfoomes and resulis are incorporated into
forest management standards through monitoring and evaluation, the associated C&I provide
important information for adaptive management, as welt as mechanisms for continuous
learning (Howard and Majid 1996). An integrated set of PCI&V that evaluates the inpuss,
processes and onteomes of forest managernent would provide the means to determine the actual
state of the system and the system responses to management impacts and subsequently, identify
stresses or aspects of management practices which can be adapted to reduce negative impacts

and promote sustainability.

Although capacity to implement monitoring in the neotropics is limited, the complexity of
tropical forest ecosystems results in a required move towards adaptive management over the
medium term (Minegan and Campos 2000). Adaptive management , defined by Baskerville
(1985) a5 “management with a built-in learning process [that] uses well-defined feedback loops
to design actions and track the effects resulting from actions”, provides a means for managing

dynarmic and complex forest systems through their facilitated understanding, determination of

* Sec the FSC's P&C {except for Principle & Menitordag) (1998), the [TTO C&J propased for tropical forests (1998}; for the neotropics in
particular see the” Taraporo Proposal C&JI {TCA 1993), the Lepatedque Process C&d (CCAD 1997) and the Cost Rican CNCF PCaI (1999).

Many of the forest management standards in developmentand practice today consist primarily




es to management impacts and identification of the negative impacts and errors

v tefn resp()nb
ma. .nagement practices. Adaptive management encourages a cognitive approach to

gement that does not restrict the “creativity” that is needed in order to deal effectively
wxr.h uncertainty and change, characteristic of tropical forests (Taylor 1996). Taking into

-accollﬂt the complexity and dynamics of natural ecosystems, Johnson (1999) states that “the

0\; erali goal of adaptive management is 00t to maintain an optimal condition of the resource,
bu.t to develop an optimal management capadity [that is used to] manage within a range of

: ‘acceptable outcomes while avoiding catastrophes and irreversible negative effects.” In the
'éévclopment of adaptive forest management, evaluation tools which assess forest management
_'i;zput.r processes and onfcomes as well as system stresses, states and responses become important

: :componems in the six basic steps of adaptive management identified by Taylor (1996):

- ‘assessment, design, implementation, monitoring, evaluation and adjustment of management

 activities (Figare 1).

PROBLEM ASSESSMENT
with stakeholder partcipation: define the problem, synthesize
current information, explore potential outeomes.

<~

DESIGN of
Management and Monitoring Plans
with provisions for reliable feedback on the cffecdvencss of planned
actions and determination of gaps in current stie of knowledge

IMPLEMENTATION of
Management aad Monitering Plans

EVALUATION:

Compare acrual cesuits of management againse the predicred results;
Investigate and interpret the reasons for differsnces.

~_

ADJUSTMENT:
Adfust practices, objectives and forccasting models to reflect
findings, conclusions and new understanding

Figure 1. Framework for adaptive management (adapted from Taylor 1996).




"""jj;x}elopment of forest management standards in the neotropics

ch Pfdgtess has been made in the development of forest management standards at regional

auonal levels in many tropical countres over the last ten years and most notably, there

emsto be a strong COMINON foundation for evaluating sustainability among different
processes (Castaficda 1999). This higher level development of foest management standards,
n&. Lheu: respective principles and criteria provide the bases for further development of
téﬂa indicators and verifiers (CI&V) on a local scale or FMU level in accordance with
:-.séeciﬁc site conditions (Lammerts van Bueren and Blom 1997). Site specific CI&V can be

;ed as tools for assessing the state of particular system conditions and determining the

_ sﬁs..tz.tlnablhty of forest management practices at local levels (Prabhu, e 2/, 1999).

' n Costa Rica, initiatives to create a forest management standard began in 1994. The national
et bf PC&I (CNCF 1999) was developed in cooperation with the public and private sectors,
y the National Commission for Forestry Certification and based on the forest management
'-”s't.zmda.rd defined by the Forest Stewardship Council (FSC). The national standard was created
.:w1th the hopes of establishing an accepted and applicable mechanism for natonwide
'measurement aad monitoring of forest management at the forest management unit level
(Campos and Miiller 1999). Also in 1994, the Center for International Forestry Research
.(CIF()R) began testing established sets of C&I in different test sites around the world. The
goal of testing was the development of a core set PC&I that could be used as the basis for

" measuring sustainable forest management world-wide and at different levels of application
(Prabhu ez af 1996). One of the general conclusions from CIFOR’s testing process was the
deficiency of local level ecological C&I. In response, an initiative was made to develop
improved C&I for assessing the conservation of biodiversity in forest management (Stork e/ a/
1997). "I'he resulting proposal of ecological CI&V was incorporated into the CIFOR generic
C&I template (the Generic C&I Template, CIFOR C&l Team, 1999).

12 Justification
Despite the initiatives and advances at regional, national and FMU levels in the development
of forest management standards, there is little experience or understanding of the process of

site specific C& development in the neotropics. Once developed, site specific C&I must also




sted..flﬂdr validated through practice and implementation, and count with the tools

ssat}" for their application, such as documentation on their justification and conceptual

base:s. and guides for their application. Currently there in Costa Rica, 2 guide for the
a‘i)é.l.i"c;ﬁon and analysis of C&l is in development, however no guide or protocol for C&J

P?hcmon existed at the time of this study nor did there exist forest-type specific C&J exist
thz:r::"h:ad been tested or validated in the field However, as a result of extensive rescarch over
___éfpést two decades by institutions such as the Tropical Agricultural Center for Research and
ngher Education (CATIE) and the Organizaton of Tropical Studies at La Selva Biological

" Research Station, a considerable amount of scientific and technical information exists on the

.. .gélc')gy and management of forests in the Northern and Atlantic zones of Costa Rica. "This
1formation can be used as the basis for developing, testing and justifying a site specific set of

1&V for the evaluation of the ecological sustainability of managed forests in the region.
101999, 2 group of researchers from the Tropical Agricultural Center for Research and Higher

.'PCI&V for the reliable and efficient evaluation of the ecological impacts of forest management
.m the Northern and Atlantic regions of Costa Rica and the Atlantic region of Nicaragua. The
forests in these areas represent valuable imber and non-timber forest resources, yet they are
under continuous pressure from traditional, destructive harvesting practices as well as demands
for land for settlement and agriculture. The CATTE/CIFOR process was developed with the

| objective of contdbuting to the assessment of the sustainability of forest management as a
means for assuring the maintenance of production and the ecological and socioeconomic
functions of these forest systems. Results from the process are expected to contribute,
furthermore, to advances in management capadcity in the region and to strengthen institutional
capacity in the control and monitoring of forestry operations. The CATIE/CIFOR initiative
tepresents one of the first neotropical initiatives to go beyond generic regional or national sets
of PC&I and focus on the application of a large quantity of scientific and technical information
in the development of site specific C& for the forests of a defined region. The present thesis
represents the realization of the Costa Rican aspect of this joint initiative. It signifies a
contribution to the definition of sustainable forest management in Costa Rica and provides a
Practical and scientifically-based tool for evaluating the ecological sustainability of forest
management in the country.

'Educat:ion (CATIL) and CIFOR initiated a process for the development of an integrated set of



..:.ﬁ'dicators developed by the Costa Rican National Commission for Forestry Certification

: :(CNCP) and by the Center for International Forestry Research (CIFOR) for the specific
:ase of evaluation of ecological sustainability in managed forests in the Northern and

Adantic zones of Costa Rica.

: :Compare the applicability, interpretability and efficiency of the CNCF elements versus the
| CIFOR elements for the evaluaton of ecological sustainability.

- Comparc the applicability, interpretability and cficicacy of imput and process clements versus
 onteome elements for the evaluation of ecological sustainability.

Compare the applicability, interpretability and efficiency of stress, state and response elements
for the evaluation of ecological sustainability.

Propose an integrated set of principles, criteria, indicators and verifiers for the evaluation
of ecological sustainability of forest management operations in Costa Rica, according to

the results of expert assessment and application in the field.




Hypotheses:
%nr_lptégfﬁmd set of input; process and ontrome PCI&V, based on ecosystem stress, state and

m;game, can be developed through the testing and selection of elements from the CNCF and
(:IFOR fotest management standards, that meet the needs of different stakeholders in the

_é’éémenr of the ecological impacts of forest management practices in the Northern and

\ tlzintic forests of Costa Rica .

fc_*ith respect to the current state of knowledge, there exists a difference in the applicability
;Qt_eq)zewbiﬁty and efficiency of input and process C1&V versus outzome CI&V for the evaluation

of ecological sustainability.
 With respect to the current state of knowledge, there exists a difference in the applicability

interpretability and efficiency of siress, state and response CI&V for the evaluation of ecological

- sustainability.




. LITERATURE REVIEW

. : _. ‘The General Framework
;oplcal forests are considered armong the most valuable ecosystems in the world —
coiogi cally, biologically, economically and socially. They are valued not only for their high

evels of biodiversity, but for their association and relation with the existence and preservation
_.;findigcnous and local cultures and for providing important environmental services such as
carbon sequestration, water and soil protection and climate regulation (WCMC 1992; Colfer ef
# 1997). Nonetheless, deforestation and forest degradation continue to occur in the tropics
(Puu et @l, 2000) and can result in potentially significant losses of biodiversity at local levels,
changes in nutrient cycling and other ecological processes at landscape levels and even climatic
. changes at regional and global levels (Noss 1990). In view of the inherent values of tropical
| forests and the persisting threats of deforestation, significant efforts have arisen over the last

 decade to curb destructive trends through the development, implementation, monitoting and

regulation of forest management practices (Prabhu ¢ al 1996, Castafieda 1999).

Forestry practices in the tropics today encompass varying intensities of management, ranging
from low impact natural forest management to high intensity logging, Forest management
immpacts and their effects on biodiversity depend largely on harvest intensity and the care taken
in planning and extraction as well as post-harvest interventions (Bawa and Seidler 1997; Johas
1997). At one extreme, forest management may sustainably produce an array of products and
favorably conserve the biological diversity of 2 managed area. Yet, at the other extreme
“unplanned management” may significantly alter the area, degrading ecosystem functions or
reducing the forest to a significantly simplified system. Ideally, forest management can be
carried out so that the associated anthropogenic disturbances mimic natural disturbances, thus

mimicking the natural processes that create and conserve biodiversity in tropical forests (Sayer
and Wegge 1991).

Efforts to conserve hiodiversity and reverse current tropical deforestation rates are primarily
focused on conservation, sustainable production, improved practices and more so recently, on
adaptive natural forest management (Johns 1997, Lindenmeyer ¢ 2 2000). The concept of
natural forest management (NFM) is continuously evolving, changing throughout history

according to changes in times and the needs of society. Traditionally, most forest managers



;(-.msidered NFM to be the “controlled and regulated harvest of timber spedies in natural
:'_:'rfgrests, combined with the use of various silvicultural and protective measurements to sustain
:::.:.'br increase the commerdial value of forest stands that return after the initial logging” (Johason
and Cabarle 1993). In the last decade NFM has broadened its focus from sustainable timber
production to incorporate the sustainability of ecological, social and economic functions. The
" International Tropical Timber Organization (ITTO) defines NFM as “the process of

5 managing permanent forest land to achieve one or more clearly specified objectives of

maﬂﬂgémem with regard to a continuous flow of desired forest products and setvices without
;;:nld‘ue reducton in its inherent values and future productivity and without undue undesirable
effects on the physical and soaal environment” (JTTO 1990). Recently, the concept of
;;&aptﬂbﬂif}’ has become more prominent in sustainable forest management, taking into
account the dynamism and complexity of the natural and human components of forest
systerns. Forest management becomes adaptive when it is part of a continuous learning
process that monitors the impacts of forest operations and activities, assesses the negative
impacts and incorporates the results and new information into the management system,

improving practices in subsequent management cycles (Baskerville 1985, Bormann ef ol 1995).

2.2.  Standards for Natural Forest Management

2.2.1 Basics of Forest Management Standards

Over the last decade many efforts have arsen to define and develop forest management
standards at global, regional, national and FMU levels that can be used to measure, monitor
and control forest management practices. Lammerts van Bueren and Blam (1997} have
developed a conceptual means for the formulaton of forest management standards based on
hierarchically placed principles, criteria, indicators and verifiers (see section 1.1.1 for
definitions). A standard can be considered as the overall goal that is translated through
principles and criteria, which are analyzed through the use of indicators and verifiers. ‘I'he
hierarchical framework suggested by Lammerts van Bueren and Blom (1997) aims to achieve
consistency both horizontally and vertically at the different levels of organization within and
between forest management standards. Horizontal consistency refers to parameters that do
oot ovetlap at the same level and vertical consistency refers to the correct placement of
parameters within different levels of the hierarchy. When this consistency is achieved

principles appear as “fundamental laws or rules” concerning the management process, criteria
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refer to the actual results or desired outcomes of the management process, and indicators are
quantitative or qualitative parameters which can be assessed using the information provided by
verifiers and describe specific features of the eco- and sodial systems. The goal for describing a
hierarchical framework is linked to the need for consistency within forest management

standards and comparability between them at the same and different levels of development,

In the different processes which have arisen at different levels to define forest management
standards, Higman ef 2/ (1999) have identfied two basic types of standards. The first type
guarantees acceptable minimum levels of performance by defining fixed levels and actions
which must be met in order for management to be considered sustainable. These types of
standards are known as “perfonmance standards”, Performance standards are evaluated on a
“pass/ fail” basis in which the system component evaluated either meets the set standard or
does not. Performance standards must be developed for each level of organization (regional,
natonal, FMU) according to level-specific conditions and thus cannot be developed on 2
global basis, fitting for all forest types or conditions. Most processes to date primarily
constitute performance standards (.e. FSC P&C and FSC based standards, ITTO C&J and
ITTQ based standards).

The second type of standard identified by Higman et af (1999) defines how to carry out the
processes that are believed to ensare consistent, sustainable performance but do not set
petformance levels which must be met. These are known as “process standards™. Process
standards are generally based on documented management systems which set objectives and
management goals and make a commitment to a process of continuing improvement. These
standards require that monitoring is carried out and that the resulting information is fed back
into the system. Through process standards a framework for controlling, maintaining and
improving performance is provided but there is no guarantee that certain levels of
performance will be met. It is important to note that performance and process standards are
not mutually exclusive and can complement eachother when combined in 2 practical, efficient

and applicable manner. (Figman ¢ 2/ 1999).

Monitoring is an important aspect in the evaluation of sustainability and thus, of forest

management standards. It involves repeated observations or inventories over time and space

11



< measure change and response of ecosystem components (Stork and Samways

dmﬁnCYcr ¢f af. 2000). Monitoring is generally oriented towards the goal of

?ﬁé&qﬂpg’é the response and behavior of key variables based on continuous observations so

gernent right be improved or so that precautions might be taken against early signs
_;_egg;i#e changes in the monitored system. In forest management, where sustainability is

y related to the vitality of the forest system and its levels of productivity, monitoring acts

;mechanjsm to note changes in the ecosystem that may require adjustments or corrections

o}le and Sayer 1995). Monitoring can be used to improve control of forest management

sictices and is often contemplated as an important component of standards for sustainable

c.J;:f;st:'managemeni* Many of the C&I that are based on ocutcome parameters can be used as a

eans for monitoring (see section 1.1.1 for definitions of outcome parameters). The

:mation that these C&I provide can be reincorporated or “fed back” into the system,

p ;;iding,a means for continued improvement in forest management (Lammerts van Bueren

and Blom 1997; Prabhu e 4/ 1999).

'2.2.2 Developments in Forest Management Standards

2.2.2.1 United Nations Conference on Environment and Development

_ 'I_Foliowing initial efforts for the development of forest management guidelines established by
CUITTO in 1990 (section 2.2.2.2), extended efforts have since been made at international,

: regional and sub-regional levels of organization for the development of forest management
standards. These efforts were greatly increased after the Barth Summit Meeting of the United
Nations Conference on Environment and Development (UNCED) held in Rio de Janciro,
Brazilin 1992. Among the conventions and treaties developed at UNCED, the Guiding
Principles on Forests was supported and endorsed by more than 170 countries. This
endorsement resulted in the first global consensus on forest policy. Agenda 21,a global plan
for action, was another product from UNCED and includes several chapters focused on the
sustainability of the world’s forests. Chapter 11 encompasses details on deforestation and
highlights the need for “the formulation of scientifically sound criteria and guidelines for the
management, conservation and sustainable development of all forest types” (Keating 1993).
Many different processes for the development of forest management standards have arisen at
international, regional and national levels since UNCED. Below are a few examples of these

processes and their development at different levels of organizaton.



22 International Initiatives

éfﬁiinterﬂational initatives for determining standards for forest management have been in
éib’pment over the last decade. These initiatives primarily attempt to define a series of basic

&Iﬂm are accepted and recognized on a global level which can be adapted to specific

Jitions at lower levels of organization (le. national, FMU). Below are four of the most-

: der recognized processes.

ﬁtéhmdonal Tropical Timber Organization

Thﬁ first widely recognized and published guidelines for sustainable forest management were

_Zdé\.r;:}oped by the International Tropical Timber Organization (ITTO) before the United
'ﬁ#ﬁons Conference on Environment and Development in 1990. Following the creation of
r_hcse guidelines, ITTO developed and published 2 set of C&I for measuring sustainable
jszéf;ical forest management for mernber countres in 1992, These were soon followed by
-"g{ﬁdelines for measuring sustainability in managed forest plantations and for measuring the
'Ebnservatl’on of hiological diversity in managed forests. Through the developmeat of the
ﬁﬁdd guidelines, TTTO provided a precedent for the creation of standards for sustainable

_ “forest management (ITTO 1992, ITTO 1998). Since the first set of guidelines was published
'in 1992, ITTO has reviewed and revised the initial C&I and published an updated set of seven
._: ' criteria and 66 indicators for the sustainable management of natural forests in the tropics,

. applicable at the national and FMU level. The revised I'TTO C&I set includes aspects of

management practices as well as biodiversity and community involvement ITTO 1999).

Currently, efforts are being made to adapt the FTTO C&I to national standards for member
couatries. The Colombian project for the application and evaluation of C&I for the
sustainable management of national forests is an example of the national level application of
ITT(rs C&l. In 1998, the project began a process of applying, evaluating and revising the
TTTO C&I in order to determine a national set of C&I for Colombia. The methodology
consisted of four phases which included (1) the revision and analysis of associated
documentation, (2) seminars, workshops and meetings, (3) field and office research and (4)
construction of a preliminary, national C&I set. The resulting set of C&I consists of 7 criteria
and 53 indicators which were accepted and adapted from the original ITTO set to fit national
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diﬁoﬂs in Colombia. These C&I are currently being applied in a pilot test in two regions of
olézﬁnbiﬂ as part of a validation phase, at the end of which the C&T will be revised again,
\ &e necessary and made into national law (Colombian Republic 1999).

"Fért‘st Stewardship Council

Th(, Forest Stewardship Coundl (FSC) is a2 non — governmental organization (INGO) that
&éﬁnes sustainable forest management through a generic standard of forestry principles and
eriteria. The FSC also accredits certification organizations, providing authenticity to their

. claims of certifiable forest management. To date, the FSC has accredited 6 certifying bodies
which include: the Forest Conservation Program of Sdentific Cerdfications Systems (US),

. Woodmatk of Soil Association (UK), QUALIFOR of SGS Forestry (UK), SmartWood of
 Rainforest Alliance (US), EKO of Skat (Netherlands) and IMO (Institut Fur Marktokologie)
(Higman ez af 2000). In 1996, the FSC published a set of P&C with the objective of
developing a globally accepted standard for voluntary forest certification as an incentive for
improving forest management. These P&C were developed at a general level to cover all
forest types and country conditions, with the intention that indicators would be developed at
regional or national levels according to site specifics. The FSC set of P&C emphasizes
minimization of the negative environmental impacts of forest operations, maximization of
social benefits and maintenance of managed areas in the most natural state possible (FSC
1999). This set of P&( focuses primarily on the operational aspects of forest management and
setting performance standards which should be met in order for forest management to be
sustainable (section 2.2.1). The significance of the FSC P&C and the associated accredited
certifiers includes their broad acceptance by environmental, consumer, and retail groups world-
wide (Higman e @/ 1999). Currently, there are many countries in the process of developing
national standards based on FSC P&C (ie.: Belgium, Sweden, Bolivia, Costa Rica).

IS0 14001

"The Iaternational Organization for Standardization developed a voluntary standard for the
certification of envifonmental management systems applicable in any country, published in
1996. 130 14001 emphasizes the management system and its use of monitoring, feedback, and
continuous improvement as well as the development of related policy. 18O 14001 sets

standards for the processes involved in management rather than setting performance standards
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Iegal requirements) (section 2.2.1). ‘L'his standard ensures that management

m lace and that they allow for continual improvement of environmental

" Some countries have taken the initiative to adapt the standards set by ISO 14001

oﬁ;ﬁent'Of‘ﬂ national standard for forest management; as is the case with the

Sﬁ'sfainablﬂ- forest management .standardmand_th&standmdpropos_ed_b.y the Ametican.
;mdPapef Assodation (AFPA) for forest management in the US-(Higman ef a/. 1999).

gmfb':ﬁccoumthat ISO 14001 is not spedific to forestry; a technical report. (IS0
o jReport 14061) was developed as a proposal for forest management. This report
POSEQ;GSMgBOth' the concepts of performance standards and process standards forthe-

opment of standards for forest management systems. The objective this technicat report -

explore an integration of performance standards which define specific objects. or levels
cat of FSC P&C and ITTO C&I) and process standards which define the tools and actions
éc_cséﬁixy for-achieving-sustainability (typical of 1SO14001) (Higman-ez al 1999).

enter for International Forestry. Research:
11996, the Certer for International Forestry Research (CIFOR) imitiated a process-for the-
e’ﬁ"éiopment of a generic.template of PCI&V which could be specified to fit local conditions.

‘With a group of independent; international muld-disciplinary teams, CIFOR tested over 1100
(&I fronr existing forest rmmgermentstarrdards, in (Germany; Indomesia; Cote d’ Ivoire,
Cameroos, Brazil and Austria. The goal of the CAT testing was the identifeation of 2 core set
:65 applicable, objective, relevant and cost-effective C&I for the measurement of sustainable

i forest management (Prabhu ef 2/, 1996, 1999). As part of their philosophy, CIFOR emphasizes
- the importance of evaluating the quality-of forest mmasragenent and: the impacts that

| management has on eco- and. social system_functions. as well as.identifying the areas where
practices can be improved when determining the sustainability of forest management. CIFOR
also proposes that adaptive approaches to management should be incorporated into forest
management, in consideration of the dynamic charactetistics of the natural and social
components of forest systems. Based on these philosophies the resulting generic C&J set
includes elements for evaluating human inputs and forest practices, as well as the state of eco-
and social systems and the impacts of managemeat, providing the means for identifying where
Management can be adapted or improved (Prabhu ef 4/ 1999, Soberdn ef 2l 2000).
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'i{egionai Initiatives

m;.pmcesses have also developed at the regional level. Thése efforts primarily propose to
: evelop a framework for assessing the state and sustainability of forest management in

oHaboraﬁng countries, Foﬂomg are three examples of regional processes and their recent

"'f_:fopmeﬂts

fﬁc Montreal Process

'I‘hg Montreal Process began in 1993 and involved non-European countries with extensions of
_ é%ﬁperate and boreal forests. The process initiated with the participation of ten countries and
. &ur:enﬂ}’ includes twelve countres (Argentina, Australia, Chile, China , Japan, Korea, Mexico,
:: New Zealand, Russia, Uruguay, USA) which account for 60% of the world’s forests, 90% of
'-."the world’s temperate and boreal fotests, 45% of the world trade in wood and wood products
.:ﬁnd 35% of the world’s population (Montieal Process Liaison Office (MPLO) 2000). The
Qb;ecuve of the Montreal Process is the development and international agreement of C&I for
'_:susminab}c management of boreal and temperate forests in non-Liuropean countrces. The

j_:'. ': process culminated with the signing of the Santiago Declaration in 1995 and the creation of

© non- bmdmg set of seven criteria and 67 indicators at the national level. These C&I were
intended to provide tools for characterizing the state of participating nations’ forests and for
producing information on changes in forest cover and use at the national level. The Montreal
Process C&l cover a wide range of issues that include indicators for production in the forest
sector, recreation and tourism, employment and community needs, property rights, levels of
public participatonin forest planning, economic incentives and institutional capacity for forest

monitoring and research (MPLO 2000).

Part of the Montreal Process philosophy is centeted on the idea that C&T are not static and
that they must be reviewed and refined over time in order to reflect changes in technology and
soclety and improvements in monitoring and measuring indicators (MPLO 2000). In order to
determine necessdry adjustinents in the origiddl C&l set, the Moritteal Process has stipported
national application and associated data collection. A progress report published in 2000
provides information on the current state of the Montreal Process C& application and
analysis. The report states that general data is currently being collected and reported for 68%
of the proposed indicators and detailed data for-39% of the indicators. Each country bas-
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ed ane 'nnple:mented the C&l under different conchnons some choosing to expand the
P :

rnatwﬂﬂl purposes as is the casé with Russia where more indicators were incorporated
o:e detmled reporting. In China, the Montreal Process C&T were used as a basis fora
'.'qet which includes eight criteria and 80 indicators. Other countries (Australia, Lanada

). ]_-g?ort the need for the development of sub-national indicators which is currently the

d of a Montreal Process Working Group. Despite differences in forest area and

ershlp as well as in sodial, economic and political conditons, all twelve countries are

mﬁﬁ{itted to applying the Montreal Process C&I according to the 2000 Progress Report.
Qﬁi&é}moxe, it is expected that implementation and contnuous monitoring of the C&J will
; wdc the information necessary to assess trends in national forest conditions and to adapt

'gbm} policies so that all countries involved will be able to move toward the sustainable
'amgemcnr of their forests (MPLO 2000).

Zﬂ;é Tarapoto Proposal

Tn 1995, the Taiapoto Proposal was dc¥cloped by the cight countrics comprising the Atazon
regon (Bolivia, Brazil, Colombia, Eeuador, Guyanz, Pery, Suriname and Venezuela). The
propos'd sought to establish common guidelines for forest management In the Amazon,
_lfmmnves were founded on desites to ensute continued wood production and e¢onomic
c_éévs:lopment-, within the boundaries of ecological sustainability, and on concerns for the

potcnuai threats caused by international timber import bans and tariff barders. The proposal

: towards sustainably managed forests at the national, global and FMU level (Crossley 1996).
The established C&] include aspects of maintaining pmductmty, blologmal diversity, ecological
| services, and sodo-economic bénefits. Analysis and evaldation of the proposed set of C&I is
curredtly uaderway in each of the participating countries to determine the relevance of the
proposed C&T in association with national conditions and capacities for imp'lementauon

Aftér compléetion of the country level évaluations, thé second meeting of the Tarapoto
Proposal is expected to take place in which the C&I will e reviewed, revised and adjusted

where necessary and then put into practice, converting the propmal into the Tarapotn Process
(Castatieds 1999; Firegan and Campos 2000).
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s es of Centrat America developed 2 proposed set of C&I for sustainable forest

emeﬂt with support from the Food and Agriculture Osganization (FAO) and the Central
can CounClI for Forests and Protected Areas thtough the Lepaterique Process in 1997,

"'-;écﬁv‘és included the formulation of regional and national C&J, as well as

gﬁméﬁd'ations for C&I implementation in each country according to ecological, economic,
zmd political conditions. C&I were proposed for managed forests as well as protected

ea._--:. and for different forest types including: high, fropical humid, and deciduous forests

srrales 1997). Since the creation of the inidally proposed C&I, a process of evaluation has

imitiated for C&I validation in the participating countries. Efforts have also been made to

e lop a proposal for FMU level C&I Upon completion of the validation process, the

opaééd' C&l will be revised and implemented on a regional level (Castafieda 1999).

4 Natienal Initiatives: the Case of Costa Rica

Thete cidst vaticd degtees of developinent in hational forest anagement standards and
subsequent certification initiatives around the world and in assodation with the processes

c_lé'scz:ibed above, In South America, Bolivia claims the most widely recognized and progressed

many countries have partaken in the pursuit of a regional standards system (mentioned above)
aﬁweﬂ as 4 regional certification scheme through the Central American Council for Forests

5 zmd Protected Ateas (CCBAP) which was created to teach consensus on regionally applicable

: C&I (de Camino and Alfaro 1997; Shima and Kobleats 1999) . At present in Central America,
'E-"Costa Rica has made the most progzess in the development and application of 2 national forest

:..'-ma‘nﬁg'eméﬁt standard (Campos and Miiller 1999).

- Initiatives began in 1994 to development a national forest management standard in Costa Rica,
led by the private forestry sector and directed by the Costa Rican Chiamber of Forestry, with
support from two intergational agencies. With the rise of 2 political movement airmned at
banning all forestry activities in natural forests, the private sector intdated a campaign to.

propost a system of control for the harvesting of timber. This systém of coatrol would
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qtee the sustained use of Costa Rican forest resources and could be used to strengthen

gévefﬂiﬂg bodiés of the forestry sector through control and monitoring of current and

futuﬂ’- fotestry activites (Watson 7 a/ 1998; Campos and Miller 1999).

: ﬁnpomnt result of the process inittated in 1994 was the decree of Forgstry Bill 7575,

Pubhshed in 1996, which provided for the development of new forestry initiatives and the
C;eauon of National Commission for Forestry Certification (CNCF). In Article 20 of the new
blﬂ, it was established that management in natural forests muist comply with an approved
standard for sustainable forest management The CNCF was formed in order to develop the
uauonai standard for forest management, as well as to monitor and supervise future
cgmﬁcanon bodies. Later that same year, the Commission drafted and designed the Costa

Rican forest management standard and guidelines for forest certification, based on the P&C

academnic institutions, environmental interests, NGO’s and the private sector participated in
the dévelopment process in which represcatation by all stakcholdets was of the utmost
"hnportance in order to achieve an equilibrium between the technical, ecologieal, soctal and

" economic aspects of forest management in Costa Rica (Campos and Miiller 1999),

In 1998, the national standard for forest management was approved and published under
executive decree (Watson ef 2/ 1998; Campos and Miiller 1999). ‘The Costa Rican national
standatd for forest management includes the 10 principles established by the FSC for natural
and plantation forest management, and an 11th principle which was published in 1999 for the
sustainable management of secondary forests. The implementation of the national standard
and the systerm for forestry certification dre expected to be strong tools in the improvement of
forest management practices in Costa Rica (Watson ¢ al 1998). A three-year trial period of
implementation and field applications began in 1999 in order to observe and analyze the
applicability and pertinence of the national set of PC&1. Upon completion of the tésting
period, updating of the national forest management standard is expected to produce an
efficient and applicable set of PC& that will not only irprove unsustainable management
practices and strengthen control and monitoring of foréstry operations, but will also gain
internatonal recognition and approval (Campos and Miller 1999).
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H daﬁrlg and Testing existing sets of C&I
vmus step in the process of C&I development, there should be a phase of validation,
: d 'L;e vision so that standards can be efficiently implemented at the aperational scale at

CoFor ganization. Considering the still relatively early development of most standards

ce&l ':s‘:éts, testing and application procésses are scarce or in early stages as well. The

Al aim of field testing and validation is generally to identify PC&I that are applicable,

evant and cost-efficient for the evaluation of sustainable forest management. Following are

o examples of carrent efforts to develop, test and validate sets of C&I.

orth | Armerican Test of C& of Susrainable ‘Forcstqr

The é;znte_r for International Forestry Research (CIFOR) began testing of their generic C&l
: plate: in 1998 as part of the CIFOR C&I Test Phase 2. One such test was carried out ia
Boise, Idaho in the U.8, The Boise Test examined over 400 C&I taken from the CIFOR
geneﬂc C&l template, the Canadian Coundl of Forest Ministers C&J for sustainable forest

- management in Canada, the Idaho Totest Practices Act local and regional indicatots and the

..: Greatc:r Fundy Ecosystern Guidelines developed for the Model Forest derived C&I (Woodley
" eta/ 1999). The methodology applied was 4 modification of that proposed by CIFOR for the
esting, selection and developinent of C& (Prabhu ¢ o/ 1999) and inclided fout stages of
'éﬁluation by a multi-disciplinary group of nine international expests in forestry, social

em

clences, policy and economics. At the end of each stage the evaluated C&J were either
.: rejected or modified and/or merged with othet eletnents and passed on to the next stage
(Woodley ef al. 1999).

The first stage included desk exerdises a0d ag initial evaluation of all the originat €&I. The
second stage counsisted of the inidal field work and an orientation workshop for discussion and
debate of the results from Stz.ge 1 after which the C&I were either rejected or merge& and
passed on the next stage. Stage 3 included detailed field evaluations of the rémaining C&I,
which wete then rejected, merged or passed on to the final stage. Stage 4 concluded with a
workshop attended by the initial group of experts phus 60 other experts in related fields, during
which the results from prévious phases were reviewed and evaluated (Wosdley ef a/ 1999).
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o al C&l, 207 were exarnined in detail and of these, 71 were accepted at the end of
The majorty of the recommended C&I were modified from their original wording,
than one third of the orginal (&I were combined to compeansate for redundancy and 65
ere rejected due to conceptual weakness, irrelevance or deemed impossible to use
erationally. The final set of C&l included 7 C 2nd 17 T of ecologicat emphasis, 5 C and 171
ocial émphasis, 4 Cand 171 of management emphasis and 1 C and 3 I of 2 general

hasis for overall forest management sustainability. Specific observations of the ecological
&{ﬁ&uded the recognition of limitations to the current understanding of ecosystem
functions. The test also demonstrated the lack of practical means for measuring the

ciated, complex ecological variables as well as the lack of supporting or explanatory
,cumentation to support the ecological bases of the these C&I1, Concern was also expressed
abéﬁi the high costs and time investments associated with ecological C&I. Noﬁetheless, the

| Péftance of ecological C&T was recognized as well as the relatively advanced development

ese forest management standard elements. (Woodley er 2/ 1999).

valuation of C&T in the Eastern:Amazon ) .
1998, a process was initiated in a joint effort by CIFOR and EMBRAPA (Brazilian

Agricultural Research Center in Eastern Amazon) to develop a monitoring system to be used
bv forest enterprises to auto- assess their management and for government institutions to
effectively audit such enterprises in the Eastern Amazon. The process used the CIFOR
generic C&T template as a starting point and adapted it according to local conditions in order
- to arrive at an original set of PCI&V to be tested by four different stakeholder groups. This
resulting set consisted of 5 principles, 15 criteria, 51 indicators and 114 verifiers which was
then evaluated by four different stakeholder groups with the objective of contributing to the
understanding of stakeholder views and degree of involvement in the development of forest
management standards. The stakeholder groups included (1) local managers, (:’2) local
actors(local inhabitants affected by forest management), (3) local government and (4)

tesearchers, (Pokorny #f af, in prep).

The methodology incorperated a preparation phase in which the participants were provided
with the necessary information for the testing, development and selection of a set of C&I for

monitoring forest management in the region. The second phase consisted primarily of a field




it ’oy each of the four stakeholder groups to evaluate the original set of PCI&V.

was very basic and served mostly for the obseryation of the FMU and

-a'noné on the applicabiliey of the original set. Detailed applications were not carried

e field test; the four groups individually-evaluated the original ser based on

tgg.-s ch as importance of content, clarity, value of information for evaluation purposes,

understanding and precision, among others. These evaluations were then discussed by

oups, identifying similadties and differences between each group and exarnining the
sibzllf}f for determining a consensus set of PCI&V based on agreement between all groups.

fu yshowcd that there exists 2 high degree of agreement about forest management issues
rween the involved stakeholder groups. Nonetheless, there were general difficulties for all
g’#’dups with the hierarchical system of C&I development. In specific association with the
cologgcai C&I, it was observed that there do not currently exist simple, effective methods for
phcmon which results in obvious difficulties in their evaluation, Furthermore, it was
oted that duc to the lack of sct thresholds and application mcthods, many ccological verificts
receﬁ.ved negative or poor evaluations results. Overall, the stidy concluded that there is

ential for the collaboration and pammmuoﬁ of different stakeholder groups in the process

¢ hierarchical structures of biodiversity at ecosystem and landscape, community, poputation
aﬂd genetic levels of organization. As part of their study, the indicators and verifiers proposed
'by Stork ez al. (1997) which served as the basis for the ecological elements of the CIFOR
f:.Genenc C&l template, were applied to the Plan Piloto Forestal in Quintana Roo, Mexico, a
certified community based forest management program. The application found that the Plan
.Pﬂoto Forestal is considered sustainable at the community and ecosystem levels, where most
of the indicators for landst:ape pattern, habitat structure, guild structure, taxic richness and
composition received acceptable evaluations. However, the project was not considered
sustainable at the population level due to management emphasis on mahogany (Swietenia
macroplyll). Tt should be noted that the majority of the verifiers proposed by Stork ¢ af (1997)

were evaluated only on a qualitative level and were not quantitatively assessed. The study




J that biodiversity indicators should be developed according to hierarchical levels of
dwe;s};t-y and the processes that links these levels with human activities and the economic

il functions of forest systems. (Soberdn & /. 2000).

Closing Comnents.

Sustaining natural tropical forests is crucial to sustainable development in the tropics. The
tainability of these forests is partially dependent upon improved and adaptive natural forest
maﬁ;;éément (NFM) practices and their proper implementation and evaluation,  With_the
development of objective, effective and cost-efficient forest management standards, the
ssential elements of sustainable forest management can be conceived, communicated,
""Plc:amented, assessed, monitored and modified. This process leading to the overall
daptability for forest management. Based on the CIFOR generic C&J termplate (CIFOR C&I
eam 1999), a set of CI&V has been proposed for the conditions of forest managernent units
_Costa Rica. Also, efforts in Costa Rica for the validation of a national standard for forest
_magcmcnt arc currently invested in the testing and revision of the original proposed sct of
PC&I Based on the integration of aspects from both of these efforts, the proposal to
“detetmine a practical and accepted set of PCI&V for the evaluation of the ecological

‘sustainability of forest management operations.in Costa Rica was.developed and gave tise to

'_the work described in the present thesis.




Nfateriais and methods

. PrdteSS applied for the determination of an integrated set of PCI&V comprised three -

< of research. and evaluation.’

 Initial evaluation: Phase 1

During Phase 1, the initial set of PCI&V was assessed by 2 multi-disciplinary group of experts.

"fdfést ecology and mﬂn&gement“. Three “home-base” desk evaluations were carried out in

.rder to make a preliminary assessment of the applicability, interpretability and efficiency of

e»"fé.:V and to determine their relative importance,

.11 Expert group
multi-disciplinary group of experts was incorporared into the evaluation process in order to

acilitate, as well as lead credibility, to the determination of an integrated sct of PCI&V.
At;;:ordipg to Mendoza e u/. (1999), _the s_t:_:ength of expert group evaluations depends on the
ev;erts’ combined kﬁoﬁiedgé and experience in the field of study. Seveh mdmduals weié
élg&ed to parﬁci{iate as .expert group members based on their ;}.rpufu:rtise in the fields of forest
:;,okogy and management and their extensive experience in the region of study. The-expert
group included a botanist from the National Institute of Biodiversity (INBio), a scientific
‘tesearcher with the Natural Forest Management Unit of CATIE, the manager and director of
Research and Development for FUNDECOR. (Foundation for the Development of the
‘Central Volcanic Chain), a public official for the National Systern of Conservation Areas
(SINAC), a functionary of the Tirimbina Rainforest Center and M.Sc. in wildlife biology, a

| - professor of Forest Management for more than 15 years with the Technology Institate of

| Costa Rica (I'1'CR) and a forestry engineer-and regent for the Osa Peninsula in the southwest

region of Costa Rica.

*The methodaligy used in this seseacch was based on modificatiogs of the methodalogy proposed by CIFOR for developing, testing aad.
selecting exiteria and indiearors far sustinable forest management (Prabla e 2f 1999).

* In this document, “initial ser of PCI&V™ refers 1o the odginal clements proposed from the CNCF forest management standacd (1999) aad
the CIFOR Genede CAd Temmplate (1999)
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Ex;éluafions of the proposed CI&V
ext group was provided with a list of the proposed PCI&V (Annex: Table 1A Tnitial
PCI&V) documentation regarding the development and phases of evaluation of the

. é}oﬁea and a draft manual which documents the justification and scientific bases for

gganal set of PCI&V (Delgado ez 4l in prep.). Revision of these documents provided the

gjéoup members with the background information necessary to complete the home-base

sl _e\;*%ilua:iozls (HBDESs).

alﬁ;ﬁon of the applicability, efficiency and interpretability of the proposed PCI&V, but also

means for familiarization with the proposed elements by the expert team members.
wéﬂnme,‘it should be emphasized that the resulting scores were not used to eliminate any

ent from the initially proposed set of PCI&V before evaluation in the field (section 3.3).

2.1 HBDE 1: assessmeent of insportant attributes and priority for further evaluation

1In the first HBDE, each indicator ot verifier was evaluated individually based on important

ttﬁﬁutes associated with the assessment of ecological sustainability in forest management
ofﬁéfations (Table 1 for sample form; for complete form see Annex: Table 2A Evaluation
Fonn 14). The 18V were first scored on a scale of 1 - 5 (very poor — very good) according to

theu: association with the assessment goal, applicability, effidency and range of response.

Based on the scores for these four important attributes, the evaluator then determined if the
ement was a “priority” or “not a prioity” for further consideration and evaluation through

field testing (section 3.3).

Table 1. Sample of Form la: Evaluation of 1&V attributes and priority for further evaluation.

‘Source: | No. of Class: Closely and Hasy 1o Provides a Adequate Important

CIFOR § I/Vin Mngt ambiguously deteet, summary of § response range [ aad therefore
Yoor source M) related to the § recordand | integradve to changes in selected as
CNCF doc. § Or assessment interpret? taeasure? levels of stress? §  “priority™?

- ' . Ecology goal? (1-5) (1-5) (1-5) 1- yes

(E) (1-5) 0- no
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e from each of the expert group members for the first HBDE were later tabulated to
= ::.e the average scores for each of the four attributes for each 1&V and the petcent of
oﬁtY for farther consideration and evaluaton assigned to each 1&V. The average attribute

rés indicated strengths and/or weaknesses according to the element’s applicability,

Gency, ra0ge of response and association to the assessment goal. Priority propottions were.
a cul;ifcd to deterrine the preliminary expert group assessment of the orginal elements which
houlti be included in the final set and which elements might be modified or excluded.

:9.2 HBDE 2 multi-criferia analysis through ranking and rating

- akmg into account the large number of elements to consider when evaluating-importance; an

evaluation tool known as multi-criteria analysis (MCA) was selected to facilitate this process.

falti-cdteria analysis (MCA) is defined by Mendoza ef 4/ (1999) as “a decision-making taol

eveloped for complex multi-criteria problems that include qualitative and/or quantitative
_s.p.écts of the problem in the decision-making process.” The MCA approach simplifies the
ctermination of order of importance which can become difficult in the frequently mixed scts
f qualitative and quantitative indicators (or verifiers) found under the same criteria (or
1_ri:&icator). MCA was also chosen for its capacity to incorporate each expert opinion into the
c.>;remll relative weight of importance of each I&V, which assisted in mitigating the difficulties

that often arise when atternpting to reach a general consensus in muld-disciplinary groups.

':;I'he methodology used for the second HBDE was based on the MCA techniques developed

- by CIFOR for selecting C&I (Mendoza & al. 1999). Relative importance was determined by

. considering the applicability, interpretability and effidency of each 1/V in relation to the other

. 1/V under the same C /1 and in relation to the C/I with which it is associated (for example: the
elements under CNCF C6.1 - 16.1.1,16.1.2 and 16.1.3 - were each evaluated according to their

| importance in association with each other as well as with C6.1). "I'wo MCA techniques were

applied in order to determine relative importance. The first technique was a “ranking” of the

elements in which each indicator under the same criterion (or, each V under the same I} was

ranked on a 9-point scale of importance in association with its respective criterion or indicator

(Table 2 for sample form; for complete form see Annex: Table 3A).
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ar:'.'rarﬂ'dﬂg was used which allows for two elements to be evaluated with equal ranks of

- nce and does not force the expert to choose between elements, Regular ranking

- c'i: ed the secutity that no element was eliminated due to forced decision making.

ting” was the second MCA technique applied. It required each expert to assign a rating or

czcentﬂge scote (0-100%) of importance to each element and indicate differences in their

gree of importance. A percentage score of importance was assigned to each indicator in

-elation to its respective criterion as well as in relation to the other indicators under the same
‘téﬁion (the same was done for each verifier under the same indicator). Each I under the
¢ C (or, V under the same I) received a score of importance between 0-100 so that the sum

Offg:&mes for all elements under the same C/1 is equal to 100,

able 2. Sample of Form 1b: Ranking & Rating of I associated with CNCF C6.1.

"P6,C61 ] Ranking! Rating? Relative Weights (filled out by results analyst) | REMARKS
"~ Tndicators Total =100 { Ranking Rating Overall
E.-x-.r ' '
16:1.2
G153

i1 Rank each T on a seale of importance Qom 19 where: | = wealdy impostat, 3 = less important, 5= modertely impoztant,
7 = ‘mare impormnt, 9 = extremely importaat. ? Rate each I with & % score 0f 1100 where the sum of 2t 1 under the same C = 100.
Upon completion of HBDE 2, individual scores from each expert were tabulated, then
.:'c'aiéLﬁaﬁons were made to determine the relative weight or “importance” attributed to each
“element within each sub-group of indicators and verifiers (Table 3). These scores indicated
which elements were preliminarily considered most important for inclusion in the final set of
'?CI&V, and which were initially considered Jess adequate and subsequently, allowed for the

elements to be placed in order of importance.

‘Table 3. Example spreadsheet and calculations for ranking & rating of I under CNCF (6.1

I Sum of Ranking Sum of Rating Relative Ranking | Relative Rating  § Combined Weight
Scores ‘ Scores Weight Weight
Calc. Sum Cale. Surm Cale. | Weight | Calc. § Weight | Cale. | Weight
611 FE+E+ [ W [EEr [ A | W/Z) [15= JGA/Dy J17 15+17 {16
LB o x1(0 =100 /2
612 fE+Ex+ | X | BB+ | B 1&/2) 125 ®/D) |25 25425 | 25
. DBy x100 x100 /2
613 YE+E+ | Y JE+E+ | C /D léo /D) 58 60+58 | 59
By ...Ey x100 x100 /2
- =7 =D T=100 T=100 = =100

"z - Ranldng or rating assigaed by Expert 1,2, .. ** - Arbitrary numbers to show example calculations.




DE 3: designating responsibility for the assessment of sustainability
.4 UBDE was utilized to designate institutional responsibility for the application of
'gﬁbsets of 1&V (Annex: Table 4A Evaluation Form 1C). Subsets of indicators and
o \;{;ére identified by each criterion associated with a group of indicators (CNCF C6.1,

6. 4 7.1, C81), or by each indicator assodiated with a group of verifiers (CIFOR

izj_ﬁ,_CII?OR’ 1-4). Expart team members indicated whether the forest manager or

other entity should be responsible for the evaluation of each sub-group of 1&V and
ov!ded suggestions when “other entity” was indicated. This line of assessment was intended
ﬁé’&ate which aspects of the CI&V set should be carried out by forest managers and

Coﬂsﬁe;rcd essential for the successfully fulfillment theirduties and obligations, and which

ements would require cooperation from other entity(s) for measurement and assessment.

' L3 Integrating and analyzing the initial evaluation results

The results from each of the HBDEs were tabulated, analyzed and consolidated for
rescntation to the cxpert group before the ficld test, duting the second phase of evaluation

section 3.2). Elements receiving high scores were generally considered to be strong candidates

of‘the final set of PCI&V, Those elements which received low scores were considered to be
: ﬁ;ﬁ'dequate in at least one aspect of applicability, interpretability and efficiency and were

i:fought to the attention of the experts for specific examination in the field test and careful

_consideration in group discussions.

32 Field application and evaluation: Phase 2

321 Site selection and field preparations

- During Phase 2 members of the research group (K. McGinley, D. Delgado) carried out a

. preliminary field application of the I&V according to the methodologies proposed by CATIE

~ for the evaluation of ecological sustainability through C&I (Delgado, e# 4/, in prep.). Following
preparations for the field application exercise which included the development of 2 framework
for sampling and field activities and the respective field forms for data collection (Annex: Field
forms, see section 4.2.1 for sampling framework), a test site was selected based on
characteristics such as forest composition, accessibility, FMU size, a legally approved forest

management plan, and association with the Foundation for the Development of the Central



i Mountain Chain (FUNDECOR), 2 local organization dedicated to forest
gement and certified by SGS under the group certification scheme (FUNDECOR 2000).

1gf1f selected, owned by RAMAREMASEPRO LMTDA, is located in Sarapiqui, in the

: ce of Heredia, in the Northern Zone of Costa Rica. It lies at an average elevation of 600
. sea level. The total area comprises 262.7 ha of previously undisturbed primary forest,
'hicl; 127.9 ha ate titled as area for conservation and 134.8 ha as area for management.

ﬁle management area, 70.4 ha are under effective management and 64.4 ha are

cribed and conserved as atea for protection purposes.

frer site selection, field exercises for the applicaton of I&V from the initial set of PCI&V
ré carried out by members of the research group. During these field exercises, the
resp_é;ﬁve sampling plots and transects were established and the corresponding data was
collected. According to observations made in the practice application, all feld forms and the
franiéworks for sampling and field activities were modified where necessary before the field

st.éarned out by the expert group {(section 3.2.2).

3.2.2 Field test and evaluations

[he second part of Phase 2 served as a platform for the testing and evaluation of the proposed
PCI&V, both in the field and in discussion, by the group of experts. This phase functioned as
a ;ﬁitex” for the orginal PCI&V, through which each element was either recommended,
evised or rejected according to its performance in the field test and observations made during
group discussions. The field evaluations constituted an interdisciplimary implementation of the
I&V in order to assess their performance and applicability in the field. The group discussions,
rovided a- means for interdisciplinary discourse on the practicality and efficiency of the

‘elements tested.

Phase 2 was organized as a “workshop” in which the expert group-nietnbeérs spent 4 days.

- located near the test site to facilitate field work and group-interactions. The workshop opened
with 2 discussion on the activities ta be carried out and a presentation of the results from
Phase 1. These results were presented in.order to indicate the elements. of particular

consideration due to high or low scores associated with relative importance, priority for-further



oﬁsx'dﬁrﬁ tion and evaluation, and the four attributes originally evaluated {section 3.1). The

g;OUP was then divided into two — three person task-oriented teams which would be

sp . gsxble for the evaluation of specific elements associated with their area of expertise,

teld evaluauons of the I&V consisted of actual applications using the methodologies

'sfed by CATIE (Delgado ¢t 4/ in prep.). Each task-oriented teamn carried out the field
érases associated with their assigned subset of CI&V, utilizing the field forms prepated in
- frst part of Phase 2 for actual data collection (Annex: Field Forms) and noting specific

ervations associated with each element and its application. During the days dedicated to

eld work, group discussions were leld both in the field as well as at home base to review the
ents associated with the field test and allow the entire group to discuss possible

"c'éihmendations for each element.

pan completion of the field work, each expert team evaluated their subset of I&V according

to nine important attributes concerning the applicability, interpretability and efficiency of the

féiéfﬁents tested (Table 4 for attribute description; for complete form see Anaex: Table 5A
Eﬁialuation Form 2). Before recording their final recommendations, each team presented the
experiences and perspectives associated with the evaluation of their sub-group of I&V and a
final group discussion was held to approach group agreement on the individual team
ée;tommendations. Final team decisions were then made for the recommendation,

: modification (and subsequent recommendation} or rejecton of each element in their subset of
:’:I&V These final decisions or “recommendations” becarme the basis for the newly proposed,
mtegmted set of CI&V for the evaluation of ecological sustainability of forest management

“operations in the Northern and Atlantic zones of Costa Rica (section 4.6).

: Table 4. Important C&I attributes and their descriptions, as defined by CIFOR (1999).

ATTRIBUTES i DESCRIPTION
Relevance ‘ Cé&d should be “relevant” to the issues that define SFM
Closely and unambiguously related | Each I must be dixectly related to a C, each C must be directly related
logically to the assessmentgoal | toa P, oll P have SEM as their goal. PC&I fit into a hierarchical
; framework with horzontal and vertical consistency
Precisely defined Simple and unambiguous wording in the definition of C&I
Diagnostically specific ‘ ! should provide information that allows direct interpretation
Easy to detect, record aad interpret | Ishould be selected i such 2 way as to result in minimal additional
costs and contribute to cost-effectiveness
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Reliability Technigues for measuring C&:1 should be reliable and replicable
e esponse fanlge to changes C&J should be defined so that provide meaningful gradual change in
qﬂﬂ?:._;.b EESJ eress on FM, eco- or response to system changes. A useful indicator will provide

el social systems meanngfl informaton over a widg.ranée.of changes in the system.
~ summary or integrative  § When possible, a single I will relate a quantity of information in

-;-3 aver space &/or time relaton to the system and tend towards cost-effectiveness
Appealing to-users | Those who apply C8J-will aceept:them. as-important; practical;-

; legitimate measures

Final workshop: Phase 3

d and final phase took place after analysis and review of the results from the first two
hﬁses_ of evaluation. A final workshop and meeting of experts was held with members of the
ojx_:igm:d-cxpm group, as well as other experts in forest ecology, management and policy. The
rkshop opened with a presentation and discussion of the results and observations of the
ngm al set of PCI&V from the first three phases of evaluation. Gaps in the C&I sets,

etected by the rescarch group after reviewing the recommended elements from Phase 2, were
ﬁi;é é’xesented and discussed, and ways in which to fill them were suggested. The workshop
also served to evaluate and discuss the distdbution of institutional responsibility for C&I
nplementation which was classified by the aspects of (1) data and information collection, (2)
data processing and management and (3) data interpretation (Table 5 for sample formm; for
comp lete form see Annex: Table 6A Evaluadon Form 3). Evaluation results for institutional
re ?OﬂSibﬂitY were analyzed and incorporated into the recommendations for the application

and implementation of newly proposed, integrated set of PCI&V.

Table 5. Sample of Form 3: Assignment of Institutional Responsibility for C&1 Application

- COLLECTION I PROCESSING INTERPRETATION

CNCF Op|M|O]S|R|CIR|[Op|M|O|S|R|CJRI[Op|M]|O|S|R|C|IR

CEL 5 ' ' 1 ;

S ERN | 3 1 3 11 1
621§ 2| 1 2 1 1 2
623§ 2 1 3 1 G

* Whete 1 = pdmaey institutional responsibility and 2 = secondary insttutional responsibility. Instinstions assigned responsibility ase: Op =

Forest operator/technician, M = Forest manzger, O = Forest owner/producer, 5 = Stte Forestry Administration, R = Regent, C =
Certifier/Evalimeor, RI = Research institutions; asd the aspects of C&I applicadon are: Collection = data or information collection,
- Processing = infoemation management {data entry and management through preparation and presentation of data results), Tnterpretadon =

detesmination of teadendics over time, comparison with refecence or previows dats and judgment of generl stute of management.
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RESULTS AND DISCUSSION

nitial evaluation results

+s from Phase 1 served to indicate the original elements preliminarily considered the most
sf adequate for the final, proposed set of PCI&YV for the evaluation of ecological

ability, based on overall scores of relative importance (RI), pHority for further

demﬁon and evaluation, and overall scores for their important attributes. All results from

1?ha’sé 1 HBDE: are displayed in the Annex — Table 7A HBDE Results.

‘Scores for imnportant attributes, priority for further evaluation and relative
.importance for initial PCI&V

E__;;mnpl.és of the highest scoring CNCF elements include: 16.3.3 “The rate of forest products
rested does not exceed the rate of resource growth™ under P6: Management Impact; 17.1.4
“The path of primary roads, trees to be extracted and parent trees are shown and clearly

_kéd in the field” under P7: Management Plan; and 18.1.3 “Parent trees, rare, banned and
@gued species are marked as AP. Their location in the field and their numbering
c_o_n::éspond with their identification on the map” under P8: Monitoring and Fvaluaton. Each
E .I,;}IIICSC indicators received the highest overall score of relative importance for their sub-group

of indicators, as well as high scores of priority for further consideration and evaluation (= 0.71)

and,ﬁverage to above-average attribute scotes (2 3) and were preliminarily considered most
_adequate for the final set of PCI&V.

der CNCF criterion 6.1 “Forest management seeks to reduce the impact on the structure

and composition of the forest, hydric erosion of the soil, water contamination due to erosion

and sedimentation of natural drainage systems™ both 16.1.2 “The managemment plan describes
the means for controlling impacts and these are applied in the field” and 16.1.3 “Before
_hﬁrvesting there is an assessment of the potential impacts oa run-off, soil and water that has
been signed by the regent” received almost equally high scores of relative importance (40, 42).
Flowever, 16.1.2 received higher attribute scores(all = 4) than 16.1.3 which was given a low
score (2) for being easy to record and interpret. Under CNCF €6.2 “Rare, threatened and
endangered tree species are protected as well as their habitats. Hunting, capturing and

collecting floral and fauna species is controlled”, measurements for protecting rare, threatened



dangered species, as well as the characteristics of their habitats as described in 16.2.1

were ,_;bnsidered meore important (RI = 61) than measurements to control hunting, capture and

Héﬁﬁon of plant and animal species as described by 16.2.2 (RI = 39). Under C6.3

Ia:ﬁ:'agement should onent itself towards the maintenance of ecological functions of the

forest ccosystem. These include: a. Natural regencration and succession b. Sufficient genctic

dwcrslty to maintain the production system. c. Natural processes that affect the productivity
of the forest ecosystem. d. The functions and processes of the natural drainage system” the
xa;ngﬂ of scotes for relative importance was relatively small (6-1 3} for all 12 indicators and
everal indicators received equal scores. The only exception was 16.3.10 “Dead standing and
f;lien trees can be harvested if it is technically justified that their removal does not negatively
:.:f:f.'ect the ecological functions of the forest” with a score for RI = 3. Similar tendencies were
'._f;ﬁnd for the sub-indicators under 17.1.2 which desecribes the contents of the management
plaﬂ The range of scares for relative importance for all nine sub-indicators was 8-18 and as
“with the indicators under C6.3, several sub-indicators received equal scores for importance.

- Small ranges in scores of relative importance were interpreted to indicate elements of relatively
‘equal importance. However, it should be noted, that when large groups of elements are

. '.assessed for relative importance the ability to designate large differences of importance

berween elements decreases,

The lowest scoring CNCF elements and subsequently, considered the least adequate for
inclusion in the final set of PCI&V included: 16.1.1 “The management plan establishes
agreement to maintain impacts within the limits mentioned under this principle”; 17.1.1 “The
structure of the management plan includes a general plan and operational plans™; and 18.1.2
“Those in positions of responsibility must keep regency reports available with the certificates
of receipt from the AFE. (State Forestry Administration).” Fach of these elements received

the lowest overall scor of relative importance in their sub-group of indicators, and low scores

of prority for further consideration and evaluation (S 0.57). 16.1.1 received the lowest
attribute score (2) for #ts sensitivity to stress, while 17.1.1 and 18.1.2 did not receive notably low

scores for any of the four important attributes (all > 3).
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les of the CIFOR elements which received the highest scores include: V2. 1.21 ”I’he o
e al structure of the forest is maintained within natural variation” and all three of the
- fiers under 12.1.3 “Community structure of distinet guilds do not show significant c:h.anges

" the representation of especially sensitive guilds, pollinator and disperser gullds™ V2121
ceiv ed average to above average attribute scores (2 3), the highest overall score for relative
portﬁncﬂ within its sub-group of verifiers and was unanimously considered a priority for
further consideration and evahution (1.0). V2.1.5.3 “The age structure or tree size structure

oes not show significant changes in comparison with undisturbed forests” also received a

._ m.uch higher score of relative importance (62) in compatison to the other verifier found under

_Lhe same indicator (V2.1.5.4 “The rates of population growth do not show significant changes

in comparison with undisturbed forests’ 7.

.El‘he three verifiers evaluated under 12.1,3 received almost equal scores of relative importance
2 (33, 33.5, 33.5), indicating they were considered to be equally important. They also received
high scores of priodity for further conmderamon and evaluation (= 0.71) and received average
- to above-average attnbute scores (= 3) with the exception of a low score for ease of detection
and register (2). Similarly, the scores of relative importance for the four verifiers under 12.1.4
“The richness/divessity of selected groups show no significant change” demonstrated a very
small range (20-31) and were interpreted to be of relatively equal importance.

The CIFOR elements receiving the lowest scores were V2.1.2.7 “The distribution of above-
ground biomass does not show significant changes with respect to the non-hatvested forest”,;
V2.15.4 “The rates of population growth do not show significant changes in comparison with
undisturbed forests” and V2.1.6..2 “The state of decomposition of all dead wood does not
show significant changes in comparison with the undisturbed forest” All three verifiers
received the lowest score for relative importance in their sub-group and were not considered
easy to detect or register with a score of 2. Both V2.1.2.7 and V2.1.6.2 received low scores of

priority (0.50, 0.29), however V2.1.5.4 received a relatively high score of priority for further

consideration and evaluation (0.71).
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- into account the overall wends in scoring, it is interesting to note that all of the CNCF
s were considered average to above-average (2 3) in respect to all four attributes, with

cxcé?don of three indicators which received one below-average score (2) for one attribute.

“«The management plan establishes agreement to maintain impacts within the limits

entioned under this principle” received a score of 2 for its sensitivity to stress, 16.1.3 “Before

esting there is an assessment of the potendal impacts on run-off, soil and water that has

o - . . . . . .
en signed by the regent” received a score of 2 in association with the ease of recording and

tefPrﬂﬁﬂg and sub-indicator 7.1.3e “Viable alternatives for the commercialization of timber
d respective market prices ate indicated” received a score of 2 for its relation to the
assessment goal. On the other hand, the CIFOR elements generally ranked somewhat lower
(avemgf’-‘ = 3) in regards to the attributes assessed, with the exception of their relation to the
assessment goal, for which 75% of the elements assessed were ranked above-average (4). In
ge'_;eral, the attribute scores indicated that the CIFOR elernents were considered more difficult

o apply and assess, with more than one-third of the CIFOR elements receiving below-average

c_:_ércs (2) for the auribute associated with their ease for detection and register. Overall, it was
interpreted that the CIFOR elements were considered to be closely related to the assessment
-Z'géair but difficult to use and interpret. Nonetheless, there was not a matked difference in the

- range and frequency of scores of priority for further evaluation between the CNCF and
CIFOR sets, indicating that although the experts may not have considered the CIFOR
::élements as effective as the CNCF elements in regards to three of the four attributes assessed
L . (the exception being relation to the assessment goal), they were not inclined to reject them any
more than the higher scoring CNCF elements, before evaluation in the field.

Furthermore, in regards to the overall tendencies in the HBDE results, it was noted that there
was a general level of concordance in the order of elements derived from relative importance
and priority for further consideration and evaluation, indicating a general, direct relation
between priority for further evaluation and relative importance . However, it should be noted

that when larger subsets were considered (i.e. sub-group of indicators under C6.3, sub-group

of sub-indicators under 16.3.11), the scores for relative importance and priority for further

evaluation were less congruent for the lower scoring elements, attributable to the increase in

difficulty when evaluating larger and more detailed subsets of elements and in subjectivity

when evaluating elements considered less important.  Variability among the experts’




glﬁatioﬂs was also examined using the mean, standard deviadon (SD) and coefficient of
.. ation (CV) of the ranking and rating scores of importance (Table 6). These statistics
dicate when there is higher (Jower 8Ds and CVs, ex. 16.2.1, V2.1.2.2) and lower (higher SDs

CVs, ex. 16.3.11a, V2.1.27) consensus among the experts in their assessments of the I&V.

o ?cgﬂds ro the overall results, it should also be noted that the CVs for rating were generaily
Eighex than the CVs for ranking. This can be attributed to the fact that rating was more
subjective due to the determination of a percentage score (1-100) of importance by each expert
- which could indicate similar orders of irnportance but demonstrate differences between the
.i.ndiv:idual scores assigned to each element, resulting in higher coefficients of varation among

: Lhe expert evaluations. Ranking, on the other hand, was associated with descriptive degrees of
ﬁnpormﬁce (Table 2) and thus lent to less subjecdvity and lower CVs. Nonetheless, although
:::fadng may result in increased variation, it is still considered an important tool for its capacity to
'..datect the degree of difference in importance assigned to grouped elements, which is not

: provided for by simple ranking.

The average ranking and rating scores from the summary statistics ¢an also be used to
determine consistency in racking and ranking of each 1&V by comparing the order of
importance derived from rating and the order of importance derived from ranking in the sub-
sets of elements evaluated. In general, the experts were very consistent in the ranks and rates
assigned to each element, however, as stated above, consistency decreases somewhat when

larger sub-sets of elements are compared. Yet perhaps most important to note is that a main

objective for the selection of these MCA techniques was based on their capacity to incorporate
each expert’s opinion into an overall score of importance, considering the differences in opinion

common to muld-disciplinary groups (Mendoza ¢f ¢/ 1999).
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bieé. Summary statistics for the ranking and rating of the initial I&V (n = 9).
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Designation of institutional responsibility for groups of I&V
i?ﬁasc 1, designation of responsibility associated with C&I application was also
d (see final column in Table 7A in Annex). The scores from this evaluation indicated

e the CNCF elements assodated with the inpuss and processes of forest management were
¢s1gnated as the responsibility of the forest manager, it is noted that the group of indicators
éSéociated with the monitoring and evaluating the ostomres and results of forest management
were designated as the responsibility of another endty other than the forest manager. The same
'énders.cy was found with the CIFOR elements in which the verifiers identified by 12.1.1;
‘Landscape pattern is maintained” and 12.1.2; “Change in diversity of habitat as a result of
ﬁuman interventions are maintained within crtical limits as defined by natural variation and/or
_'fegional conservation objectives” were designated as the responsibility of the forest manager

: .by the majority (60%) of the experts questoned. Although these elements are based on forest
management results, they are closely related to the actual activities and responsibilities
commonly carried out by the forest manager. The remaining four groups of CIFOR verifiers
were not designated as the forest manager’s responsibility by 60% of the experts or more and
were suggested to be the responsibility of the State Forestry Administration, certifying bodies
or research institutions. The four groups were identified by the indicators 2.1.3 “Cornmunity
structure of distinct guilds do not show significant changes in the representation of especially
sensitive guilds, pollinator and disperser guilds”; 2.1.4 “The richness/diversity of selected
groups show no significant change™; 2.1.5 “Population sizes and demographic structures of
selected species do not show significant change and demographically and ecologically critical
life-cycle stages continue to be presented.”; and 2.1.6 “The status of decomposition and

nutrient cycling shows no significant change” The four CIFOR’ groups (Finegan ez a/. 1999)
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stirutions, certifiers and research institutions,

Field application and evaluation results

'4,2.1 Field preparations

30m

ore also designated as the responsibility of the SFA and certification bodies. Overall, results
_om this evaluation demonstrated that C&I associated with forest management igpuss and
P}%}cme,r are considered to be appropriately designated to the forest manager for
mplementation and interpretation, whereas implementing and evaluating C&] assodiated with

- purcomes of forest management require support from other entities such as state forestry

The second phase of evaluation commenced with the application of the initial CI&V in the

.ﬁeid, development of field forms and a framework for feld activides, plot establishment and

related data collection. Figure 2 displays the sampling plot network that was developed for the

application of particular I&V based on the methodologies proposed by CATIE (Delgado ¢ af,
in prep.) Field forms and data results can be seen in the Annex ~ Field Application Results.

Srn

10 @4

Vi
4

y/d
wifyL

® Transects (center, sides of 30x100m plot)

Mammal abundance, activity (V2.1.3.6)

Butterfly groups (V2.1.4.3)

Dung beetle diversity (V2.1.4.37)*

*S — indicates Seansharinas

s 30x108m Plot

Decomposition and dead wood (V2.1.2.8,
V2.16.1,V2162,V21.63)

Above-ground biomass (V2.1.2.7)

Tree sp, from different regeneration puilds
(Z30em dbh) (V2.1.3.1)

Bird species (V2.1.3.2)

= 10x10m Plot

Vertical structure of forest (V2.1.2.1)

DBH class distribution (V2.1.2.2)

Regeneration phase (2.12.4)

Understory opening (V2.1.2.5)

Tree sp. from different regeneration puilds
(10— 29.9 cm dbh) (V2.1.3.1)

Aburdance of large woody debeis (V2.1.6.3)

®  5x8m Plot

Tree sp. from different regeperation guilds
(599 an dbh) (V2.1.3.7)

Abuadance of small woody debrds (V2.1,6.3)

* Complete sampling framework (nested plots
and transects) serve for the application of CNCF
16.3.11 and 18.1.4.
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':2_2 Field Test and Evaluations

. After the field preparations and preliminary application of the initial PCI&V, the field test and
evaluations took place with the expert group which resulted in the recommendation,
:;wdiﬁcation or tejection of the initial elements based on their performance in the field and

“observations made during group discussions.

4.2.2.1 General recommendations made by the expert group

-. An important product from Phase 2 was the generation of general recommendations and
ohservations associated with the originally proposed sets of PCI&V, the current state of
development of a forest management standard in Costz Rica and the means for its

implementation (Table 7).

Table 7. Requirements identified as necessary for the implementation of the national standard
for forest management in Costa Rica after Phase 2.

Instructive manueal for the implementation and interpretation of CNCF forest management standard

Up-to-date lists of banned, threatened and endangered species

Improved clarification, definition and description of terms and methodologies

Classification of forest types

Inter-institutional relationships

Instructive manual for the implementation of forest management — Code of Practices

During the Phase 2 group discussions and field evaluations, the need for an instructive manual

for the use of the national forest management standard and its associated criteria and

indicators was duly noted, as well as the need for up-to-date lists of banned, threatened and
endangered species, based on the most current information available for Costa Rica. It was
also recommended that the terms and methodologies assodated with sustainable forest
management (L.e. skid trails), implementation (.e. directonal felling) and monitoting (i.e.
permanent sampling plots) be better defined, clarified and described. 'The classification of
forest types based on composition criteria relevant to forest management was considered
crucial and, in effect, would provide the information necessary to establish the sustainable
means and levels of management practices according to forest type as well as reference data for
monitoring in different forest types. It was also strongly recommended that interinstitutional

relationships be established in order to facilitate the processes of C&I development as well as




plementation and analysis (ie: CNCF and the National Commission of Forestry
Tavestigaton — 2 national NGO). Finally, it was noted that there exists the need for an

instructive manual on the implementation of forest management or a “code of practices” for

:s.u'smjnable forest management in Costa Rica,

Taking into account the need for an instructive manual for forest management
;np}emenmtiOn, it was recommended that sub-indicators assodated with CNCF 16.3.11:
«\finimal impact is made on runoff, soil and water resources through management and
“'.ha_tvesting which take into account the following aspects or applicable levels” and the criteria,
“indicators and sub-indicators associated with CNCF Principle 7: “The management plan” be
. removed from the current standard and form part of a separate decree that serves as a national
-~ gode of practices. 1t was duly noted that these elements are cutrently developed in the form of
norms or predefined “levels” and “aspects” and would be better considered within the context
: of an instructive manual for planning and implementing sustainable forest management. The
| national standard for forest management and associated C&J could then be developed and
used to determine the fulfillment of these “norms” or performance standards proposed by the
code of praciices. Most notably, it is crudial, that the code of practices be legally established,
implemented and upheld before modifications are made to the current natdonal standard.
4.2.2.2 Specific recommendations and observations made by the expert group’

Under the CNCF P6: “Management Impact” it was recommended that C6.1 “Forest

management seeks to reduce the impact on the structure and composition of the forest, hydtic

erosion of the soil, water contamination due to erosion and sedimentation of natural drainage
systems” and C6.3 “Management should orient itself towards the maintenance of ecological
functions of the forest ecosystem. These include: 2. Natural regeneration and succession b.
Sufficient genetic diversity to maintain the production systern. ¢. Natural processes that affect
the productivity of the forest ecosystem. d. The functions and processes of the natural
drainage system™ be combined to result in only two criteria under P6. Under C6.1, no
indicator was recommended for inclusion in the final, integrated set of PCI&V due to
conceptual weaknesses or development as norms and subsequent recommendation for

inclusion in the code of practices (CP). However, in regards to the ideas assodiated with C6.1, it
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s recommended that the new, integrated criterion (C6.1 + C6.3) contemplate indicators
a5 ociated with the resui/ts of forest management and incorporate indicators that monitor

changes in species composition.

“Both of the orginal indicators under C6.2 “Rare, threatened and endangered tree species are
.'.p}:otected as well as their habitats. Hunting, captuting and collecting floral and fauna species is
. controlled” were recommended. 16.2.1 was recommended based on modifications to the
odginal wording, the final version reading “Measures exist for the protection of rare,
threatened, banned, restricted and endangered tree species, as well as for the protection of the
characteristics of their habitats. Their location in the field and their numbering corresponds
with the map indicating tree location”, while 16.2.2 was recommended without need for
modification: “Measures exist to control hunting, capture and collection of plant and animal
species.” It was observed in association with both recommendations that there exists a need
for the description of the means for protection, conservation and management of the indicated
species and their associated habitats, as well as the measutes for controlling their hunting,
capture and collection. It was suggested that these descrptions and measuzes be established
and defined in the recommended CP and that the terms be better and clearly defined by a
group of experts, based on the information available from current forest inventories. In
association with both indicators, it was also duly noted that forest managers and those
responsible for management evaluations must be provided with training in order to achieve

accurate identification of these species.

Under C6.3, eight of the original 11 indicators were recommended, six of which were modified
from their original wording. 16.3.7: “Subsequent harvests are not catried out for at least 15
years since the last harvest in forests previously harvested” was not recommended because in
this form it is 2 norm and an aspect of planning and would be better considered in the CP.
16.3.8: “Species with an abundance of less than 3 trees per hectare (0.3 trees/hectare)
according to the preliminary inventory of species with dap > 30cm, are considered to be rare

within the ecosystem and cannot be harvested” and 16.3.9: “Banned or restricted tree species

with 2 dap >60 dap should be marked in the field and located on a map. These complete the

function of seed trees, but are not contemnplated within the 40% of porter trees, reserved

5 All results and observations from Phase 2 ace summarized in Tabie 8A in Anaex.



gring harvesting” were not recommended based on redundancy and combined with 16.2.1,
The recommended indicators under C6.3, were associated with the harvest intensity (16.3.2),
parvest rate (16.3.3), , harvest of all commerdial species (16.3.5), harvesting of dead wood
16.3.10), cutting cycle (16.3.6), control of hydric erosion and changes in natural drainage
@6.3.9, minimal impact on stand, soil and water resources (16.3.11) and extraction operations
- (Ié.3~12) and were all considered in need of supplementary documentadon in the form of lists
. and/or provisions in the proposed CP. Again, it is noted that the sub-indicators associated
with 16.3.11 were recommended for removal from the cutrent standard for forest management
- and used in-part as the basis for a code of practices for sustainable forest management.

" Furthermore, it was recommended that the national standard C&I incorporate the evaluation

-: of fulfillment of the guidelines set by the proposed code of practices (section 4.2.2.1).

As indicated in section 4.2.2.1, it was recommended that the ordginal C&l associated with
CNCF P7 be removed from the Standards and Procedures for Sustainable Management and Forest
Certification in Costa Rica (CNCF 1999) and to be used in-part as a basis for a separate, national
decree that would serve as a aode of practices (CP) for the planning and implementation of forest
management. Subsequently, P7 was reworded and recommended as: “Planning”. The first
criterion, C7.1: “The management plan and supporting documents clearly establish and justify
the management objectives and the means for achieving them” was not modified and it’s
assodated indicator, 7.1.1 was recommended with modifications to read: “There exists a
management plan developed according to the code of practices and legally approved by the SFA”.
The second criterion, 7.2: “The management plan is updated” and its associated indicator,
7.2.1: “The management plan is revised in each cutting cycle to incorporate results from
evaluation and monitoring and new scientific and technical information that responds to the
changes in technological, environmental, social and economic circurnstances” both reflect

modifications to their original wording. It is noted that P7 and its associated C&I are

significantly simplified after the recommended modifications, however, they maintain the
evaluation of sustainable forest management by requiring the fulfiliment of guidelines
established by the proposed CP.
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ﬁﬂde: CNCEF P8: “Monitoring and Evaluation”, two of the original four indicators under C8.1;
«The management plan should include and execute 2 monitoring plan that allows the
derermination of the impact of management operations” were recommended for the final

- integrated set of PCI&V. Both 18.1.1: “Records exist on management activities, production
volume per species, and numbers of logs. These records should be verifiable in accordance
with the respective transportation guides” and 18.1.4: “In FMUs greater than 100 hectares and
f. the case of certified forests, permanent sample plots should exist where monitoring of the
dynamics of management areas take place. The intensity of sampling is not inferior to 1% of
the total area. The variables to be analyzed include: annual increment in dbh (mam/y1); annual
increment in basal area (m”2/ha/yr); mortality, regeneration and recruitment; floristc
composition” were recommended with revisions to the original wording (as they appear here
within the context of this document). It was noted that permanent sampling plots are essential
for following changes in the ecosystem and that a CP should indicate the associated means for
their establishment, maintenance and measurement as well as the variables to analyze.
Furthermore, it was recommended that the appropriate personnel should be provided with the
training necessary for their installation and management. 18.1.2: “Regent reports and
approprate certificates of approval by the SFA are maintained available” was not
recommended based on the view that it should be taken into account in the CP, which would
indicate the minimum amount of information necessary for acceptable reports and the
methodology for their preparation. 18.1.3: “Parent trees, rare, banned and endangered species
are marked as AP. Their location in the field and their numeration correspond with their

identification on the map” was rejected because of redundancy and combined with 16.2.1.

Of the CIFOR elements evaluated under C2.1: “The processes that maintain biodiversity are
conserved in managed forests”, 4 of the six verifiers under 12.1.2: “Change in diversity of
habitat as a result of human interventions are maintained within critical limits as defined by
natural variation and/or regional conservation objectives” were recommended. The
recommended verifiers are associated with the vertical structure of the forest (2.1.2.1),
regeneration phases (2.1.2.4), canopy opening in the understory (2.1.2.5) and dead standing
wood and on the ground (2.1.2.8). Reference data and/or monitoring was considered
necessary for all four of the recommended verifiers and the otginal wording for each verifier

was modified from an original format typical of norms to that of a verifier for the assodiated




indicator. V2.1.2.2: “Size class distribution does not show a significant change from the
aatural variation” was not recommended because of poor precision in measurement and the
argument that the legally permitted harvest does not greatly affect the diameter distributon.
v2.1.2.7: “The distribution of above-ground biomass does not show significant changes with
respect to the non-harvested forest” was not recommended due to lack of precise

" methodologies for determining biomass.

Under CIFOR 12.1.3: “Community structure of distinct guilds do not show significant changes
in the represénmtion of especially sensitive guilds, pollinator and disperser guilds”, all three
verifiers evaluated were recommended with revisions to the orginal wording, which was
typical of a norm rather than 2 verifier. These verifiers are associated with abundance of
seedlings, saplings and trees of canopy tree spedes belonging to different guilds of
regeneration (2.1.3.1), abundance of selected bird groups (2.1.3.2) and abundance and activity
of selected mammal groups (2.1.3.6). It was noted for each that lists would have to be
developed and provided to trained personnel and that all associated information and

methodologies should included in the CP.

Two of the three verifiers evaluated under 12.1.4: “The richness/ diversity of selected groups
show no significant change” were recommended with modifications to the original wording
which was again, typical of norms. V2.1.4.3: “The diversity of selected indicator gtoups of
butterflies” and V2.1.4.3 “The diversity and species composition of select indicator species of
the dung beetle guild (Scarabaeinae)” were recommended with need for their clear
identification and methodologies for sampling to be defined in the CP. V2.1.4.6: “Temporal
changes in species richness is not significant” was not recommended due to its associated

requirement for intensive sampling and poor precision.

The remaining CIFOR verifiers were not recommended. Under 12.1.5: “Population sizes and
demographic structures of selected species do not show significant change and
demographically and ecologically critical life-cycle stages continue to be presented”, V2.1.5.4:
“The rates of population growth do not show significant changes in comparison with
undisturbed forests” was not recommended based on the breadth of its scope and need for

intensive sampling in the field. The three verifiers evaluated under 12.1.6: “The status of
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Jecomposition and nutrient cycling shows no significant change” were not recormmended
pased on insufficient scientific development (methodologically, analytically).
f}owever, these three verifiers were considered relevant for the evaluation of ecological

sustainability and recommended for further sdendfic research and development.

in relation to the scores for relative importance from Phase 1 (section 4.1.1, see Annex Table
7A) for elements under CNCF P6 there was both consistency and inconsistency with the
outcomes from Phase 2. Under C6.1, the scores from Phase 1 indicated 16.1.2 and 16.1.3 to be
more important than 16.1.1, however all three were rejected after Phase 2. Under C6.2, 16.2.2
received a much lower score for relative importance (39) than 16.2.1 (61), nonetheless both
were recommended after Phase 2. Under C6.3, it is noted that 16.3.7 (RI=6) was not

- recommended after Phase 2, and was also one of the lowest scoring elements for relative
 jmportance in its sub-group in Phase 1. However, 16.3.10 (RI=3) and 16.3.12 (RI=G), the
lowest scored elements for relative importance from Phase 1 for this sub-group of indicators,

- were recormmended with modifications to their original wording at the end of Phase 2 after
evaluations and testing in the field. The elements under CNCF P7 underwent unusual
recornmendations, in that they were not rejected based on weaknesses but inefficient
placement within the standard and recommendation for consideration in other documentation,
Nonetheless, the lowest scoring indicator for relative importance was 17.1.1 (RI=13) was the
only indicator maintained after Phase 2. As for the elements under CNCF P8, it was noted
that all four indicators evaluated in Phase 1 were relatively similar in scores of importance.

After Phase 2, only two indicators were maintained.

When comparing the results for CIFOR elements after Phasel and Phase 2, again there are

consistencies and inconsistencies. Under 12.1.2, the lowest scoring verifier -~ V2.1.2.7 was not

recommended after Phase 2. However, the second and third lowest scoring verifiers in the

same group (2.1.2.8, 2.1.2.5) were both recommended for the final integrated set of PCI&V.

There was considerable consistency under CIFOR 12.1.3 the three verifiers evaluated were
considered of almost equal importance in Phase 1 and notably, all three were recommended
after Phase 2. Nonetheless there was definite inconsistency under 12.1.4, in which the lowest
scoring verifier after Phase 1 (2.1.4.3") was recommended after Phase 2 and the highest scoring

verifier (2.1.4.6) was rejected after Phase 2. There was also inconsistency under 12.1.5 in which
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. considerably lower scoring element in Phase 1 (2.1.5.4) was recommended after Phase 2.
ally, the three verifiers evaluated under 12.1.6 were scored with a relatively small range of
fference in importance. Nonetheless, they were not recommended for the final integrated

set after the final recommendation in Phase 2.

en examining the consistencies and inconsistencies between Phase 1 and Phase 2 results,
the inconsistencies in elements initially scored as important and later rejected do not have as
serious implications as when elements are initially scored low for relative importance and then
later recommended for the final set. Notably, many currently accepted methodologies for C&l
selection, testing and development propose the use of relative importance scores as initial
filters which reduce C&I sets before testing in the field (see Prabhu e 2/ 1999, Mendoza and
Prabhu 2000). Nonetheless, in the present study, scores of relative importance were not used
 to reject any element before field testing and by maintaining all original elements after Phase 1,
: it was observed that, in this case, many of the final, recommended elements would have been
rejected before the field evaluation, had accepted methodologies been applied. Consequently,
precaution is recommended in the use of filters based on desk — evaluation results for rejecting
elements before field testing. Furthermore, in regards to these results, support is lent to the
argument that C&I should be applied and assessed in the field as well as “on the table”, in
order to be reliably evalvated.

4.2.3 Field evaluation attribute scores

Final recommendations for Phase 2 were fadlitated by scoring each 1&V according to 9
important attributes (Table 4). CNCF 18.1.1: “Records should exist on management activities,
volume of production per species, and number of logs that are verifiable with the respective
transportation guides. Registers should also exist in the case of non-timber forest product
production” received the highest attribute scores of both sets and was subsequently
recommended for the final set of PCI&V (Annex Table 9A Atwdbute Scores from Phase 1 and
Phase 2). The lowest scoring element from the CNCF set was sub-indicator 6.3.11g: “After
harvesting, diagnostic and silvicultural samapling will show that harvesting plus loss due to
damage does not exceed 15% of the original basal area”, which was not recommended for the
final set because the precision of diagnostic sampling is infetior to the percent of the reduction

in basal area that is being evaluated and was therefore considered impractical. CIFOR V2.1.3.6
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oThe abundance and activity of terrestrial frugivorous mammals is maintained within critical
limits” recetved the highest attribute scores of the CIFOR set and after modification to the

ﬁginai wording, was recommended for the final set. The lowest scoring CIFOR element:

2.1.4.6 “Temporal changes in species richness is not significant” was not recommended for
-é final set of PCI&V. In general, elements receiving above — average scores for the majority

the nine elements were modified and subsequently recommended.

Tt should be noted that comparisons were made between the attribute scores from Phase 1 and
from Phase 2 but definite similarities or discernible correlations were not evidenced (Annex
_’i‘able 9A). In the CNCF group, for example, the group of indicators under CNCF C6.1
:'generaliy scored higher in Phase 1 than Phase 2 for their relation to the assessment goal, but
genemﬂy scored lower for their provision of a summary and sensitivity to stress, and notably
these three indicators were rejected. In the CIFOR group, for example, the verifiers were
generally rated higher for their relation to the assessment goal and for their sensitivity to stress
in Phase 2 as compared to Phase 1. However, some were rated higher for ease of detection

© and recording in Phase 1 while others were rated higher in Phase 2, as was the case with the
attribute associated with provision of summary. These differences may be attributed to more
. detailed evaluation carried out in Phase 2 in which 9 attributes were examined as opposed to
only 4 in the first phase, and thus resulting in both positive as well as negative changes in

::' individual attribute scores. Furthermore, differences could be attributed in part to the fact that
-~ the scores from Phase 1 were based on averages of the individual scores submitted by each

| expert group member, while the attdbute scores from Phase 2 were based the consensus of the

two to three person task-oriented teams.

4.2.4 Distribution of recommendation results for different groups of CI&V

4.2.4.1 Introduction

Comparisons were made between the overall number of recommended and rejected I&V and
between different groups of I&V (Table 8). Groups were determined according to the original
source (CNCF or CIFOR) and two classifications of parameters (fmput, process, result; pressure,
state, response) (Annex Table 10A 1&V Classification and Groupings; see section 1.1.1 for
parameter definitions). Within the number of 1&V recommended for each group, further

comparisons were made between elements recommended with or without need for
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- modification. Comparisons were also made between elements recommended with or without
| need for supplementary documentaton and/or provisions in the proposed wwde of practices.
Within the number of I&V rejected for each group, a five-way compatrison was made between
elements rejected because of (1) recommendation for incorporation into the proposed code of
practizes, (2) redundancy, (3) conceptually weak (i.e. not related to the assessment goal), (4) poor
precision for measurement or sampling or (5) need of further scientific development. A chi-
square test was used to determine if and when a relationship existed between groupings (i.e
CNCF vs. CIFOR, Input/ Process vs. Quicome, Pressure vs. State vs. Response) and recommendation
status (L.e. not modified vs. modified, CP required vs. CP not required, Move to CP vs.
Redundant vs. conceptually weak vs. poor precision vs. further development). The chi-square
test was significant (p < 0.01) for all relationships except the companson of CNCF vs. CIFOR
elements and their recommendation or rejection status, and for Input/ Process vs. Ontcome
elements and their recommendation or rejection status. This can be interpreted as the
existence of little or no difference in the percent of elements recommended and rejected

between the CNCF and CIFOR sets, as well as between elements for evaluating inputs or

processes and those for evaluating ontcomes

Table 8. Overall results and comparisons of final recommendations for three groups of I&V

TOTAL § CNCF | CIFOR jInp/Proc| Outcome | Pressure | State Response
Recommended  [53% (22/40) § 54% (13/24)] 56% (9/16)§ 52% (12/23)] 59% (10/17)d 56% (10/18)] 0% (0/3)] 59% (10/17)
Rejected 45% (18/40) §46% (11/24)] 44% (7/16)] 48% (11/23)]  41% (/AT 44% (B/18) 100% (3/3)] 4% (7/17)
: chiz = 2,08 chi? = 3.40 chi? = 104.68%*
Recommended
Not modified 14% (3/22) | 23% {3/13) 0% (O 17% (2/12)] 10% (1/10)§ 20% (2/10) 0% (0) 10% (1/10)
Modified 86% (19/22) § 77% (10/13)] 100% (9/9)] 83% (10/12})] 90% (97 10) | 80% (8/10) 0% O)F 90% (9/10)
chi? = 129.16%* chi? = 107.56+* chi? = 200.00%*
Recommended
CP required 91% (20/22) § 85% (11/13)] 100% (9/9)§ 83% (10/12)] 100% {10/10)] 90%% (9/10) 0% (0)] 100% (10/10)
CP not required  [9% (2/22) 15% {2/13) 0% O 17% (2/12) 0% (O 10% (1/10) 0% (0} 0% (O
chi? = 149.00%* chi? = 14356+ chiZ = 264,004+
[Rejected
Move to CP 33% (6/18) § 55% (6/11) 0% (O] 55% (6/11) 0% {0 38% (3/8)] 100% (3/3) 0% (0§
edundant i7% (3/18) | 27% (3/11) 0% (0 27% (3/11) 0% (O)F 38% (3/8) 0% (0 0% (O)E
onceptually weak §17% (3/18) | 18% (2/11) 43% (3/T)| 18% (2/11)]  43% (3/ ™ 24% (2/8) 0% (0) 43% (3/T0
cor precision 17% {3/18) 0% ()} 43% (3/7) 0% (0) 43% (3/7) 0% (0} 0% (0} 43% (3/7)
wrther research  117% (3/18) 0% (O 14% (1/7) 0% () 14% (1/7) 0% (0) 0% (0) 14% (1/ 7
chi? = 198.60%* chi? = 198.6(* chj? = 567.56%*
* = Significant st p=0.05, #* = Significant at p=0.01. For 2x2 compasisons and 1 degree of reedom (d.F), at p=0.05: chi® = 3.841 and at
P=0.0%: chi*=6.635. For 2x3 and 2 d.f, at p<0.05: chi* = 5.991 and at p=0.0L: chi*=9.21 For 5x2 and 4 d £ ar pS0.05: ehi? = 9,488 and at
p=0.01: chi?=13 277 For 5x3 and 8 d £, ac pS0.05: chi? = 15.507 and at p=0.01: chi*=20.000
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: 4 2.4.2 Distribution of overall resulls
Slightly more than half of all the imitial elernents were recommended. Notably, almost all of

the recornmended elements required modifications to the original wording (86%) and even
-:';nore require supplementary documentation (91%), which supports the general
secommendations for the need for documentation on C&I implementation (section 4.3.1). Of
the rejected elements, one third were recommended to be separated from the initially proposed
set and incorporated into a code of practices. The remaining were elements rejected due to

* redundancy (17%), conceptual weakness (17%), poor precision (17%) and need of further
research and development (17%). Figure 3 provides a graphical display of the overall results

according to their recommendation and rejection status.
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Figure 3. Final recommendation results for all 1&V.

4.2.4.3 Comparison of distribution of results for CNCF and CIFOR elenents

There was very little difference between the percent of CNCF and CIFOR elements which
were recommended and rejected (Table 8). Both groups resulted in high percentages of
elements in need of modification and supplementary documentation. Notably, all of the

elements recommended from the CIFOR group were modified due to their present wording as
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“norms in the source documentation (Annex Table 8A for details). Furthermore, all of the
- recommended CIFOR ¢lements require supplementary documentation in the proposed code
of practices. In regards to the reasons for rejection there are however, marked differences
between the two groups. The majority of elements rejected from the CNCF set (55%) was
based on to their inefficient placement within the standard and their development as norms.
These elements were subsequently recommended for incorporation into a code of practices. "The
remaining CNCF elements were rejected because of redundancy (27%) and conceptual
weakness (18%). On the contrary, the majority of CIFOR elements were rejected due to poor
precision in measurement, attributed to light intervention regimes (when silvicultural
treatments are not applied), typical of Costa Rican FMUs (43%) or were considered relevant in
regards to their ecological bases, but in need of further scientific development before being
included in C&d sets (43%). The remaining rejected CIFOR elements (1 7%} were based on
conceptual weakness. Figures 4 and 5 provide graphical displays of the CNCF and CIFOR
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B Not Modified
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Figure 5. Final recommendation results for CIFOR verifiers

4.2.4.4 Comparison of distribution of results for Iput/ Process and Outcome elernents

- A slightly higher percentage of autcome elements (59%) were recommended for the final set of
PCI&V in compatison to input/ process elements (52%) (Table 8). Within the number of
“recommended elements, both groups showed high percentages of elements in need of
modification and supplementary documentation. Higher percentages of ontfrome elements were
* recommended based on modifications (90% vs. 83% of recommended input/ process 1&V) and
supplementary documentation (100% vs. 83% of recommended input/ process 1&V). The
requirement for supplementary documentation for all of the ontcome elements can be attributed

to their increased complexity in both application and evaluation.

Notwithstanding the slightly greater percentage of rejected inpat/ process elements, only 18%
were rejected due to conceptual weakness. The majosity of iuput/ process elements (55%) were
rejected based on recommendation for separation from the source documentation and
incorporation into a code of practices and the remaining 27% were rejected because of
redundancy. No supnt/process elements were rejected due to poor precision nor because of

need for further development.



On the contrary, the majority of rejected onteome elements (43%) were based on poor precision

in measurement or were considered relevant, but in need of further development through
.':'resea.rCh (43%). Similatity between the CNCF/CIFOR and the (7upui/ process)/ outcome
'.;ecommendation and rejection results is attributed to the majority of CNCF elements
.chamcterized as input/ process and all CIFOR elements characterized as onfcome elements.
 Figures 6 and 7 show graphical displays of distribution of results for the npus/ process and

© outcome elements.
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Figure 6. Final recommendation results for input/process elements
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Figure 7. Final recommendation results for outcome elements.

4.2.4.5 Comparison of distribution of resnlis for Pressure, §tate, and Response elersents

Before discussion of the pressure, state and response elements, it should be noted that this type of
classification was not as readily applied as the Zupa, process and omtcomse classification.
Particularly, pressure and stare classifications were more difficult to apply to the C&d, where
several elemnents could be interpreted undet either classification (see for example CNCF 17.1.1
“The structure of the management plan includes a general plan and operational plans” which
refers to the state of the management plan - a pressare on the system; see also CNCF 17.1.2,
17.1.3,18.1.1,18.1.2, 18.1.3) or simply were not applicable to the original format of the C&I
(Annex Table 10A).

Once the elements were classified as pressure, state and response elements, comparison showed
there was little difference between the percents of recommended and rejected pressure (56%,
44%) and response (59%, 41%) elements, but there was a notable difference between pressure and
response elemnents and the recommended and rejected star elements (0, 100%) (Table 8). From
these results, it might be interpreted that the pressure and response elements are more adequate

than sfare elements for the final PCI&V set, but the difficulties in classification resulted in
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ompArisons that may not be as directly indicative of group characteristics as &nput, process,
“gutconie classifications. Within the numbers of recommended elements, there was litde
(Jifference between the pressire and response groups and both resulted in high percentages of
elements recommended based on modifications (80%, 90%) and need for supplementary
documentation (90%, 100%). Differences were noted among the reasons for rejection for the
: three groups. The majority of rejected pressure elements was distributed between
recommendation for incorporation into the proposed code of practices (38%) and redundancy
(38%), whereas the majority of the regpanse elements were rejected because of poor precision

(43%) or need for further development (43%). All of the state elements were rejected because

of recommendation for separation from the source documentation and incorporation into a

proposed code of practices.

Again, there are similarites between these results and those of the CNCF/CIFOR and

(Inpwt/ Process)/ Ontcome compatisons due to the majority of CNCF elements being classified as
pressure and stare type elements, these same elements commonly being classified as inpat and
process and 21l of the CIFOR elements being classified as outcome ox response elements. Figures 8,
9 and 10 provide graphical displays of the recommendation and rejection results for pressure,

state and response elements.
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Figure 8. Final recommendation results for pressure elements
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.. 4.2.4.2 Distribution of overall results

. Slightly more than half of all the initial elements were recommended. Notably, almost all of
the recommended elements required modifications to the original wording (86%) and even
more require supplementary documentation (91%), which supports the general
recommendations for the need for documentation on C&I implementation (section 4.3.1). Of

the rejected elements, one third were recommended to be separated from the initally proposed

set and incorporated into a code of practices. The remaining were elements rejected due to
redundancy (17%), conceptual weakness (17%), poor precision (17%) and need of further
research and development (17%). Figure 3 provides a graphical display of the overall results

according to their recommendation and rejection status.
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Figure 3. Final recommendation results for all I&V.

4.24.3 Comparison of distribution of resulis for CNCF and CIFOR efements

There was very little difference between the percent of CNCF and CIFOR elements which
were recommended and rejected (Table 8). Both groups resulted in high percentages of
elements in need of modification and supplementary documentation. Notably, all of the

elements recommended from the CIFOR group were modified due to their present wording as
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Sorms in the source documentation (Annex Table 8A for details). Furthermore, all of the

ccommended CIFOR elements require supplementary documentation in the proposed code
"f'PraCtices‘ In regards to the reasons for rejection there are however, marked differences
t‘v;éﬁﬂ the two groups. The majority of elements rejected from the CNCF set (55%) was

asé& on to their inefficient placement within the standard and their development as norms

These elements were subsequently recommended for incorporation into a cods of practices. The

emaining CNCF elements were rejected because of redundancy (27%) and conceptual
weakness (18%). On the contrary, the majority of CIFOR elements were rejected due to poor
precision in measurement, attributed to light intervention regimes (when silvicultural
treatments are not applied), typical of Costa Rican FMUs (43%) or were considered relevant in
regards to their ecological bases, but in need of further scientific development before being
included in C&I sets (43%). The remaining rejected CIFOR elements (17%) were based on

_. conceptual weakness. Figures 4 and 5 provide graphical displays of the CNCF and CIFOR

- recommendation and rejection results.

EPoor preciion

T

i

Elfunthe: Lot Modified ]

Development L£ICP LINo CP |

ElConrepually weak Cinodifiod i

ifi

ElRedundaney b

ElRer for CP

Figure 4. Final recommendation results for CNCF elements

51



L Not Madified

A Requices CP

Figure 5. Final recommendation results for CIFOR verifiers

4244 Cowparison of distribution of results for Input/ Process and Outoome elements

A slightly higher percentage of oxtcome elements (59%) were recommended for the final set of

PCI&YV in compatison to input/ process elements (52%) (Table 8). Within the number of

. recommended elements, both groups showed high percentages of elements in need of

- modification and supplementary documentation. Higher percentages of nteome elements were
recornmended based on modifications (90% vs. 83% of recommended inpnt/process I&V) and

supplementaty documentation (100% vs. 83% of recommended Zuput/ process 1&V). The

requirement for supplemen documentation for all of the ontome elements can be attributed
G PP

to their increased complexity in both application and evaluation.

Notwithstanding the slightly greater percentage of rejected input/process elements, only 18%
were rejected due to conceptual weakness. The majority of input/ process elements (55%) were
rejected based on recommendation for separation from the source documentation and
incorporation into a code of practices and the remaining 27% were rejected because of
redundancy. No input/process elements were rejected due to poor precision nor because of

need for further development.
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recommendation and rejection results is attributed to the majority of CNCF elements

- characterized as supnt/ process and all CIFOR elements characterized as ontcome elements.

n the contrary, the majority of rejected sutome elements (43%) were based on poor precision
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4.24.5 Comparison of distribution of results for Pressure, State, and Response elements

Before discussion of the pressure, state and response elements, it should be noted that this type of
classification was not as readily applied as the aput, process and onrcorwe classification.
Particularly, pressure and stafe classifications were more difficult to apply to the C&I, where
several elements could be interpreted under either classification (see for example CNCF 17.1.1
“The structure of the management plan includes a general plan and operational plans” which
tefers to the state of the management plan - a prassure on the system; see also CNCF 17.1.2,
F71.5,18.1.1,18.1.2, 18.1.3) or simply were not applicable to the original format of the C&I
(Annex Table 10A).

Once the elements were classified as pressure, state and response elements, comparison showed
there was little difference between the percents of recommended and rejected pressure (56%,
44%0) and regponse (59%, 41%0) elements, but there was a notable difference between pressure and
regponse elements and the recommended and rejected szae elements (0, 100%) (Table 8). From
these results, it might be interpreted that the pressure and response elements are more adequate

than state elements for the final PCI&V set, but the difficulties in classification resulted in
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compatisons that may not be as directly indicative of group characteristics as input, process,
outeome assifications. Within the numbers of recommended elements, there was little
Jifference between the prassure and response groups and both resulted in high percentages of
clements recommended based on madifications (80%, 90%) and need for supplementary
documentation (90%, 100%). Differences were noted among the reasons for rejection for the
three groups. The majority of rejected pressurz elements was distributed between
recommendation for incorporation into the proposed code of practices (38%) and redundancy
(38%), whereas the majority of the regponse elements were rejected because of poor precision
(43%) or need for further development (43%). All of the state elements were rejected because
of recommendation for separation from the source documentation and incorpotation mto a

proposed code of practices.

Agzin, there are similarities between these results and those of the CNCF/CIFOR and

(Inpit/ Process)/ Ontcorve comparisons due to the majority of CNCF elements being classified as
pressure and stare type elements, these same elements commonly being classified as snpx and
process and all of the CIFOR elements being classified as onfcome ot response elements. Figures 8,
9 and 10 provide graphical displays of the recommendation and rejection results for pressure,

state and response elemnents.
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4.3 Final workshop results

The workshop held in Phase 3 was attended by a group of 11 experts, including 5 members of
the Phase 2 expert group and 6 other experts in forest management, ecology and policy. The 6
new members included CATIE’s Latin American Chair of Diversified Management of Tropical
Forests, a researcher with CATIE’s Forest Management Unit, a professor of forest
management at the Costa Rican Institute of Technology, a professor of forest studies at the
Costa Rican Natonal Univessity, a representative of the College of Agronomy Engineers and
an M.Sc. student in Conservation and Management of Forests and Biodiversity at CATIE. An
important overall result of the workshop was the group acceptance and approval of the
process for determining an integrated set of PCI&V and the results to date, including the

recommendations, modifications and rejections of the initial PCI&V.

4.3.1 Creating a code of practices

During group discussions in Phase 4 much consideration was given to the group of CNCF
elernents not recommended for the final set of PCI&V, but recommended for incorporation
into a proposed national code of forest practices. The group agreed on the need to separate
these elements from the current forest management standard and use them as a basis for the
creation of a currently, non-existent cods of practices for forest management in Costa Rica.
Codes of forest practice are typically sets of guidelines or “regulations” developed to help
critical actors in the forestry sector (Le. forest managers, operators, government officials, etc.)
apply and carry out forest managerent operations (Dykstra 1994). When forest management
operations aze cared out according to a code of practice, they should theoretically meet
standards set for sustainable forest management (i.e. harvest limits for commercial imber
according to area). Codes of practice should be developed and adapted according to local
conditions and focus on the actual harvesting practices rather than the desired outcome,
resulting in guidelines and prescriptions for meeting the goals of sustainable forest
management. It is also noted that codes of practice should not be “overly prescriptive” but
should provide 2 sound basis for decision making and evaluation, permitting adaptability of
actions so that standards and guidelines can be adapted as management results are detected
and new, relevant information to the sustainability of the management system is discovered

(Dykstra 1994).
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Taking into account the basic fundamentals of codes of forest practices, similarites are
detected with the hierarchical framework of forest management standards (section 1.1.1). In
the Phase 3 workshop, correlation was drawn between the principles and criteria of forest
management standards and the “goals” of codes of practices, and between forest management
standard indicators and code of practices “guidelines”. Based on these correlations, it was
agreed that a national code of forest practices and a national standard for forest management
should be developed and implemented in parallel with each other in Costa Rica. Upon
consensus for the need for a national code of practices and its direct relation to the national
standard, a list of potential users was created for both documents which were then

distinguished as primary or secondary users (Table 9).

Table 9. Primary and secondary users for the Costa Rican forest management standard and
the proposed code of practices (CP).

USER Standard§ CP
State Forestry Administration - forest management approval sector P P
State Forestry Administration — forest management control sector P P
{Evaluators (Certifier, NGO, private, final product consumers) P S
[Fontity in-charpe of monitoring P 5
Auvditors P S
[Professional responsible for forest management S P
Regent S P
|Agronomy College (responsible for forest regents) S P
Forest Owner S S
Business Owner NA P
Forest Workers NA P
COVIRENAS(Commission of Independent Volunteers for Natural Resources) | NA P

P = prmary user, § = secondary user, NA = not appiicable (not 1 user)

From this list it can be concluded that the forest management standard has similar primary
users — including the SFA approval and control sectors, forest management evaluators and
entities in-charge of forest monitoring. These users all have similar needs in regards to the
information provided by the forest management standard, thus making it possible to develop 2
“universal” document for all pdmary users. On the contrary, the proposed code of practices
has diverse prirary users -- the SFA control and approval sectors, professionals responsible for

forest management, regents, the Agronomy College, business owners, forest workers, and
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environmental organizations (COVIRENAS), each with very different needs in regards to their
use and application of a code of practices. In consideration of such differences, it is suggested
that code of practices eventually be broken down into different volumes which would
correspond to the different primary users and their needs (Le. volumes referring to: harvesting
operations; protective measures for water and nutrient cycles; protective measures for species
and assodated lists; etc). At present, the principal recommendation is to develop a national
forest management standard and 2 national code of forest practices that would result in two
separate but complementary documents which would both be legally decreed and upheld and

used for the implementation and evaluation of forest management in Costa Rica.

4.3.2 Determining distribution of institutional responsibility

Currently in Costa Rica there are several different “institutions” involved in the development
and application of the national standard for forest management. These acting institutions
include the State Forestry Administration (SFA), responsible for the approval of forest
management plans, establishment of guidelines for forest management, assertion that
management plans are effectively executed, coordination of forest sector control and approval
of forest management certifiers (under the guidelines of the National System of Forestry
Certification), among other responsibilities; Regents, responsible for the sound and effective
execution of approved forest management plans, recognized by and reporting to the SFA;
College of Agronomy Engineers, overseer for forest regents; CNCF, responsible for the
recommendation of forest management PC&I to the SFA and the supervision and observation
of forest management certifiers, among other responsibilities; and SFA accredited certifiers,
responsible for auditing and “certifiying” the sustainability of forest management planning and

execution (Costa Rica La Gaceta 1996).

Taking into account the distribution of institutional responsibility for the implementation of
the forest management standard and the current actors involved, three aspects of responsibility
for C&I implementation were evaluated in Phase 3. Table 10 displays the overall results from
this evaluation (see Annex Table 8A for a description of the recommended 1&V). Itis noted
that for the majority of CNCF elements, the general inclination of the expert group was to
assign primary responsibility for data collection to the regent, while assigning the majority of

secondary responsibility for data collection to forest operators and technicians. As well, the
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;ﬁ 'grouP assigned the regent primary responsibility for data processing for the majority of CNCF
elerments and secondary responsibility to the forest manager and the State Forestry

. Administration. The majority of primary responsibility for the interpretation of data assodiated
~with the CNCF elements was assigned to certifiers and secondary responsibility was divided

; among the SFA, regents and research institutions. It is noted that for the CNCF elements
responsibility (primary or secondary) was seldom assigned to research institutions, which were
only designated responsibility for aspects of interpretation of data related to forest

management impacts and monitoring.

For the CIFOR elements, distribution of responsibility was assigned very differently, with a
greater degree of designation to research institutions. Although primary responsibility for data
collection was commonly assigned to the regent or the forest operator, secondary
responsibility for data collection was distributed among SFA, the forest manager and Research
Institutions. Prmary responsibility for data processing was mostly assigned to research
institutions or regents, and secondary responsibility to the forest manager. Primary
responsibility for the interpretation of data associated with the CIFOR elements was not
assigned, instead distributing the responsibility for interpretation among certifiers, regents and

research institutions.

Table 10. Recommendations for the distribution of responsibility for aspects of 1&V
implementation according to the expert group after Phase 4.
SOURCE [COLLECTION PROCESSING INTERPRETATION
[CINCF PR SR PR SR PR 5R
16.1.3 R - R C S R C
16.2.1 R Op, S, C R M C S,R, IR
16.2.2 R Op R M C S,R, IR
16.3.2 R Op, S R M, S C S, R IR
16.3.3 R Op, M R M, S C S,C
16.3.4 R Op R S R S
16.3.5 R Op, S R M, S R S
16.3.6 R Op, M R S C S,R,RI
16.3.10 R Op R M R S,CRI
16.3.11 R Op R M, S R C
16.3.12 R Op R S R C
17.1.1 R M, S R M, S C S, R
17.2.1 R M R M, S C S,R
18.1.1 R Op, M, Q,S C SR C R
18.1.2 R S R S C R
18.1.4 S - C R, RI C R, RI
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[CNCE PR SR PR SR PR SR
v2.1.2.4 R Op, §, IR R M, RI - R,C,RI
72.1.2.5 R Op, S, IR R M, RI - R, C, RI
72.1.2.8 R Op, S, IR R M, RI - R, C,RI
v2.1.3.1 Op M, R, IR RI M, R - R, C,RI
72.1.3.2 Op M, R, IR RI M, R - R, C, RI
72.1.3.6 Op M, R, IR RI M, R - R, C,RI
v2.1.4.3 Op M,R, S, IR RI M, R - R,C,RI
v2.1.4.3' Op M, R,S, IR RI M, R - R,C,RI

PR = primary respoasibility, SR = secondary responsibifity: Instimzions: Op = Forest operatoz/techaician, M = Forest manager, O = Forest
owner/producer, 5 = State Forestry Administration, R = Regent, C = Certifier/Evaluarog, RI = Research instirusions; Aspects of C&1
3pphmrmn Collection = dar o information collection, Processing = informatdon management (data entry and management theough
prepamtion and presenttion of data results), Intesprecition = determination of tendencies over time, comparison with reference or previous
dara and judgment of genernl swie of management

4.4 Integrated set of PCI&V

Based on the results from the three phases of reseatrch, an integrated set of PCI&V was
developed for the evaluation of ecological sustainability of forest management operations in
the Northern and Atlantic zones of Costa Rica. This final set integrates indicators and verifiers
from the recommended CIFOR elements into the existing framework of the CNCF forest
management standard and the elements recommended during this process. It is noted that this
integrated set was developed based on fulfillment of conditions for the creation of a national
code of practices and other supplementary documentation noted for each element in Table 8
and will continue to change in reflection of the changes in local environmental, social and

political conditions. Table 11 presents the integrated set of PCI&V.

Table 11. Integrated set of PCI&V for the evaluation of ecological sustainability

2irs

P6: Impacio 'del Manejo

6.1 Forest management seeks to reduce the i impact on the structure and ccmposmou of the

forest, hydric erosion of the soil, water contamination due to erosion and sedimenmﬂon
of natural drainage systems and should orient itself towards the maintenance of - :
ecological functions of the forest ecosystem which include: a. Natural regenﬁmﬂou and
succession b. Sufficient genetic diversity to maintain the pz:oducuon systemi. c. Natural
processes that affect the productivity of the forest ecosystem. d. 'I'he functrons and
processes of the natural drainage system. . '

The rate of forest products harvested does not exceed the rate of resource

6.1.1
growth

6.1.2  The cutting cycle is determined in function of the information available
concerning natural forest growth and taking into account particular dynamics
of the forest in question

6.1.3  Harvest intensity and silvicultural treatments are determined in direct

proportion to the abundance of each species
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6.14  All commercial species with abundance equal to or greater than 0.3/ha are
harvested, exceptions must be justified in terms of the current market.

6.1.5  The volume or quantity of dead standing wood or on the ground corresponds
to the volume or quantity justified in the management plan or the harvest
operation plan

6.1.6  Mechanized extraction/skidding operations follow the code of forest practices
for the use of cables,

6.1.7  Measures of control exist to avoid hydtic erosion and alteration of natural
drainage systems.

61.8  Minimum impact is made on the stand, soil and water resources in the
execution of management and harvesting which take into account the aspects
and levels established by the code of practices

6.1.9  Change in diversity of habitat as a result of human iaterventions are maiatained
within critical limits as defined by natural variation and/or regional
conservation objectives

6.1.9.1 The vertical structure of the forest

6.1.9.2 The frequency distribution of the phases of the regeneration cycle
of the forest

6.1.9.3 Canopy opening within the understory

6.1.9.4 Dead standing wood and on the ground

6.1.10  Community structure of distinct guilds do not show significant changes in the
representaton of especially sensitive guilds, pollinator and disperser guilds

6.1.10.7  The relative abundance of seedlings, saplings and trees of canopy
tree species pertaining to the different guilds of regeneration

6.1.70.2  The abundance of select indicator groups of birds

6.1.70.3  The abundance and activity of select indicator mammal groups

6.1.11  The richness/diversity of selected groups show no significant change.

6.1.11.1  The diversity of selected indicator groups of butserflies
6.1.11.2  The diversity and species composition of select indicator species of the dung beetle
Luild (Scarabainae)

6.2 Rare, threatened and endangered forestry species ate protected as well as their habitats
Hunung, captunng and collectmg floral and fauna speaes is controlled ST :

6 21 Measm:es exist for the protect:lon of rare, th.teatened banned, resmcted and
endangered tree species, as well as for the protection of the characteristics of
their habitats. Their location in the field and their identifying numeration
corresponds with the map associated with tree location

6.2.2 Measures exist to control hunting, capture and collection of plant and animal
spedes.

7.1 The management plan and supporting documents clearly estabhsh aud ;ustlfy the _
management objectives and the means for achieving them, . . ="

7.1.1  There exists a management plan developed acco:dmg to the code of pracnces
and legally approved by the SFA

7.2 The management plan is updated i A N AP S

7.2.1  The management plan is rmsed in cach cumng cycie to mcorporate results &om
evaluation and monitoring and new scientific and technical information that
responds to the changes in technological, environmental, social and economic
circumstances
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P8 Momtonngand Eyalaato
8.1 The management plan should include and execute a monitoring pla.n that aliows the o
determination of the impact of management operations. . '

8.1.1 Records exist on management activities, production volume per species, and
numbers of trunks. These registers should be verifiable in accordance with the
respective transportation guides,

8.1.2 In FMUs greater than 100 hectares and the case of certified forests, permanent
sample plots should exist where monitoring of the dynamics of management areas
take place. The intensity of sampling is not infedior to 1% of the total area. The
variables analyzed are: annual increment in dbh (mm/yr); annual increment in
basal area {m"2/ha/yx); mortality, regeneration and recruitment; flodstic
composidon

4.5 Closing Discussion

In regards to the methodology used to determine an integrated set of PCI&V, it was evident
throughout this process that adaprability is essential. Processes for determining forest
management standards and their associated C&I are still very new and have not been so widely
applied, nor are they well enough understood, to be mechanically implemented without room
for modification. Furthermore, taking into account the dependence upon expert opinion,
subjectivity is a considerable factor ever-present in this type of process. Although
methodologies and techniques are incotporated so as to minimize subjectivity and maximize
expert knowledge and experience, cut and dried methods for eliminating elements based on
subjective opinions, which may be made before sufficient evaluation is carried out can lead to
the premature elimination of elements which may in fact be strong components for C&I sets,
In regards to the present research, the home-base desk evaluation scores for relative
importance did not prove to be reliable nor consistent enough in order to merit their use for
eliminating elements before theit application and observation in the field. Nonetheless, it
should be noted that other studies have supported the use of these scores as a type of “filter”
for eliminating elements from initial C&I sets before field testing (see Mendoza and Prabhu
2000; Woodley ¢ /. 1999).

Throughout the process of evaluation of the initially proposed set of PCI&Y, the need for
assodated protocols and supporting documentation of justification, application procedures and
analysis methodologies was clearly apparent. More than 90% of the elements recommended
for the final set of CI&V were conditional upon the need for complementary documentation

and/or provisions in the suggested code of practices. "T'he manual for ecological C&I application,
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- in preparation by Delgado ef 2/, did significantly facilitate the process of evaluation by
providing the experss with extensive documentation on the ecological bases upon which the
proposed C&I were developed. The manual also greatly facilitated field testing by providing
sdentifically documented methodologies for the necessary field applications. Nonetheless,
there remains a lack of documentation related to individual CI&V and sets as a whole that

should be provided for the implemnentation of a forest management standard in Costa Rica,

There was also considerable emphasis placed on the lack of reference or “base-line” data for
many of the CI&V. In order to provide the reference data necessary for monitoring and for
establishing acceptable practices, up-to-date information on different forest types should be
utilized and referenced. This data would be greatly enhanced by the establishment and
organization of a national system of permanent sample plots. Access and interpretation of
such data will also require the creation of agreements and working relationships between
government and research institutions. Other liaisons between and within the government,
non-government and private sectors must also be created in order to cover the various aspects
of implementing 2 forest management standard, including collection and management of data,

analysis and control.

As far as the responsibility of implementing a national forest management standard, the
tendency to designate much of the responsibility to regents and little to the forest manager and
forest owner was duly noted. Placing the majority of responsibility on one particular group
could obviously overburden that group, resulting in difficultes for carrying out and upholding
the principles and goals of sustainability proposed by the forest management standard.

Finally, it should also be noted that confusion seems to petsist in association with hierarchical
development and/or the terminology associated with PCI&V. One-third of the CNCF
rejected indicators were due to development as norms, and subsequently recommended as the
bases for a national @de of practices. Furthermore, although generally undetected throughout the
evaluation process, many of the CIFOR verifiers were also proposed as norms and in need of
modification before Integration into the final proposed set of PCI&V. Until such confusions
are resolved, it will continue to be difficult to apply and compare forest management standards

at different levels of application.
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V. CONCLUSIONS AND RECOMMENDATIONS

Evaluating ecological sustainability can provide important information on the future availability
of natural resources and their rates of productivity. Despite many efforts to create systems for
assessing sustainability, its determination remains difficult, if not elusive, especially when taking
into account limitations associated with the current state of sdentific knowledge and the need

to develop political, institutional and social components necessary for evaluating sustainability.

Today, systems for assessing sustainability of forest ecosystems are often defined by
predetermined standards for reducing the impacts of forest management operations, without
regard for the sometimes unpredictable responses of ecosystem components. However,
reducing negative impacts does not necessarily guarantee sustainability. Unfortunately,
elements built upon system responses to forest management operations often involve
increased investment of time, training, cost and multi-institutional participation. Nonetheless,
for forest management standards to be useful, they must move towards integration of elements
which evaluate impacts as well as their results, in order to better determine sustainability and

provide indications of where changes or adaptations may be made in the management system.

When the requirements for C&J implementation are taken into account, they can become
potentally powerful tools for the evaluation of sustainability. Sets that include the means to
measure the stress, state and response of the system can provide a valuable understanding of
the sustainability of forest management operations. An encouraging result of the present study
was the acceptance and recommendation of oufrome and response elements along with the
traditionally prevalent sp#u# and process CI&V. Such results are indicative of a definite step

towards the adaptability and sustainability of forest management systems.

The present research has not only provided a proposal for an integrated set of PCI&V for the
evaluation of ecological sustainability in the Northern and Atlantic zones of Cost Rica but has
contributed to the experiences of C&I development processes. As a result of these
experiences, recommendations can be made for later applications of similar processes.

Owerall, the process applied for this research was very productive and based on its adaptability,
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Pmduced the anticipated as well as initially unexpected, valuable results. It is recommmended
that, until much more experience has been had with selecting and determining C&I sets, futare

processes continue to incorporate adaptability.

Furthermote, it is sugpested that greater consistency and clardty be implemented throughout
(&I development processes. For example, in the present process only four important
artributes were assessed in the first phase of C&I evaluation, whereas 9 attributes were assessed
in the second phase. In order to better compare between phase results, it is recommended that

the same attrbutes be evaluated in each phase that incorporates them.

Clazity is another important factor in C&I development which should be highly emphasized.
For example, terms associated with the evaluation process were often interpreted difterently by
different partidpants. It is suggested that all terms and methods associated with these
processes are very clearly set out and explained before evaluations actually take place. In
conclusion, these recommendations can be incorporated into the methodology used here and
if adaptability and conscious learning are maintained, such processes can be powerful tools for

developing standards for the evaluation of sustainable forest management.
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C 1 v
CNCF (199%)

6.1

6.1.1
6.1.2

6.1.3

6.3.1
6.3.2

6.3.3
634

6.3.5

6.3.6

6-3‘7

6.3,8

6.39

6.3.10
6311

6.3.11a

Table 1A, Initial list of CI&V proposed for the cvaluation of the ecological sustainability of forest management,

Description

Management Impact

Forest management seeks to reduce the impact on the struchire and composition of the
forest, hydsic erosion of the soil, water contamination due to erosion and sedimentation of
natural drainage systems.

The management plaa establishes agreement to malataln impacts within the limits
mentioned under this principle.

The management plan describes the means for controlling impacts and these are applied in
the field.

Before harvesting there is an assessment of the potential impacts on run-off, soil and water
that has been signed by the regent.

tafrequent, threatened and endangered forestry species are protected as well as their
habitats. Hunting, capturing and collecting floral and fauna species is controlled.
Measurements exist for the protection of infrequent, threatened and endangered spedies,
as well as the charactedstics of their habitats

Measures exist to control hunting, capture and collection of plant and animal species.
Management should orient itself towards the maintenance of ecological functions of the
forest ecosystem. These include: a. Natural regeneration and succession b. Sufficient
genetic diversity to maintain the production system. ¢. Natural processes that affect the
productivity of the forest ecosystem. d. The functions and processes of the natural
drainage system,

Silvicultural treatments, if applied, maintaia the disetancous structure of the forest
Harvest intensity and silvicultural treatments are determined in proportion to the
abundance of each species. Harvesting intensity does not exceed 60% of the aumber of
trees per species with a dap greater than oz cqual to 60cm (technical justification is aeeded
for harvesting trees of lesser dap )

The rate of forest products harvested does not exceed the zate of resource growth,
Measures of control exist to avoid hydric erosion and alteration of natural drainage
systems. ‘

The number of harvested trees is distributed proportionally among the greatest oumber of
currently commercial species.

A professional forester is able to determine the cutting cycle in function of the information
avml'lble concerning natural forest growth and taking into account particular dynamics of
the forest in question,

Subscqucnt barvests ure not varried out for at least 15 years since the last harvest in forests
previously barvested, 0¥ e

Species with 2n abandance of less than 3 mees per hectare (0.3 wees/hectare) aceording to
the preliminary inventary of species with dap > 30em, ate considered to be infrequent
‘within the ecogystem and cannot be harvested,

Banned or restricted tree species with a dap 60 dap should be marked in the feld and
located on a map, These complete the function of seed trees, but are not contemplated
within the 40% of porter trees, reserved during harvesting,

Dead standing and fallen trees can be hasvested if it is technically justified that theiz
removal does not negatively affect the ecological functions of the forest.

Minimal i impaet is made on runeff, seil and water resources through management and
harvesting which take into account the foﬂomng aspects or apphcabie Jevels:

The area of clearings caused by cuttings does not surpass 15% of the area defined as
productive forest.



6.3.11b

63.11¢

6.3.11d
6.3.11e
63.11F
6.3.11g

63132

711
7.1.2
7123

T.1.2b
T.1.2¢

7.1.2d

7.1.2e

7.1.2¢
7.1.2g

712h

The area of gathering landings does not cccupy more than 1% of the area of productive
forest.

Primary roads on which the trucks circulate, do not occupy more than 2% of the area of
productive forest and side roads do not surpass 2% of said area. These roads have slopes
less than 20% and have conservation measures necessary to minimize erosion and damage
to soils and waterways.

Secondary roads, on which the tractors or "skidder” eirculate, do not surpass 8% of the
productive forest. Slopes greater than 40% do not exist on these roads and the Waterways
are functional

Hauling trails occupy a maximum of 3% of the area of productive forest.

In all cases, the sum of area impacted due to harvesting does not surpass 25% of the
effective area.

After harvesting, diagnostic and silvicultural sampling will show that harvesting plus loss
due to damage does not exceed 15% of the otiginal basal area.

Mechanized extraction operations only uses cables and the tractor or "skidder" does not
go outside of the established trails.

Management Plan

The management plan aand support documents establish and cleatly justify the objectives
of the management and the means for achieving it

The structure of the management plan includes a general plan and pperational plans

The general plan contains the following aspecrs:

An executive summazy to present to the forest owner, indepeadent of whether s/he has
delegated the administration of harvesting to a third party. This summary should include:

an evaluation of the sustainability of the ecosystem, in the case of certification; financial
analysis in the case of certification; management objective(s); prognostics of the impacts
and the most relevant means for controlling them; silvicultural activities; aumber of tees
per species that will be harvested with the corresponding minimum dbh barvested; list of
number of parent trees per specics; cutting cycle; proporion of principal aad extraction
roads expressed in linear meters for road type and in hectares of forest; relevant aspects of
the forest the affect sustainability or offer an alternative for noa-timber production.
Management objectives

The state of the property, access roads, land use and a general description of the adjacent
areas,

A description of the forest resources that will be managed, based on the results of the
preliminary mventory {magle of all trees > 30cm), the biophysical Emitations and risks of
management in reladon to the structure and composidon of the forest The sampling error
in the preliminary inventory should not less than oz equal to 20% with respect to the basal
arez of all species.

A descrption of the silvicultural prescriptions based an characteristics of the forest and
information abtained from the forest inventory. The cutting cycle, list of species to be
harvested and harvesting intensity for each species are indicated and justified.

Manitoring plan.

An evaluation of the possible impacts of forest operations on the residual mass, hydric and
edaphic resources and the cortesponding means For control.

The identification and protective measures for infrequent, threatened or endangered
species.
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713
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7.1.3b

7.1.3¢

7.1.3d

7.1.3e
7.1.3f

7.1.3g
7.1.4

814

Maps that describe the forest resources, harvest areas, conservation areas, bydrc resources
and buffer zones, existing roads and land boundaries. The maps should possess the
corresponding cartographic information. Conservation areas include fragile zones and
areas of ecological and cultural importance.

Describe the measutes for controlling hunting, fishing, capture and collection of flora and
fauna.

If matagetnent affects community resources of vital i umportance, measures for their
protection are indicated.

The operational plans for harvesting or silvicultural treatments contain the following:

‘The topographical mapping should be carried out according to a specialized computer
system.

Primary and secondary roads, lnadings, trees to be extracted and parent trees are specified
and located on a map created in relation to the planned harvesting. A copy of the map is
used in the field as an operational puide.

There exists a description and justificadon of the equipment and silvicultural and
h'mresun_g techniques to be used.

Operations which guarantee that natural drainage systems are not affected by harvesting or
raanagement, and that no waterway is obstructed due to haryesting, are based on the
topographical map.

Viable aiternatives for the commercialization of timber and respective market prices are

indicated.

A list of the trees to be cut and thase to be left a3 parent mees.

Technical justification of the harvesting of dead standing or fallen trees.

‘The route of primary roads are marked in the field as well as trees to be extracted and
parent trees.

Monitoring and Evaluation

The management plan should include a monitoring plan that allows the determination of
the impact of management operations. .

Registers should exist of management activites, volume of production per species, and
numbers of runks that are verifiable with the respective transportation guides. Registers
should also exist in the case of production of non-timber forest products.

Those in positions of respoasibility must keep regency repozts available with the
certificates of receipt from the SFA (State Forestry Administration).

Parent trees, infrequent, banned and endangered species are marked as AP. Their location
in the field and their sumeration correspond with their ideatification on the map.

In FMUs greater than 100 hectares and the case of certified forests, permanent sample
plots should exist where monitoring of the dynamics of management areas take place. The
intensity of saropling is not inferior to 1% of the toml area. The varisbles to be analyzed
ares

2. Annual increment in dap (oun/year)

b. Angual increment in basal aren (2 /ha/year)

¢. Martality, regeneration and recruitment

d. Flonste composition
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Maintenance of ecosystem integrity

The processes that maintain biodiversity are conserved in managed forests.

Landscape pattem is maintained

The EMU compiles information about the size of area of each vegetation type in the area
of intervention, compared with the area of vegetation type in the entire FMU.

Change in diversity of habitat as a result of human interventions are maintained within
critical limits as defined by natural variation and/or regional conservation objectives.

The vertcal structure of the forest is maintained within natural varation.

Class size distribution does not show a significant change from the natural vagation.

The frequency distribution of the phases of the regenemation cycle of the forest is
maintzined within the critical limits,

The distribution of 2bove-ground biomass does not show significant changes with respect
to the non-harvested forest

Commuaity structure of distinct guilds do not show sigaificant changes in the
tepresentation of especially sensitive guilds, pollinator and disperser guilds.

The relative abundance of seedlings, saplings and trees of canopy tree spedies pertaining to
the different guilds of regeneration do not show significant changes in comparison with
the undisturbed forest.

The abundance of select guilds of birds is maintained within the ranges of nataral
variaton

The abundance and activity of terrestrial frugivorous mammals is maintained within critical
Henits.

The richaess/diversity of selected groups show no significant change.

‘The richness/diversity of selected groups of large butterflies is maintained within the
natural ranges of variation.

The dehness/diversity and species composition of species the dung beetle guild
(Searabaeinae) do not show: signifieant changes.

Temporal changes in species rchness is not significant.

Population sizes and demographlc structures of selected species do not show significant
change and demographically and ecologically cdtical life-cycle stages continue to be
presented. ' '

The age structure or tree size structure does not show significant changes in comparson
with undisturbed forests.

The rates of population growth do not show significant changes in comparison with
undisturbed forests.

The status of decomposition and putrient cycling shows no significant change.

Dead standing wood and on the ground does not show significant changes in comparison
with undisturbed forests.

The state of decomposition of all dead wood does not show significant changes in
comparison with the undisturbed forest,

The abundance of woody debris does not show significant changes in comparison with
undisturbed forests.
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R - Finegan, eral. 1999

1

Cover of all forest types in the FMU and the spatial patterns formed by the forest typesin

the landscape are conserved.
1.1

Areas and proportions of each community type, both forest and non-forest in the FMU.,
1.2

Degree of fragmentation (patch structure, connectivity and edge features) by foress types,
1.3 Restoration strategies implemented in deforested areas,

Fosest types of special importance for biodiversity conservation are subject to special

management regimes. ‘

2.1 Management plan takes into account and, where necessary, acts upon national and regional

prorities for ecosystem conservaton.
2.2 Specinl measures are taken for the protecton of natural forest types of limited area or
unusual charcterstics.

The modification of each fotest type by management does not exceed established limits.
3.1 Natural disturbance regimes aze not changed,
3.2 Areas extent and proportion of each forest type intervened, to be intervened and in
unmodified reserve areas.
3.3 Proportion of intervened areas in which forest stractural and florisite recovery s
underway.
Protecrion measures are effectvely implemented,
4.1 Strictly protected areas are cleardy marked on maps and in the feld.
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e 2A. Evaluadon Form fa: Evaluation of the priority of all 1&V for further testing in the field,

No of
" the 1I/V

Class of the I/V:

related 1o
managememt{dl)

to the ecological’

inpacis (E)7

Closely and
unarmibiguously
elared to the
assessment
goaly

Easy to
detect,
secord and
interpret?

Provides a
summary ot
integrative
measure?

Adequate
msponse
LRAge 1o
changes in
level of stressy

IMPORTANT and
therefore selected
as "pority” for
further testing in
the Telds
[Zyes 0=no

3

L

3

6.1.1

6.1.2

6.1.3

6.2.1

622

6.3.1

6.3.2

633

6.3.4

635

6.3.6

637

638

639

6.3.10

6.3.11

6.3.12

6.3.11u

6.3.11b

6.3.11c

6.3.11d"

6.3.11e

6.3.11F

6310

7.1.1

712

7.13

7.1.4

71.22

7.1.2L

7.1.2¢c

7.1.2d

712

/.12

7.1.2¢

7.1.20h

7.1.21

ONCF

7.1.3a

UNCH

7.1.3b

CNCF

7.1.3¢c

NG

7.1.3d

CNCF

i7.1.3e

CNCF

7.1.3F




_ Evaluation of the priority of all I&V for further testing in the field (cont.).

No. of
: R OF the Iﬂr

Class of the I/V:
relatad 1o
management{V)
1o the ecological
impacts (E)7

Closely and
unamibiguously
related to the
ASSESSINENT

goal?

Fasy ro
detect,
record and
interpeer?

Provides a
SUSUnaLy or
integrative

measnee?

Adequate
£25ponse
range o
changes in
level of stress?

IMPORTANT and
therefore selacted
as "prody™ for
further testing in
the fieldy
1=ycs O=no

36

L%}

e

]

[ e

713

8.1.1

5.1.2

8.1.3

k.14

GrOR {211
FOR (2121

OFOR (2122
7 2.1.24

2125

2.1.2.7

TFOR 2125

TFOR  12.1.3.1

JFOR (2152

[FOR [2.1.3.6

GFOR (2145

IFOR [2.14.3

CRUR (2144

HFOR  [2.1.4.6

GFUOR 12153

JFOR [2.1.54

IFOR  [2.1.6.1

EIFOR  [2.1.6.2

GFUR 12.1.6.3

IFOR™ 1.1

OFOR 1.2

IFOR' }1.3

GFOR (2

IFOR" 2.2

OR_ |54

IFOR’ 13.2

LFOR 5.5

KIFORT 4.1

8

CNCF 1999, CIFOR - Prabhu er 2/ 1999, CIFOR® - Finegan er af. 2000.



. 34. Form Ib. Ranking and Rating of I&V.

fease gll in this form before 05/22/00.
orc information and/or demiled instrucdons piease sce the background document provided.

3 5 7 9
less moderately more extremely
imporiant important important important

Rank Rarting (sum = 100) Comments

Rank Rating (sum = 100) Comments

fadicator Rank Rating (sum = 100) __|Comments
5.3.1
632

| Evaluation of the sub-indicators associated with CNCF criteria 6.3.11.

Sub-Indicaror Rank Rating (sum = 100} Comments
83.11a
G e31b
[ [63.11c
FB3a1c
SE3AF
.5 311




Rank Radng (sum = 100) Comments

caluation of the sub-indicators associated with CNCF criteria 7.1.2.
i

Rank Raring (sum = 100) Comments

sagion of the sub-indicators associared with CNCF criteria 7.1.3.

g:{l;.lndicatot Rank Rating {sum = 10 Comments

Rank Rating (sum = [00) Comments

Bvaluaton of the indicators assoctated with CIFOR* criteria 2.1.1.

Verifier Rank Ratng (sum = 100) Comments
2111

80




. Ravng of I&Y (cont.).
o 1. Ranking and 4

.. of the indicators associated with CIFOR criteria 2.1.2.
uagon

Rank Raring (sum = 100) Comuments

juation of the indicators associated with CIFOR criteria 2.1.35.
At

Rank Rading (sum = 100) Comments

luation of the indicators associated with CIFOR cateria 2.1.4.

—F Rank Rating (sum = 100) Comments
. er

@uadon of the indicarors associated with CIFOR criteria 2.1.5.

Neafior Rank Radng (sum = 104) Comments

Raring (sum = 100) Commenis

Rank Rating (sum = {(0) Comments

8t




{p. Ranking and Ratng of I&V (cont.).

« arion of the indicators associared with CTFOR’ criteria 2.

Rank’ Radng (sum = 100) Comments
éﬁjmden of the indicators associated with CIFOR' criteria 3.

Rank Rating (sum = 100) Comments
Evaluation of the indicators assocated with CIFOR! criteria 4.

Rank Rating (sum = [00) Comments

82

*CNCF 1999, CIFOR - Prabhu er af [999, CIFOR" - Finegan er a/ 20000




e il in this form before 05/22/00.
Jicarc column 2 with an "X" in the space provided.

Jicate columa 3 with an "X" or suggestion of another entity in the space provided.
; morc information of detailed insaructions please sce the background document provided.

513 4A. Form lc: Designation of responsibility for the application of identifiable groups of I1&V.

ENTITY DESIGNATED AS RESPONSIBLE FOR APPLYING GROUP OF 1/V

oup of 1 /V identified Forest Manager
assoicated C/1. or Operatar

Other Entity

[FOR' 4

*CNCF 1999, CIFOR - Prabhu er af 1999, CIFOR' - Finegan er al. 2000.




fable 5A. Form 2 Field Test and Evaluation Responses

post's Tnitials: [IMS_[Source of 1/V: [CIFOR|Number [2111 |Class (M/E)

COMMENDATION AFTER FIELD TESTING: YES
NO

X

Wording of selected 1/V as stated iz manual:

[The FMU compiles information about the size of area of each vegetation type in the aren of intervention, compared with
s{;” ettion type in the emire FMU.

stification or main argument for selection of 1/V:

;"r',formatiOﬂ about the area size is very important for any SFM process to succeed in time and space.

ATTRIBUTES: Usea scale of 1-5: 1=no/bad/unimportant; 5=yes/ good/important

-:?rovides a sumrmary or integrative measurge

. osely and unambiguously related to the assessment goal
Adequate £eSponse range 0 stress (sensitive)

" ingnostically sigaificant

Appealing to users

Fasy to detect, record and interpret? Feasible?

Precisely defined? (clear)

Wil 1t produce Teplicabel results? {reliable)

_How relevant is this 1/V?

i o len

U ja 1 Ut FLn

.Provide bibliographic references (if any):

Would this I/V need to be evaluated:
Inthe field? [ jmteoffice | ] In both? X

Note what documentation would be required if the I/V were used in a field assessment of FMU.
chgeration maps, etc.

':'Does the 1/V define:

i ::3 Hmen Frrput i ]Hm“n:m Process {:::j Qurcome {:l

_ "':'_1'3 Does the 1/V refer to
.| Swess on the system I:Smte' of the system 1: Response of the system :]

| Final version of I/V Gf different from original)




Please record your notes on evaluating this I/V here:
Pleasc =

Diary of Important Actions to Evaluate I/V:

Date Action

Remarks

i

Lo
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";,ble 7A. HBDE Results for element attributes, priority for further evaluation, relative importance

a;ﬂd designation of responsibility for the initial sct of PCI&V.
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TCIFOR 1999 = 4 < =
6.1
1611 3 3 3 7 YT BT 98 | 02
etz 4 4 4 4 o8 40
s .
L 1612 4 2 3 3 057 42
162t ! 3 y 0.8 | 02
. s : 2 : 3] 100 1
6.3 3] 086] 39
— 1 0
- igg; ;‘ 3 3 3l ose] 9
- 3 4 44 100l 11
1032 4 3 4 3l 086) 13
— 16.3:4 4 4 3 3l ossf 7
= T —— -
| - 4 4 31  100] 8
;gg; i 4 3 3 onf e
T ; 4 4 4 o086 8
16.3.10 3 j : L
16.3.11 4 3 : A 02 3
16.3.11a 3 3 : 4oy 12
16.3.11b 4 3 : . o7l 13
T6.3.11c p . 3 osd 19
16.3.11d 4 : ; 2. 0.86 13
T6.311e p : : 3086 13
16311 T : - = ST S
16.3.11g n : ! 2 086 2
16.3.12 3 2 : 085 18
=71 4 3 3 o071l 6
1 0
A 3 5 4 3l o057 13
A 4 4 4 3 o] 27
7.1.2 3 4 4 3l 043 g
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7.1.2e 4 4 4 3 071 9
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Tou 713 3 4 4 3 0.67F 20
! e 71.3a 3 5 4 3 0.43 34
T 7.1.3b 4 4 4 4 0.71 12
T 7.1.5¢ 4 4 4 4 0.71 14
""’” 7.1.3d 4 4 4 4 0.57 8
T 7.1.3e 2 3 3 2 0.29 22
" 7.1.3¢ 4 4 4 4 0.71 10]
" 7.1.3g 3 4 3 3 0.29 U
" 7.14 4 5 4 4 0.7 40
8.1 0.4 0.6
T 18.1.1 3 4 3 3 0.57] 26
T 18.1.2 3 4 3 3 0.571 19
18.1.3 4 5 4 4 0.86§ 31
T 18.1.4 3 4 4 3 0.86] 24
CIFOR 1999
P2
Ca21
12.1.1 0.6 0.4
V21.1.1 3 3 4 3 071 100
12.1.2 0.6 0.4
vatzil 4 3 3 3 1.00f 22
V2122 4 3 3 4 086F 21
V2.1.24 4 3 3 3 0.86] 16
V2.1.2.5 4 4 3 4  o086f 19
V2127 3 2 3 3 0.50 11
V2.1.2.8 3 2 3 3 0438 11
12.1.3 0.2 0.8
V2.1.3.1 4 2 11 3 0.71] 33
V2.1.3.2 4 2 3 3] 086} 33
V2.1.3.6 4 2 3 3 0.86] 33
12.1.4 0.4 0.6
V2.1.4.3 4 2 3 33 086 27
V2143 4 2 3 3 0711 20
V2.1.4.4 4 4 4 4  0.80] 30
V2.1.4.6 4 2 4 3 0.86] 24
12.1.5 0.4 0.6
V2.1.5.3 4 4 3 4  o086f 356
V2.1.5.4 4 3 3 3 0.71] 44
12.1.6 0.4 0.6
V2.1.6.1 3 3 3 3N 043] 25
V21.6.2 3 2 3 3 0.29] 24
V2.1.6.3 4 2 3 3] 029§ 51
CIFOR'
1.1 4 3 4 3 0.86f 40 0.2 0.8
1.2 4 3 4 31 0861 36
1.3 3 3 3 3 0711 24
2.1 3 3 3 3l 086 46 0.2 0.8
2.2 4 3 3 3 1.00{ 54
3.1 4 2 3 33 07y 42 0.4 0.6
3.2 4 4 4 3] 083 28
3.3 4 3 4 3 0.83] 30
4.1 4 4 4 3 1.00] 100 0.2 0.8
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Table 8A. Sunumary-of recommendation status of CI&V after Phase 2.

impacts on the stand, soil
and water are evaluated by
the regent and reported tor
the State Forest
Administradon (AFE).

3
o o -
o o g 18 9 .
2 g g . E S {8 Description
5 B 8 = g |5 |8 (shows recommended
£ 5 g 5 g |l | T version .
O ~ > @ |2 | when modified) Observations
[CNCF
06 Management Impact
C6.1 Forest management seeks to |This criterion should be
reduce the impacton the  |combined with €6.3,
structure and compesition  |resulting in-on two criteria
of the forest, hydric erosion |under PG.
of the soil, water
contamination due to
erosion and sedimentation
: of natural drainage systemns.

16.1.1 NO The management plan The idea is closer to a
establishes agreement to principle of sustainable
maintain impacts within the |management rather than an
limits mentioned under this |indicator. An agreement is
prindiple. not very relevant to

ecological sustainability.

16.1.2 NO* The management plan _ In its current forrp, this
descrbes the means for should be considered in a
controlling impacts and code of practices (CP) (see
these are applied in the field. |observations for 16.3.11 aad

P7). Here indicators could be

i proposed in terms of
"results" or "system
response” that incorporate
indicators for changes in
species composition (ie.
birds, insects, mammals).
*However, untila CP is
developed and legally upheld,
this indicator should not be

I removed from the current
standard

16.1.3- " |NO*[YES |YES |During and after harvesting- | This indicator should be

taken-into consideration- \
under 16.3.11. The aspects toff
evaluate and the i
methodologies for evaluation |
should be specified in the CPJ}-
And then C&I should be .
developed and used to
determine the fulfillment of
the performance standards

proposed by the CP.
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*However, undla CP js
developed and legally upheld,
this indicator should not be
removed from the currear
standard.

determined in direct

proportion to the

C6.2 Infrequent, threatened and
endangered forestry species
are protected as well as their
habitats. Hunting, capturing
and collecting floral and
fauna species is controlled.

16.2.1 YES [YES [YES |[Measures exist for the A description of the means
protection of infrequent, for protection, conservation
threatened, banned, and management of these
restricted and endangered  [species and their associated
tree species, as well as for  [habitats is necessary. This
the protection of the could be provided in the CP.
characteristics of their ‘These terms should be better ||
habitats. Their locationin  |and cleatly defined by a
the field and their group of experts, based on
identifying numeration the information available
cotresponds with the map  |from corrent forest
associated with tree location, |inventories. Forest managers ||

and those responsable for
management evaluations
must be provided with
training in order for accuzate
identification of these

i species.

16.2.2 YES [NO [YES |Measures exist to control  {The eode of practices should
husating, capture and describe the means for
collection of plaat and developing and carrying out
animal species. these measures.

ll C6.3 Management should orient |(see comments for C6.1)
itself towards the-
mimenance of ecologicad
functions of the forest
ecosystern, These include: a.
Natural regeneraton and
succession b. Sufficient
genetic diversity to maintain
the production system. <.
Natural processes that affect
the productivity of the
forest ecosystem. d. The
functions and processes of
the natural drainage system.

16.3.2 YES |YES [YES |Harvest intensity and Harvesting norms should be
sitvicultural treatments are  [omitted from the indicator.

The norms.should be
included in the CP.
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abundance of each species.

16.3.3 YES |NO [YES |The rate of forest products [This is only verifiable at this
harvested docs not exceed  [level if the necessary
the rate of resource growth. [information from monitodag

is available.

16.3.4 YES [NO [YES {Measures of control exist to [This should be included in
avoid hydric erosion and  |the CP which should explain
alteration of natural drainage |the measures and
Systems, methodologies.

16.3.5 YES |YES [YES |All commercial species with |This indicator requires lists of]
abundance equal to or commercial tree species
greater than 03/ha are according to forest type. Itis
harvested, excepdons must |noted that trees accepted in
be justified in terms of the |the market at a given time is
current market. very dynarnic.

16.3.6 YES [YES [YES [lhe cutting cycle is Methodologies to determine
determined in function of  |cutting cycles and the
the information available  [minimum allowed pedod
concerning natural forest  |should be indicated in the
growth aod taking into CP.
account particular dynarnics
of the forest in question.

16.3.7 NO* INO YES (Subsequent harvests are not {This is a norm and an aspect
carried out for at least 15 |of planning and should be
years since the last harvest in|considered in the CP.
forests previously harvested. [*However, until a CP is

developed and legally upheld,
this indicator should not be
removed from the current
standard.

16.3.8 NO YES |Species with an abundance [Redundant. This should be
of less than 3 trees per integrated with 16.2.1.
hectare (0.3 trees/hectare)
according to the preliminary
inventory of species with
dap > 30cm, are considered
to be infrequent within the
ecosystern and cannot be
harvested.

16.3.9 NO YES |Banned or restricted tree |Redundant This should be
species with a dap >60 dap |integrated with 16.2.1.
should be marked in the

field and located on a map.
These complete the function
of seed trees, but are not
contemplated within the
40% of porter trecs,
reserved during batvesting,
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16.3.10 YES [YES [NO {The volume or quantity of
dead standing wood or on
the ground corresponds to
the volume or quantity
justified in the management
plan or the harvest
Operation plan.

16.3.11 YES |YES YES [Minimum impact is made oa Al of the sub-indicators
the stand, soil and water related to 16.3.11 are nogms
resources in the execution of|for reducing forest
management and harvesting jmanagement impacts. Itis
which take into account the |recommended that these

aspects and levels norms be removed from the
established by the code of  [national standard for
practices. sustainable forest

management aad form part
of a separate decree that
serves as a code of practices
for the planning and
implementation of forest
management. *However,
until a CP is developed and
legally upheld, this indicator
should not be removed from
the current standard.

16.3.11a NO* INO [YES ['lhe area of clearings caused ['Lhe term "clearing" should
by cuttings does not surpass |be clearly defined in the CP
15% of the area defined as  |as well as the methodology
productive forest. for its quantification.
Decreases in percentage
should be evalnated
pesiodically over time after
harvesting.

16.3.11b NO*INO |YES [The area of gaps does not | The term "gap" should be
occupy more than 1% of the [clearly defined in the CP.
area of productive forest.

16.3.11c NO*NO |YES (Primary roads on which the |The terms "primary road"
trucks circulate, do not and "side roads” should be
occupy mote than 2% of the [clearly defined in the CP as
area of productive forest  |well as the methodology for
: and secondary roads off their quantification.

S these roads does not surpass
i 2% of said area. Pri

roads only exist on slopes

'T less than 20% and inchide

. conservation measures
necessary in order to

i minimize erosion and
damage to soils and
waterways,
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16.3.11d NO* [NO |YES |Secondary roads, on which |[The term "secondary roads"
the tractors or "skidder" should be clearly defined in
circulate, do not surpass 8% |the CP as well as the
of the productive forest. methodology for its
These roads do not exist on |quantification.
slopes greater than 40% and
waterways remain
functional. At the end of
the opceration, these roads
are closed and measures are
taken to avoid erosion and
restore the functions and
processes of the natural
drainage system.

163.11e NO* [YES [YES (Skid trails occopy at least  [An increased area of skid
25% of road infrastrucrure. |trails, indicates a decreased

area of secondary roads.

I63.11f NO* Int all eases, the sum of area
impacted due to harvesting
does not surpass 25% of the
effectve area.

[6.311g NO Alfter harvesting, diagnostic |The precision of diagnostic

' and silvicultural sampling  |sampling is infedor to the
will show that harvesting  |percent of the reduction in
plus loss due to damage basal area that is being
does not exceed 15% of the |evaluated.
otiginal basal area.

16.3.12 YES [YES {YES [Mechanized "The CP should define the
extraction/skidding term "skid trails" as well as
operations follow the when and how to use cables.
protocol for the use of It should be noted that the
cables. most important and effective

measure with skid trails is to
assure that there are no
unnecessacy trails, or trails of
an unnecessary width.

P7 YES |YES [YES {Planning *It is recommended that

Principle 7 and its respective
C&I, as they currently appear
in the Standards and Procedures
for Sustainable Management and
Forest Certtfication in Costa Rica
(CNCF 1999) are removed
from the current document
and made into a separate
national decree that serves as
a code of practices (CP) for
the planning and
implementation of forest
management, Itis also
recommended that Principle

7 and its respective C&J be
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modified as they appear here.
It should be noted that it is
of the utmost importance
that this code of practices is
created and upheld legally
before modifications to P7
and its respective C&d are
made as they appear in this
document. *However, until a
CP is developed and legally
upheld, this indicator should
not be removed from the
current standard,

7.1

NO

‘The management plan and
supporting documents
clearly establish and justify
the management objectives
and the means for achieving
them.

1711

YES

There exists a management
plan developed according to
the code of practices and
legally approved by the SFA.

> [ The management plan is

updated.

17.21

The management plan is
revised in each cutting cycle
to incorporate results from
evaluation and monitoring
and new scientific and
technical information that
responds to the changes in
technological,
environmental, social and
economic circumstances.

Mogitordng and Evaluaton

C8.1

The management plan
should include and execute a
monitoring plan that allows
the determination of the
impact of management
operations.

18.1.1

Records exist on
management activites,
production volume per
species, and numbers of
trunks. These registers
should be verifiable in
accordance with the

respective transportation
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guides.

18.1.2 NO* Regent reports and This should be taken into
appropriate certificates of  |account in the CP, which
approval by the SFA are would indicate the minimum
maintained available. amount of information

necessary in the regent
reports as well as the
standard methodology for
data collecdon. *However,
until a CP is developed and
legally upheld, this indicator
should not be removed from
the current standard.

18.1.3 NO Parent trees, infrequent, Redundant after revisions
banged and endangered made to 16.2.1.
species are marked as AP.

Their location in the field
and their numeration
correspond with their
lidentification on the map.

18.1.4 VES |YES |YES {In FMUs greater than 100 |PSP are essendal for
hectares and the case of following changes in the
certified forests, permanent |ecosystem. A code of
sample plots should exist  |practices should indicate the
where monitoring of the means for establishment,
dynamics of management  |maintenance and
areas take place. The measurement associated with
intensity of sampling is not |PSP as well as the variables to
inferior to 1% of the total  janalyze. The appropriate
area. The variables analyzed {personnel should be provided
are: annual increment in dbh [with the associated training
(rnm/yr); annual increment  |for their management.  An
in basal area (m"2/ha/yr); |organized daea base should
mortality, regeneration and  [be created and made available
recruitment; Aoristic for coordination and research
composition efforts.

ICIFOR
P2 Maintenance of ecosystem
integrity
Cz21 The processes that maintain
biodiversity are conserved in
managed forests.

12.11 Landscape pattern is

maintained
V2111 ‘The FMU compiles

information about the size
of area of each vegetation
type in the area of
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intervention, compared with
the area of vegemtion type
in the entire FMU.

1212

Change in diversity of
habitat as a result of human
interventions are maintained
within critical limits as
defined by natural variation
ancl/or regional

conservation objectives.

V2121 |[YES [YES YES |The vertical structure of the [The eritical fimsts and natural

forest variation need to be defined
and/or monitoring must be
implemented. "L'his indicator
is more direct than the
measurement of clearings,
but not as precise.

V2122 NO Class size distribution does |The legally permitted harvest
not show a significant does not greatly affect
change from the natural diametric distribution.
variation. Furthermore, the precision

for such measurement is
poat.

V2124 [YES [YES [YES [The frequency distribution  {The idca is recommendable
of the phases of the for monitoring yet it should
regeneration cycle of the be noted that dynamic
forest sampling is required (L.e. two

times during the cutting
cycle) as well as highly trained
personnel.

V2.1.2.5 |YES |YES [YES |Canopy opening within the |Seeks to minimize direct light
understory which reaches the forest

floor. "This indicator requires
reference data (before
harvesting) and/or the
implementation of
mogitoring,

V2127 |NO The distribution of above- |Current methodologies for
ground biomass does not  [determining biomass are not
show significant changes  [precise. Changes in volume
with respect to the non- are more easily measured and
harvested forest more importaat for

evaluating sustainability.

V21.28 [YES |YES {YES |Dead standing wood and on This is clearly associated with
the ground the existence of habitats and

is casy to detect. Care must
be taken with precision of
measurements and points of
reference.
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1213 Community structure of
distinct guilds do not show
significant changes in the
representation of especially
sensitive puilds, pollinator
and disperser guilds.

V2131 [YES {YES [YES |The relative abundance of  [Sapling sampling (<30cm
seedlings, saplings and trees |dbh) should be added to the
of canopy tree specics CP or to CNCT 17.1.2d. 1t
pertaining to the different  [should also be made clear
guilds of regeneration that changes recoverable with

reasonable amounts of time
are permitted. This V also
requires a list of canopy
species for the region or area
of management with the
respective classification
according to guild. There
also exists the need for
personnel to be trained in the
associated evaluation and
management of these species.

V2132 |YES |[YES |YES The abundance of select References data is needed
indicator groups of birds ~ |according to forest type. The

indicator groups and the
‘monitoring methods and
periods should be included in
the CP.

V2.13.6 |[YES [YES [YES {The abundance and activity |The indicator groups should
of select indicator mammal |be defined in the CP, and
groups reference data, or a system of

control with an undisturbed
forest or monitoring methods
should be implemented.

1214 The richness/diversity of
selected groups show no
significant change.

V2143 [YES |YES [YES |The divessity of selected The indicator groups should
indicator groups of be defined in the CP, and
butterflies reference data, or a system of

control with an undisturbed
forest or monitoring methods|l
should be implemented.

V21.4.3 |YES |YES |YES [The diversity and species  |Indicator species and their
composition of select relatonship with other
indicator species of the dung|organisms should be clearly
beetle guild (Scarabaeinae) |defined in the CP. The

methodology for

identification needs to be
determined as well as
reference data according to

forest type.
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V2.14.6INO Temporal changes in species{This V is not very precise and
richness is not significant  |would require very intensive
sampling.
1215 Population sizes and
demographic structures of
selected species do not show
significant change and
demographically and
ecologically critical life-cycle
stages continue to be
presented.

V2.1.54 NO The rates of population This is important from the
growth do not show point of view of timber
significant changes in production, not necessarily
comparison with from ecological sustainability.
uadisturbed forests.

121.6 The status of decomposition
and nutrient cycling shows
no significant change.

V2.1.6.1{**No Dead standing wood and on [**The idea is relevant for
the ground does not show  |evaluating ecological
significant changes in sustainability but it requires
comparison with moze research at this time in
undisturbed forests. order to define the

appropdate lapse of time for
measurement. Verifiers
2.1.61,2.1.62and 2.1.6.3
could be integrated and used
to determine the state of
decomposition in relation to
volume/abundance according
to forest type. The
importance of leaf litter
(presence/absence) could
also be considered as and
indicator of the rate of
decornposition. Any all
cases, this requires points of
reference or monitodng,

V2.1.6.2 **No The state of decomposition
of all dead wood does not
show significant changes in
comparison with the
undisturbed forest.

V2.1.6.3 [**No The abundance of woody
debsis does not show
significant changes in

compatison with
undisturbed forests.
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Table 10A. 1&V Classifications and Groupings

&
&
CNCF 1999
P6
[ C6.1
[ 16.1.1 input pressure M
16.1.2 DIGCess pressure M
16.1.3 process pressure M
C6.2
16.2.1 Process pressure M
16.2.2 process pressure M
Co.3
16.3.1
16.3.2 DIOCESS pressure M
16.3.3 PIOCEss pressure M
16.3.4 process pressure M
16.3.5 input pressure M
16.3.6 prOCess pregsure M
B 16.3.7 process pressure M
16.3.8 process pressure M
16.3.9 process pressuce M
16.3.10 process pressure M
16.3.11 process pressure M
16.3.11a N/A N/A M
16.3.11b N/A N/A M
163.11¢ N/A N/A M
16.3.11d N/A N/A M
16.3.11e N/A N/A M
16.3.11F N/A N/A M
16.3.11g N/A N/A M
16.3.12 process pressure M
C7.1
7.1.1 input N/A M
7.1.2 input N/A M
7.1.2a N/A N/A M
7.1.2b N/A N/A M
7.1.2¢ N/A N/A M
7.1.2d N/A N/A M
7.1.2¢ N/A N/A M
7.1.2F N/A N/A M
7.1.2g N/A N/A M
7.1.2h N/A N/A M
7.1.2 N/A N/A M
7.1.3 input N/A M
7.1.3a N/A N/A M
7.1.3b N/A N/A M
7.1.3¢ N/A N/A M
7.1.3d N/A N/A M
7.1.3e N/A N/A M
T.1.3f N/A N/A M
7.1.3¢ N/A N/A M
7.1.4 process pressure M
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C7.2

7.2.1 process N/A M
C8.1
i8.1.1 process pressure M
18.1.2 process N/A M
i8.1.3 process pressure M
8,14 process pressute M
CIFOR 1999
P2
C2.1
212
V2121 result response E
V2122 result response K
V2.1.24 result response E
V2.1.25 result cesponse o
V2127 result respanse B
v2.1.28 result response oA
12.13
V2.1.3.1 result LESPORSE il
V2.1.3.2 result response 28
V2.1.3.6 result response 24
1214
V2.1.4.3 resylt response jad
V2143 result response E
V2146 result response K
I2.15
V2.1.54 result response B,
12.1.6
V2.1.6.1 cesuft response a4
V2.1.6.2 result FESOONSE E
V2.1.63 result response <4

Class: M = Production of Goods and Services, B = Ecology
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field forms
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Parcelas de 5x5m Fecha: Nembre def observador:

Formularios para la toma de datos asociados con los verificadores:
V2.1.3.1 Abundancia relativa de latizales bajos (1.5m altura - 4. 9cm dap).

{* RLP = Residuos leflosos pequefias)

#de | diam | diam | large

#de | #de Nembre Coman dap
geccién! inf om) |sup em)|  {m)

parcela|indydo {em)
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parcelas de 10x10m Fecha: Nombre del observador:

- jormulario para la toma de datos asoclados con los verificadores:

2131 Abundancia relativa de gremios de latizales altos (LA) (5.0 cm - 8.9cm dap):
- 12.1.2.8 Descomposicion de la madera muerta en el suelo (RLG: »10cm, =1.5m)*
" p161 Volumen de madera muerta en e! suelo (RLG: >10cm, >1.5m)*

- #ALG = Residuos lefiosos grandes; TC = frencos caldos; R = ramas)
. wFavor usar la eseala de Pyle y Brown 1999)

" Fde [#de | Nombre Goman

#de| #de | diam | diam jlargoiescalade| #de [|entradas
. arcelajarbol

RLG|seccién| Inf {em) [sup {em)] {m) |descomp*! huecos | sk no=0
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Parcelas de 10x10m

Fecha:

Formulario para la toma de datos asociados con los verificadores:
2.12 1 Eshuctura vertical del besgue

V2 1.2.4 Distribucidn de fases del ciclo de vida
V2125 Apertura del dosel del sectobosgue

I (" 0=0%;1=1-33%; 2 = 34-86%; 3 = 67-100%)
= TiED, = 0% UetiEio Ue EpeTiore Bn Et dosel 2 TeruTRInesion = 50% detvalo te wpethns,; 3= duns! cErald)

Nombre del observador:

# de
parcela

% de cobertura (0-3)* a la altura de:

0-2m 2-10m 10-20m 20-30m

>30m

Fase de ciclo |
de regen (1-3)*
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ylario para la toma de datos asaciados con los verificadores:
1 Abundancia relativa de fustales {> 10.0 ¢m dap):

2 Distribucian por clases de tamarfios (> 10cm dap)

7 Distribucion de biomasa arriba del suelo (> 10em dap)

3 Estructura de edadftamaria de drboles (> 10cm dap)

154 Tasas de crecimiento de poblaciones (> 18cm dap)

8 Decompaosicion de la madera muerta en el suelo (AMP, )

1 Volumen de madera muerta en el suelo (AMP, T)

2 Estado de descomposicion de toda la madera muerta

Arbol muerto en pie; T-Tocon)

sin ningun dafio; 2 = moderatemente dafiado; 3 = gravamente dafiado)
Iyor usar la escala de Ghazoul 1998)

celas de 30x100m  Fecha: Nombre del observador:

Nombre Comin |# dejdap | alt | alt |estade

AMP| dapem/| alt
eje 1{em)| totm |comm| copar| | Jsie**

! T {diamiem)| totm)

ascalam™

descomp | hu

ancho

FRRE PO T ot
g {0 B | Bl

T

Tt

P Jieeny

e




Parcelas de 30x100m Nombre del cbservador:

Formulario para la toma de datos asociados con los verificadores:
V2.1.3.2 Abundancia de gremios de aves

(*# P = numero de parcela; V = Vista, E = Escuchada)

Fecha:| # P* I# Indy Especie V/E* Fecha: | #P* |#Indv] Especie |V/E*
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parcelas de 30x100m Nombre del observador:

Formulario para la toma de datos asociados con los verificadores:
v2 1.3.2 Abundancia de gremios de aves

(*# P = numero de parcela; V = Vista; E = Escuchada)

Fecha:| # P* |# Indv Especie VIE* Fecha: | #P* j#Indv| Especie |V/E*

109




Transectos Nombre del observador:

Formulario para la toma de datos asociados con el verificador:
V2 1.4.3 Rigueza/diversidad de escarabjos

(*# 7 = numero del transecto; T (m) = el largo del transecto en metros)

Dia 1 - Fecha Dia 2 - Fecha Dia 3 - Fecha

# 1" | T{m)*| Especie | Cantidad} # T° | T{m)'| Especie | Cantidad| # T° | Tim}P*| Especie

Cantidad
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Transectos Nombre del observador;

Formulario para ia toma de datos asaciados con el verificador:
V2.1.3 6 Actividad de mamiferos

(*# T = numera del transecto; T {m) = el largo del transecto en metros)

Dia 1 - Fecha Dia 2 - Fecha Dia 3 - Fecha

#T* | T{m)*"| Especie | Cantidad| # T* | Tim)*| Especie | Cantidad{ # T | T{m)*| Especie

Cantidad
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Transectos Nombre del observador:

Formulario para la toma de datos asociados con el verificador:
V2.1.4.3 Riquezaldiversidad ds mariposas

{(*#T = numero del transecto; T (m) = el largo del transecto en metros)

Fecha: | # T | T(m)*] Especie Cantidad Fecha: | # T | Tim)*| Especie Cantidad
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field results
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Field Practice Application Data Results and Analysis

Dead Standing Wood (DSW) and trunks (T) in 30x100m plots

plot |individ | DSW | dbhemy/ | tot vol | decomp | #of
# # FT™ | diaten | Bt{m)] M3 | scale holes
1 3| AMP 30 8| 6.788 1 0
1 4] AMP 17 2] 0.728 7 G
1 13] AMP 10 B] 0.754 1 0
1 101 AP 12 6] 1.032 2 8]
1 15] AMP 9 20} 2.038 2 1
1 11 AMP 23 5{ 3.324 3 0
1 6 T 17] 3.5} 1.332 1 0
1 NN T 18 2] 0.814 1 [
1 18 T 14 3} 0.697 1 0
1 50 T 28] 25| 2483 2 2
1 Bl T 25 2] 1.571 2 0
1 9 T 28 5] 4.348 2 0
1 12 T 17 1] 0.380 21 >10
1 2T 86 1.1] 8.02% 3 ki
1 14, T 351 2.3| 3.541 3 1
1 11 T 15 3] 0848 4 =10

# DSWI# DSW| Volw | Volaw | 2T #T Volr | Volr

/plot /ha Iplat /ha plot | /ha fplot /ha
6 19.88] 14.658 | 48.811 10)  33.3] 21.165]70.481

Large woody debris (LWD) measured in 10x10m plots
plot LWD {1 sechon diam diam | length vol scals of Fof CRGANCES
# # # inf (cm} lsup {om) {m} {m"3) decomp holes } y=1 no=0
10.31 105 2 0.272
10.1] 102 221 0285
10.2 10 2.1 0.269

84| 172 1.8} 0.400
11.86] 132 3.3 0638
16 16 2.6] 0.835

rapa i —tfa]
bS]~ fpalrof
[N Y N FNY B Y
Alolriw|wjw
izl sl el lalle)
oiglolo|ols

#LWD[# LWD{ Voliwe | Volwe
1200m2] fha | 1200uez Tha
5 2501 2.700 | 135.001
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Small woody debris (SWD) measured in 5x5m plots
plot | SWD jsection}| diam | diam {lsngth| vol
# # # inf (cm) pup (cml (m) | (m"3)
1 1 1 65 85 21 0111
1 2 1 4 351 28] 0.049
1 3 1 441 487 1.3} 0035
2 1 1 521 49| 24 0077
2 1 2 451 38| 23] 0080
2 2 1 3.7 26] 1.7 0.021
2 3 1 8.1 101 18] 0183
3 1 1 7l 541 257 0121
4 1 1 421 44l 18] o042
4 2 1 23] 331 1.7 0017
4 3 1 471 521 241 0074
# SWD [# SWD| Volswo | Volswo
100m2i /a | HOOm2| /ha
10 1000( 0.781 | 78.079
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Abundance and volume of dead standing trees according to degree ofdecomposition

Degree of Decomposition (per plot)

1 2 3 4 5
Abn [Vol Abn Vol Abn [Vaol Abn |Voi Abn |Vol
3 82685 21 3068 11 0012 ¢} 0 0 ¢}

Degree of Decomposition (per ha)

1 2 3 4 5
Abn |Vol Abn Vol Abn Vol Abn Vol Abn Vol
9.88] 27.598 71 160.22 3| 0.0384 0 0 §] 5

Abundance and volume of trunks according to degree of decomposition
Degree of Decomposition (per plot)

4] 1 2 3 4 5
Abn {Vol Abn Vol Abn jval Abn [Val Abn Vol Abn  |Val
0] 0.000 3| 2.843 4 B.780 2{ 9.582 1] 0.848 0 0

Degree of Decomposition (per ha)

0 1 2 3 4 5
Abn |Vol Abn [Vol  [Abn Vol Abn Vol Abn |Vol Abn Vol
0 0l 10 9.468] 13| 28.172 7| 81.841 31 2.8238 0 0

Abundance and volume of LWD according to degree of decomposition
Dagrse of Decomposition (par plot)
0 1 2 3 4 5
Abn Vol Abn Vol  |Abn Vol Abn Vol Abn Vol Abn Vol
0] 0.000] ojo0000f 1| 0400] 4] 1484 1| 0836 0 g

Degree of Decomposition (per ha)
0 1 2 3 4 5
Abn Vol Abn [Vol [Abn |Voi Abn |Vol Abn [Val Abn |Vol
0 ¥ 5] 0| 50} 20.000| 260 73.900| 50] 41.800 0 0
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