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•  We assess forest structural heterogeneity and its change via remote sensing.

•  We perform biodiversity surveys of 3 fauna groups and vegetation.

•  We model composition dissimilarities based on structure and  
logging intensity.

•  We model species richness based on structure dynamics and  
logging intensity.

•  We propose structure dynamics as proxy for assessing management impact 
on biodiversity at large scale.
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The inclusion of sustainable forest management (SFM) as part of the 
activities considered under REDD+ has given additional relevance to 
the question of how to assess the sustainability of SFM practices at large 
scale. 

This highlights the logistical limitations related with traditional field approaches and the 
necessity for linking such assessments with the data used to assess other REDD+ activities 
like Deforestation and Degradation as part of the overall MRV exercise. Past results have 
shown how forest management variables such as harvest intensity are correlated with forest 
structural heterogeneity dynamic change and how both these are related with biodiversity 
levels of indicators groups such as dung beetles. However, in order to get a broader picture of 
management impacts or lack thereof, more indicator groups, showing a diversity of sensitives 
and responses to disturbance regimes need to be assessed and linked with structural data 
specific to the locations under management. We present results obtained when assessing 
dung beetles, butterflies, understory insectivore birds, and woody plants at the same time, 
in forest areas under certified forest management and natural reference areas and establish 
linkages between species richness and compositional dissimilarities observed with current 
and dynamic changes observed in forest structural heterogeneity. We demonstrate how at 
the management unit level, management parameters as well as structural ones are a viable 
approach towards assessing potential impacts to carbon and biodiversity as a result of forest 
management and how the approaches proposed may be used at large scale to identify areas 
of special interest and assessment in the field. The results we present may be of relevance for 
countries considering SFM as part of their REDD+ activities and when in need to report on e.g. 
biodiversity safeguards.
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ABSTRACT

SUSTAINABLE FOREST MANAGEMENT (SFM) AND 
BIODIVERSITY SAFEGUARDS: HOW REDD+ MRV AND 
MANAGEMENT DATA CAN BE USED AS PROXIES FOR  
THE ASSESSMENT OF BIODIVERSITY TRENDS.



WWF Forest and Climate Discussion Paper | Sustainable Forest Management (SFM) Biodiversity Safeguards | Page 3

One of the main drivers of tropical deforestation is conversion to other land uses, 
due to the fact that historically, forests have not been considered economically 
productive compared with other land uses (CLARKE et al., 2005). This paradigm 
has begun to shift dramatically in the last few years as a result of the development of payments 
for ecosystem services mechanisms such as REDD+ (Reducing Emissions from Deforestation 
and Degradation) (Merger et al., 2011). Other approaches, such as the sustainable use of 
natural forests for the production of wood, had been identified prior to initial discussions on 
the REDD+ mechanism as a way to give added value to forests (Team et al., 1999; Dudley et 
al., 2005). Sustainable forest management (SFM) seeks to combine the maintenance of forest 
cover through periodic extraction of a small volume of wood and income generation (McGinley 
2000, Team et al 1999). The relevance of this approach has brought SFM to be considered for 
part of the REDD+ mechanism (Merger et al. 2011).

The verification of whether or not natural forests are being managed in a sustainable way has 
traditionally been done through the development and use of criteria and indicators (C & I), 
such as those developed by the Center for International Forestry Research (CIFOR) (Team 
et al. 1999) or the Forest Stewardship Council (FSC; see https://us.fsc.org/mission-and-
vision.187.htm). The criteria include legal, environmental, social, and production of goods 
and services aspects.  CIFOR’s generic template includes criteria and indicators that can be 
modified and adapted to meet the local conditions of a forest, which in this case is called a 
Forest Management Unit (FMU). Among the criteria and indicators proposed, assessing the 
impact of selective logging on forest structural heterogeneity (Team et al. 1999) and on the 
fauna and flora of the FMU has been established as fundamental to verify the success or failure 
of management practices (Guilherme and Cintra 2001, (Bicknell et al., 2014; Burivalova et al., 
2014; Dudley et al., 2005; McGinley and Finegan, 2003; Vidal and Cintra, 2006) .

In Costa Rica, one of the organizations that has been involved in the implementation of SFM, 
under standards issued by the FSC (Forest Stewardship Council) is the Fundación para el 
Desarrollo de la Coordillera Volcanica Central (FUNDECOR). Dedicated to the protection 
and development of productive forests of the Costa Rican central volcanic mountain range, 
FUNDECOR aims to sustainably manage natural forests, conserve nature, and generate income 
for owners of forest areas (FUNDECOR 2011 pers com). As part of their management activities, 
FUNDECOR has been supporting the development of criteria and indicators as well as field 
protocols to study the effect of SFM on the fauna and flora within their FMUs. These studies 
include invertebrates, mammals, plants and insectivorous bird species (Navarrete 1998, 
Aguilar-Amuchastegui 1999, Aguilar-Amuchastegui and Henebry 2006, 2007, 2008, Morales 
2011, De la Cruz 2012). Other results have shown how remotely sensed data can be used to 
identify FMU’s that can be prioritized for sustainability assessment on the ground (Aguilar-
Amuchastegui and Henebry, 2006), as well as how logging intensities can be related with 
significant differences in forest structure dynamic change and with biodiversity levels of dung 
beetles (Aguilar-Amuchastegui and Henebry, 2007). 

Insectivorous birds, butterflies, dung beetles and woody plants are suggested by CIFOR as good 
indicators of the ecological sustainability of forest management. Among the reasons to do so 
are the biological characteristics of these groups as well as the fact they can be easily monitored 
in the field (Team et al, 1999). Numerous studies have assessed the utility of these taxa to 
assess the status of Neotropical forests subjected to logging. Population and compositional 
parameters observed inside FMU’s are often compared with those observed inside reference 
sites (Aleixo, 1999; Davis and Sutton, 1998; Davis et al., 2001, 1997; Lausch et al., 2015; 
Lewis, 2001; Mason, 1996; Nichols et al., 2007; Stratford and Stouffer, 1999; Thiollay, 
1997; THIOLLAY, 1992; verburg and Van Eijk-Bos, 2003; Woltmann, 2003; Wunderle et 
al., 2006). Similarly, numerous studies have evaluated the impact of landscape patterns 
and their influence on the richness, abundance and community dynamics of birds, beetles, 
butterflies and plants (Burivalova et al., 2014; Díaz et al., 2010; Lausch et al., 2015; Nichols et 
al., 2008, 2007; Quintero and Roslin, 2005; Radtke et al., 2008; Uehara-Prado et al., 2007). 
However, the biological study of these groups has not been conducted in these forests in an 
integrated manner (all groups), and neither has the impact of management related parameters 
with landscape patterns as well as structural patterns derived from remote sensing derived 

INTRODUCTION
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metrics in the same place been evaluated. The rationale followed here is the same as the one 
presented by Aguilar-Amuchastegui and Henebry (2007):  it is expected that high management 
intensities will result in significant differences in forest structural heterogeneity and change 
patterns that can be assessed by means of remotely sensed data.  Forest structure, and its 
dynamics in turn, affects the frequency and distribution of micro-habitats that are important 
for insects such as butterflies and dung beetles as well as vertebrates such as insectivorous 
birds.  

Our study aimed at evaluating the links existing between management related parameters, 
forest structure patterns (measurable through remote sensing derived metrics) and their 
change as a result of their natural and natural + manmade disturbance regimes, on the 
estimated richness and composition of species belonging to three biological taxa (insectivorous 
birds, dung beetles, butterflies) in areas under certified forest management as well as reference 
areas. We also seek to assess the usefulness of remote sensing data currently used to track 
forest cover change for REDD+ implementation to assess forest structural heterogeneity and 
its change dynamic change and utility to be used as a first level proxy towards the assessment 
of changes to local biodiversity as a result of management practices. 

STUDY AREA
This study was conducted in the Canton of Sarapiqui, in northeastern Costa 
Rica (Figure 1). The area is located inside the Central Volcanic Range Conservation Area. 
A total of 10 forest areas: seven Forest Management Units (FMU) under FUNDECOR Forest 
Stewardship Council (FSC) certified management and three reference areas were surveyed 
(Figure 1). The seven FMUs were the object of selective logging at least once in the past 15 years 
(Table 1). The reference areas have been preserved for at least the past 30 years. All forest areas 
are located below 350 meters above mean sea level. All areas were less than 10 km apart at the 
exception of FMU-5 (18 km). Field campaigns were carried out between 2011 and 2013.

MATERIALS AND METHODS

TABLE  1. MANAGEMENT PARAMETERS OF THE FOREST AREAS SURVEYED DURING THIS STUDY. 
FMU=Forest Management Unit, REF=Reference Area. Management data provided by FUNDECOR.

MANAGEMENT VARIABLESC

FOREST AREA SIZE (HA)
% FOREST COVER 
AREA INSIDE 
TRANSECT BUFFER

YEARS SINCE LAST 
LOGGING

NUMBER OF 
LOGGINGS

LAST LOGGING 
INTENSITY
(TREES/HA) A

HARVEST 
INTENSITY INDEXB

FMU1 93.1 66.87 4 2 1.03 10.3

FMU2 33.3 59.39 4 2 2.27 22.7

FMU3 21 66.43 10 1 3.6 7.2

FMU4 35.2 30.74 8 1 2.8 7

FMU5 38 69.95 4 1 1.8 9

FMU6 344.2 57.64 12 1 1.5 2.5

FMU7 56 87.87 10 1 3.8 7.6

RA1 1441 94.59 - - - -

RA2 292 41.33 - - - -

RA3 202 61.20 - - - -
a The minimum cut diameter at breast height=60 cm; b Index depicting the intensity of disturbance level resulting from the combination of management parameters (source: 
Aguilar-Amuchastegui and Henebry [2007]); c Source: FUNDECOR Management plans and harvest logs.
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FOREST STRUCTURE HETEROGENEITY
Scale of Fluctuation (SOF; Vanmarcke (1983) modified by Henebry, 1993) of Landsat TM 
and ETM+ derived Wide Dynamic Range Vegetation Index (WDRVI [(Gitelson, 2004; 
Viña et al., 2011)]), and 2 versions for the Normalized Difference Infrared Index (NDII) 
(Hardisky et al., 1983) using band 5 (NDII5) and band 7 (NDII7) were used to assess forest 
structure heterogeneity in 1986, 2001, 2005 and in 2012. We used SOF as estimated via 
subsequent resampling to characterize the spatial dependence of vegetation indices (structural 
heterogeneity spatial dimension) in the forest areas evaluated (see Viña and Henebry, 2005 for 
very good explantion) 

We preferred use of SOF as opposed to semivariography as was done by Aguilar and Henebry 
(2007) because SOF is estimation by means of a random walker that somehow “mimics” the 
assessment of fauna done by scientists when walking inside a forest. The WDRVI was chosen 
because of its capacity to deal better with the saturation problems that other indices like NDVI 
show when biomass levels are high as is the case in this type of forests (Gitelson, 2004; Viña, 
2004; Viña et al., 2011). NDII was used as it has been proposed in the past to assess forest 
disturbance and change in time as well as it incorporate a water content dimension to our 
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analysis ((Hardisky et al., 1983; Jin and Sader, 2005; Mitchell and Schaab, 2008). We used 
Landsat band 5 (NDII5) and 7 (NDII7) as to account for potential complementarity. 

A random walker algorithm was developed and used 10,000 times in each forest area to 
eliminate structural sampling bias and generate median SOF estimates for each FMU in each 
period (Henebry, 1993). Each walk would be initiated in a randomly selected pixel inside each 
forest area and then a one pixel step would be taken to collect subsequent pixel index values 
in random directions, avoiding going back to the previous pixel. Once all 10,000 walks were 
finalized, a smoothing algorithm was applied to the collected data in order to estimate the Scale 
of Fluctuation of each walk (Figure 2.). Basically, the average values observed in incremental 
windows sizes applied to each random walk were recorded until a maximum was reached. This 
maximum is considered as the manifestation of the scale of fluctuation or spatial dimension 
of the forest structural heterogeneity as recorded during that walk (figure 2).  The normalized 
variance of vegetation indices observed decreases as smoothing window size increases. Median 
estimates were then obtained for each area in each date. 

Following Aguilar-Amuchastegui & Henebry (2007), percent changes observed in mean and 
median SOF estimates between dates were used to assess rates of structural heterogeneity 
change as a result natural and natural + man-made disturbance regimes. Previous assessments 
of structural heterogeneity and its dynamic change has shown positive correlations with 
biodiversity levels of indicator groups such as dung beetles (Aguilar-Amuchastegui and 
Henebry, 2007).

FOREST HEALTH INDICATOR TAXA
Species richness and composition of dung beetles, butterflies, insectivore birds and woody 
plants was assessed in each area as a means to evaluate the status of overall biodiversity. All 
four taxa have been identified as good indicators of forest ecosystems health (Guilherme and 
Cintra 2001, Woltman 2003, Dauphiné 2008, Boulinier et al., 2001; T Boulinier et al., 1998; 
Thierry Boulinier et al., 1998, Thierry Boulinier et al., 1998, Nichols et al., 2008; Team et al. 
1999; Aguilar-Amuchastegui 1999; Aguilar-Amuchastegui and Henebry 2007; Merger et al. 
2011, Gibson et al. 2011 , Putz et al., 2012 ; Krauss et al., 2010; Davis et al., 2001, Aguilar-
Amuchastegui et al 2007, Kessler et al. 2011; Huth and Ditzer, 2001, Hall, J et al., 2003, 
Degen et al., 2006). The selection of these taxa also considered their ease of survey and 
ecological sensitivity and function (Kessler et al. 2011; Gerlach et al., 2013). These same taxa 
have previously been considered in the development of criteria and indicators of ecological 
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sustainability of forest management (e.g. CIFOR 2000).  All taxa were surveyed at the same 
time, as part of an indicator system (Maleque et al., 2009). The goal was to obtain the most 
complete assessment possible of the ecological status of each of area surveyed by charactering 
taxa specific and overall response patterns  (Schulze et al., 2004).    

Plant data were collected in 3000 m2 (20m x 150m) plots. All woody individuals with 
diameter at breast height (dbh) ≥ 10cm were identified and recorded. Data were collected in 
collaboration with FUNDECOR (FMU 1,2,5-7 and RA 2,3), the Tropical Agricultural Research 
and Higher Education (CATIE; FMU 3,4) and Conservation International’s TEAM Project 
(Tropical Ecological Assessment and Monitoring Network), and the Organization Tropical 
Studies (OTS) (AR1). 

A 1,750m transect with stations every 250m (8 in total) for survey of fauna was established 
inside each area. Survey stations included a digital recorder (for bird data), a pitfall trap 
(for dung beetles) and a butterfly point count station.  Each transect was surveyed for seven 
non-consecutive days in total. Since the study area is highly fragmented, a 3km buffered 
area around each transect was characterized in terms of percent forest cover as a means to 
incorporate a landscape context metric into the characterization of each one of the areas 
surveyed. Percent forest area has been shown to be consistently correlated with biodiversity 
levels (Audino et al., 2014; Braga et al., 2013; Campos and Hernández, 2013; Estavillo et al., 
2013; Karp et al., 2013; Mendenhall et al., 2013, 2011; Reid et al., 2014).

Vocalization recordings were used to survey birds. Recordings have been shown to address 
logistical issues common to visual surveys such as the need for specialists for data collection 
(Celis-Murillo et al., 2009; Dawson and Efford, 2009; Rempel et al., 2005), as they allow 
repeated analysis by several surveyors, increasing identification accuracy and probability of 
detection, as well as being useful for long-term studies in which personnel may change in time. 
Additionally, the use or recordings allowed for collection of the data while surveying other 
groups, which was a major logistical gain. Data analysis was centered on understory resident 
insectivorous birds belonging to the families Trogonidae, Thamnophilidae, Polioptilidae, 
Momotidae, Formicariidae, Turdidae, Bucconidae, Conopophagidae, Thraupidae, Furnariidae, 
Tyrannidae and Icteridae. Members of these families have been identified as good indicators as 
they do not show significant seasonal or vocalization type variation (Celis-Murillo et al. 2009). 
Recordings were made between 5-7am for 3 consecutive days in 8 recording stations located 
along a sampling transect, distanced 250m in between (equivalent to 48 hours per forest area 
surveyed and 480 hours of recording across all areas surveyed). As the volume of recordings 
was so large, each 2 hour raw daily station recoding was divided into four 30 minute segments 
from which one was randomly selected each day, and used to create a 4 hours daily composite 
per forest. This resulted in a total of 12 hours of composite recordings assessed per site and 120 
hours total for the whole study. Presence/Absence data were generated from each 4 hour daily 
blend and organized in a species occurrence matrix.

Dung beetle fauna was surveyed with pitfall traps baited with human feces installed in each 
survey station. Presence/absence and abundance data were recorded. Traps were maintained 
on site for 7 days (Aguilar-Amuchastegui, 1999; Aguilar-Amuchastegui and Henebry 2007). All 
individuals were identified to species with the support of experts from Costa Rica’s National 
Biodiversity Institute (InBIO:). 

Visual point counts of butterflies were carried out for 3 consecutive days for 15-20 minutes at 
each survey station between 09:00-12:00 hours. Station survey order was randomized to avoid 
location and survey time of day bias. All individuals observed within 25 m of the survey point 
and whose species was identified with a reasonable amount of certainty were recorded. As in 
the case of beetles, the original database was converted to values of 1 or 0 (detection /non-
detection) to handle values consistent with the bird’s database.

All taxa presence/absence data were standardized for their analysis: bird and butterfly data 
were grouped into three sampling events per forest (one per survey day) and beetle data were 
grouped per pitfall trap for a total of eight sampling events per forest. When overall fauna 
composition (as a whole) was analyzed to integrate all three fauna groups, the data from three 
dung beetle traps were randomly selected for sampling effort comparability among groups. 
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SPECIES RICHNESS AND COMPOSITION
Adjusted estimates of total species richness were generated for each taxa and for all taxa 
as a whole in all areas surveyed using the COMDYN4 software package (http://www.mbr-
pwrc.usgs.gov/software/comdyn4.html; T Boulinier et al., 1998; Hines et al., 1999; J D 
Nichols et al., 1998; James D. Nichols et al., 1998). Adjustments incorporate a probability of 
detection correction factor based on capture-recapture models applied to species presence/
absence data, for comparisons between two spatially or temporally distinct sites. This type of 
correction allows for avoiding biases produced by zero inflated datasets in which probability 
of detection is not included, therefore affecting the representativeness of generated estimates 
(Nichols et. al.1998). Community species compositions were compared using the Bray-Curtis 
dissimilarity Index (Aguilar-Amuchastegui and Henebry, 2007; Beals, 1984). Both richness 
and compositional dissimilarity estimates, for each taxon as well as for taxa, were considered 
as good descriptors of biodiversity observed in each of the forest areas as well as allowing for 
comparability among areas. 

Following Aguilar-Amuchastegui and Henebry (2007), and based on Ashcroft et al.(2010) 
and  Ferrier et al.(2007), Generalized Linear Models (GLM) were used to assess potential 
relations between species richness estimates and compositional dissimilarities with biophysical 
dissimilarities described by Euclidean distances observed in forest management parameters, 
forest structural heterogeneity and forest structure dynamic change as described by SOF of 
WDRVI, NDII5 and NDII7. Previous results obtained by Aguilar-Amuchastegui and Henebry 
(2007, 2008) showed strong correlation between dung beetles community composition 
dissimilarities and forest management intensity and structural heterogeneity change (in this 
case described via semivariography of vegetation indices). In this case we wanted to explore 
if the use of SOF instead of semivariography generated similar results, as well as extrapolate 
the approach to richness estimates, to other taxa and to all taxa together. Bray-Curtis 
compositional dissimilarities and explanatory variables Euclidean distances were calculated 
using R v. 2.15.2 Statistical package (R Development Core Team 2010).  Model selection was 
done following Hilborn and Mangel, (1997) using  the Akaike Information Criteria (AIC). All 
variables tested are shown in appendix 1. 

FOREST STRUCTURE HETEROGENEITY
No significant differences were observed between FMUs and RA’s in median SOF 
measured in 1986, 2001, 2005 and 2012. Similar results were observed for average 
percent changes observed in FMU and AR between 1986 and 2001 (86-01), 1986 and 2012 
(86-12), 2001 and 2012 (01-12), or 2005 and 2012 (05-12) (see table 2). The patterns observed 
with all three vegetation indices were similar with correlations above 85% (results not shown). 
Average median SOF ranged between 2.5 and 4.3 Landsat pixels (75-129m; results not shown).

RESULTS

http://www.mbr-pwrc.usgs.gov/software/comdyn4.html
http://www.mbr-pwrc.usgs.gov/software/comdyn4.html
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TABLE 2. SCALE OF FLUCTUATION (SOF) MEDIAN VALUES OF VEGETATION INDICES OBSERVED AFTER 10,000 RANDOM WALKS IN EACH FOREST AREA. 

FOREST TYPE FMU RA FMU VS RA

METRIC DATE AVG. SD SE U-CI L-CI AVG. SD SE U-CI L-CI U-TEST

2/6/1986 1.55 0.60 0.44 1.99 1.10 2.39 0.57 0.64 3.03 1.74 0.10

1/14/2001 1.79 0.91 0.67 2.46 1.12 2.28 0.63 0.71 2.99 1.56 0.37

2/2/2005 2.12 1.08 0.80 2.92 1.32 2.67 0.51 0.58 3.24 2.09 0.31

1/21/2012 2.18 1.33 0.99 3.17 1.19 2.77 0.86 0.97 3.75 1.80 0.43

% Change 
86-12

-32.32 37.47 27.76 -4.56 -60.08 -21.35 44.52 50.38 29.03 -71.73 0.73

% Change 
86-01

13.68 25.30 18.74 32.42 -5.06 -1.81 29.51 33.39 31.58 -35.20 0.48

% Change 
05-12

-0.63 19.81 14.67 14.04 -15.31 -4.17 23.53 26.63 22.46 -30.80 0.83

% Change 
01-12

-17.30 26.61 19.71 2.41 -37.01 -21.55 13.65 15.44 -6.11 -36.99 0.75

2/6/1986 1.64 0.71 0.52 2.17 1.12 2.44 0.74 0.84 3.27 1.60 0.20

1/14/2001 1.81 0.93 0.69 2.50 1.12 2.14 0.53 0.60 2.74 1.55 0.50

6/15/2001 1.47 0.44 0.33 1.79 1.14 1.92 0.45 0.51 2.42 1.41 0.22

2/2/2005 1.87 0.89 0.66 2.53 1.21 2.40 0.44 0.49 2.90 1.91 0.24

1/21/2012 1.83 1.07 0.79 2.62 1.04 2.26 0.42 0.47 2.73 1.79 0.38

% Change 
86-12

-5.26 18.59 13.77 8.51 -19.03 1.46 31.75 35.93 37.39 -34.47 0.76

% Change 
86-01

7.65 17.00 12.59 20.24 -4.95 -6.83 33.07 37.42 30.59 -44.26 0.53

% Change 
05-12

4.97 17.80 13.19 18.16 -8.21 5.17 13.03 14.75 19.92 -9.57 0.98

% Change 
01-12

0.94 18.29 13.55 14.48 -12.61 -6.61 6.19 7.01 0.39 -13.62 0.36

2/6/1986 2.09 0.97 0.72 2.81 1.38 3.23 0.44 0.49 3.73 2.74 0.09

1/14/2001 2.24 1.05 0.78 3.02 1.46 2.95 0.32 0.36 3.31 2.59 0.14

2/2/2005 2.34 1.26 0.93 3.27 1.40 3.33 0.31 0.35 3.68 2.98 0.09

1/21/2012 2.14 1.29 0.96 3.10 1.18 3.17 0.54 0.61 3.78 2.56 0.11

% Change 
86-12

2.21 24.35 18.04 20.25 -15.83 0.70 21.11 23.89 24.59 -23.19 0.93

% Change 
86-01

6.21 11.93 8.84 15.04 -2.63 -7.85 13.58 15.37 7.51 -23.22 0.21

% Change 
05-12

9.44 17.74 13.14 22.58 -3.70 5.03 10.19 11.53 16.56 -6.51 0.64

% Change 
01-12

7.04 23.65 17.52 24.57 -10.48 -7.00 8.07 9.14 2.13 -16.14 0.20
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TOTAL SPECIES RICHNESS
Average total species richness estimates did not show significant differences between forest 
management units (FMU) and reference areas (RA) for any of the three fauna taxa surveyed. 
However, when all taxa were considered together as the overall fauna, managed areas showed 
significantly higher total richness estimates than reference areas (U-test p-value = 0.0129; 
table 3). Taxa response patterns between groups showed no general trend: bird fauna in 
reference areas appears to show a tendency to be richer than in forest management units 
(FMU) while butterfly and dung beetle fauna appear to be richer in forest management 
units. The patterns observed in bird species composition correspond more to a “shuffling” 
of species between managed and reference areas, with np real pattern observed, rather than 
to the loss of diversity in managed areas (results not shown; Tovar et al. in prep). In the case 
of dung beetles and butterflies as well as of fauna in general, we observe a response pattern 
typical of intermediate disturbance regimes, in which biodiversity occurring in disturbed 
areas is complemented by the occurrence of non-forest interior species as a result of a more 
heterogeneous structure. The two insect groups, dung beetles and butterflies, showed a 0.73 
positive correlation coefficient among richness estimates across all forest areas whereas birds 
showed -0.33% and -0.45 with dung beetles and butterflies respectively. 

When looking at pairwise total richness comparisons among forest areas, significant 
differences are observed among and between FMU’s and RA’s. This puts into evidence the 
lack of a clear signal allowing to differentiate both management regimes. However some areas 
like FMU7 and RA3 appear to be particularly distinct from the rest. FM7 showed significant 
differences for all taxa and with most of the remaining forest areas observed. RA3, seems to 
behave particularly differently than the other 2 RA, with only limited differences in richness 
estimates and some of those with RA1 and 2. Of all the taxa, birds seem to be the most sensitive 
of all, showing significant differences in 19 out 25 comparisons. However 9 out of 19 differences 
were observed among forest areas with similar disturbance regimes (FMU vs. FMU or RA 
vs. RA) which makes for a difficult interpretation of results. Dung beetles were the second 
most sensitive group with 11 significant differences observed, followed by overall fauna 7 and 
butterflies with 3 only. 

Modeling of species total richness estimates provided mixed results in terms of variable 
selection for overall best performing model as well. Dung beetles, butterflies and overall fauna 
total richness estimates showed strong correlation with forest structure dynamic change as 
described by percent change rates observed in WDRVI and/or NDII median SOF estimates 
(Figure 3.a-c). In the case of dung beetles the overall best performing model was able to explain 
observed richness estimates with an AdjR

2=0.92 and RMSE=1.47 species. Butterfly modeling 
showed an AdjR

2=0.71 and RMSE=3.71 species. Overall fauna modeling showed AdjR
2=0.70 and 

RMSE=6.11 species. Birds once again showed a different pattern, with a strong correlation with 
Aguilar-Amuchastegui & Henebry 2007’s harvest intensity index (no significant correlations 
were observed between bird richness estimates and structural heterogeneity estimates).

TABLE 3. TOTAL SPECIES RICHNESS ESTIMATES OBTAINED USING COMDYN4. ALL RICHNESS ESTIMATES HAVE BEEN CORRECTED FOR SPECIES DETECTABILITY DERIVED FROM 
CAPTURE-RECAPTURE THEORY.

TAXON FOREST AREA COMPARISON

FMU1 FMU2 FMU3 FMU4 FMU5 FMU6 FMU7 RA1 RA2 RA3 RA AVG. FMU AVG
Insectivore 
Birds

18.57 28.81 11.33 18.52 22.02 15 16.9 42.5 31.6 13.2 29.0 a 18.7 a

Dung Beetles 19.61 12.63 11.92 19.11 23.49 15.32 7 8.7 11 16.1 12.0 a 15.6 a

Butterflies 47 35 35 48 36 37 28 28 35 43 35.3 a 38 a

All Fauna 84.45 73.79 52.47 79.04 67.42 71.6 54.5 57 60.7 54.7 57.6 b 69.0 a
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Figure 3. Observed vs. best model estimated total species richness for dung beetles (a), butterflies (b), birds (c) 
and all fauna (d). WDRVI values refer to Euclidean distances observed between  % change in median 
SOF estimate values observed between two given years (e.g. WDRVI86-12 for between 1986 and 2012), 
and are reported in Appendix 1.
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TABLE 5. BRAY-CURTIS DISSIMILARITIES OBSERVED AMONG FOREST AREAS: RA-RA = among Reference Areas; RA-FMU = Reference area vs. Forest Management Unit;  
FMU-FMU= among Forest Management Units; UCI=Upper Confidence Interval; LCI=Lower Confidence Interval

BIRDS BEETLES BUTTERFLIES PLANTS FAUNA FAUNA, FLORA

AVERAGE 0.308 0.478 0.582 0.611 0.483 0.570

STANDARD 
DEVIATION 0.098 0.135 0.128 0.107 0.086 0.056

STANDARD 
ERROR 0.023 0.032 0.030 0.025 0.020 0.013

UCI 0.354 0.540 0.641 0.661 0.523 0.596

LCI 0.263 0.416 0.522 0.561 0.443 0.544

AVERAGE 0.337 0.517 0.524 0.571 0.469 0.538

STANDARD 
DEVIATION 0.099 0.145 0.065 0.076 0.057 0.048

STANDARD 
ERROR 0.023 0.034 0.015 0.018 0.013 0.011

UCI 0.383 0.583 0.553 0.607 0.495 0.560

LCI 0.291 0.450 0.494 0.536 0.442 0.516

AVERAGE 0.345 0.471 0.471 0.557 0.436 0.516

STANDARD 
DEVIATION 0.069 0.100 0.074 0.079 0.038 0.051

STANDARD 
ERROR 0.016 0.024 0.017 0.019 0.009 0.012

UCI 0.377 0.518 0.505 0.593 0.453 0.540

LCI 0.314 0.425 0.437 0.520 0.418 0.493

RA
 VS

. R
A

RA
 VS

. F
MU

FM
U V

S. 
FM

U

COMPOSITIONAL DISSIMILARITIES
Taxa species composition dissimilarities observed among sites ranged between 0.13 and 0.78 
overall. No significant differences were observed between average dissimilarities observed 
among reference areas, managed areas or when comparing managed vs. reference areas in any 
of the groups or when comparing overall fauna as well as overall fauna and flora (Table 5). 

However, dissimilarity modeling showed strong correlation between dissimilarity values 
observed among forest areas and structural heterogeneity dynamic change as described by 
percent change rates in remote sensing index median SOF as well as forest management 
related variables. Once again, birds showed stronger correlations with forest management 
parameters whereas dung beetles and butterflies showed stronger correlations with structure 
dynamics. In all cases a combination of both types of parameters characterized best performing 
models as depicted by AIC and weights (table 6). Overall fauna and fauna and flora best 
performing models modeling show the same variable combination; with Euclidean distances 
for all management parameters combined, WDRVI changes between 2001 and 2012 as 
descriptor of dynamic change and WDRVI status as descriptor of current forest structural 
heterogeneity conditions. This a clear example of how current biodiversity observed in forest 
areas result from the combination of historic disturbance regimes as well as of current status. 
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REMOTE SENSING OF FOREST STRUCTURE HETEROGENEITY AND 
DISTURBANCE REGIMES
Remote sensing of forest structure and its use for the assessment of 
structural heterogeneity dynamic change by means of the SOF approach 
did not detect any significant differences among forest areas or among 
disturbance regimes (Table 4). This could be initially interpreted as a failure for the 
approach in assessing the potential impact or degradation that FMUs can be suffering as 
a result of the management activities. However, this comes as no surprise since the logged 
forests are being so under certified standards as well as with logging intensities below 4 trees 
per ha (table 1). Previous studies have shown no significant differences when logging intensities 
were kept below 4 trees per hectare (Aguilar-Amuchastegui and Henebry, 2006; Pinard and 
Cropper, 2000; Putz et al., 2012; Pinard and Putz, 1996). In this case, no FMU showed more 
than 4 trees cut per hectare in its last harvest cycle (Table 1), which makes our result consistent 
with expected results. This is consistent as well by the results observed in terms of overall 
species richness and composition (tables 3, 4 and 5). This is a great finding for FUNDECOR 
since they incorporated the 4 trees per ha threshold as a follow up on recommendations 
Aguilar-Amuchastegui and Henebry (2007) made based on their results. 

The consistency of present study findings with those previously obtained is more relevant as 
in this case SOF was used as opposed to semivariography of vegetation indices as well as 2 
additional indices (NDII5 and NDII7). However, in this case, since no significant differences 
were observed in forest structure dynamic change among forest areas and more specifically 
between RAs and FMUs, no priority for survey variable was derived from the remote sensing 
data. 

TABLE 4. SIGNIFICANCE IN TOTAL RICHNESS ESTIMATES DIFFERENCES AMONG FOREST AREAS.

SITE 1

FMU1 FMU2 FMU3 FMU4 FMU5 FMU6 FMU7 RA1 RA2 RA3
FMU1  a,d b,d a,b  d

FMU2   a a b  a

FMU3    a,d a a,b a a  

FMU4     b,c,d a,b,c a  

FMU5      b  a  

FMU6       b a a  

FMU7        a,b a,b b

RA1         a

RA2          a

RA3

a=birds, b=beetles, c=butterflies, d=fauna

SIT
E 1

DISCUSSION
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TAXA SPECIES RICHNESS AND COMPOSITION.
The results obtained here complement each other. Richness and dissimilarity modeling 
allow for the overall description of biodiversity or, in this case, estimation of general trends 
in biodiversity observed in forest areas under different management regimes. Results are 
complimentary as well in that explanatory variables of best performing models are the same 
when assessing specific groups or overall fauna and fauna and flora.

No significant decrease in species richness or differences in average compositional 
dissimilarities were observed (Table 5).  Once again, previous studies have found similar 
results, in which rather than losing biodiversity, moderately disturbed areas show an increase 
in richness of species of different taxa in tropical forest, thanks to a reshuffling of species due 
to the arrival of edge and open areas species, without the loss of interior dwellers (Aguilar-
Amuchastegui and Henebry, 2007; Braga et al., 2013; Davis and Sutton, 1998; Davis et al., 
2001; de Beurs et al., 2009; Everitt and Hothorn, n.d.; Favila and Halffter, 1997; Halffter and 
Arellano, 2002; Lee et al., 2013; Pineda et al., 2005; Radtke et al., 2008; Schleuning et al., 
2011; Westgate et al., 2012).  As mentioned above, the fact that no significant changes were 
observed in forest dynamics as well as to biodiversity broadens the evidence for supporting 
maintenance of the 4 trees per hectare logging threshold for the forests of Sarapiqui. 

These results are particularly interesting as they seem to hint that forest management under 
FSC standards and at low logging intensities is not resulting in significant loss of biodiversity 
in a fragmented landscape as the one in this study (Figure 1; % Forest variable in table 1). Due 
to the fragmentation shown by forests in the area, we were worried that significant differences 
that could be observed in richness and composition would have been difficult to assign to either 
fragmentation or management. Even though managed and reference areas showed similar 
ranges in their % forest cover. However, we found signs indicating that both aspects of forest 
disturbance play a role in explaining richness and compositional dissimilarities observed 
among forests areas (Table 6).

ENVIRONMENTAL DIVERSITY AS A MEANS FOR MODELING RICHNESS 
ESTIMATES AND ECOLOGICAL DISSIMILARITIES BETWEEN FMU AND 
NATURAL REFERENCE AREAS.
The results obtained in modeling of both species richness estimates and compositional 
dissimilarities benefit from the inclusion of dynamic variables that are related with the 
disturbance history, intensity and current condition of forest structural heterogeneity. This 
is of great relevance at it highlights the usefulness of including these parameters as a means 
to assess via a coarse filter approach, the conservation or health status of a given forest area 
under management. Especially when it incorporates a historic element that as Hortal and Lobo 
(2005) explain is needed in order to be able to assess in a straightforward context based way, 
changes observed in areas under management. In this case, reference areas provide a reference 
response to natural dynamics that can be used to assess the responses observed in managed 
areas. In this case, no significant differences were observed but significant correlations were 
observed, again, between environmental dissimilarities and biodiversity dissimilarities as 
well as with richness estimates. This complements previous results obtained in these same 
areas with beetles by Aguilar-amuchastegui et al. (2007) as well as by other studies elsewhere 
(Faith, 2003; Ferrier et al., 2007). The results obtained in the case of bird communities are 
of particular interest to forest managers since man-made parameters show the stronger 
correlation with both richness and compositional dissimilarities of birds.

In the case of dung beetles and butterflies, results were consistent with previous studies 
(Aguilar-Amuchastegui 1999). Structural heterogeneity dynamic change and management 
parameters are predictors of compositional dissimilarities (Aguilar-Amuchastegui and Henebry 
2007; Aguilar-Amuchastegui 1999). Once again we saw how management parameters as well 
as forest dynamics contributed to model richness and composition. However, in this case, 
attempts to model species richness estimates showed even stronger results (Figure 3.b and c, 
table 4). 
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THE RELEVANCE OF THIS APPROACH FOR THE ASSESSMENT OF FOREST 
DEGRADATION 
The assessment of forest degradation has moved into the center stage thanks to the REDD+ 
mechanism. Implementing countries are currently developing their monitoring reporting and 
verification (MRV) approaches for the assessment of emissions resulting from deforestation 
and forest degradation. In general terms, degradation for REDD+ pertains to a reduction in % 
tree cover that results in emissions, without resulting in deforestation. This is generally defined 
by the % tree cover a country uses in its forest definition. However Thompson et al.(2013), 
propose the use of functional dimensions in assessing degradation, including ecological 
aspects related to sustainability of forests contemplated by previous efforts (see CIFOR 2000). 
Forest structural heterogeneity has been proposed as an indicator of forest management 
and conservation ecological sustainability and therefore of forest carbon stocks (Team et al 
1999). Our past (Aguilar-Amuchastegui and Henebry, 2007), as well as current results show 
how current structure heterogeneity as well as its change is relevant to explain biodiversity 
as well as to assess forest functional degradation as described by its biodiversity. This is 
particularly interesting as the remote sensing data used here to perform our SOF analyses is 
currently the one most REDD+ implementing countries are using to establish their historical 
baselines and their forest tracking systems. We are currently working on streamlining the SOF 
approach so it can be used with any biomass or structure related data derived from remote 
sensing data as well as replicating our biodiversity surveys in at least 3 REDD+ implementing 
countries (potentially Colombia, Peru and DRC). This should broaden the realm of evidence 
allowing us to consolidate our proposed approach. The goal would be to make it possible for 
MRV managers to use this method as an initial proxy towards identification of areas under 
the Sustainable Forest Management Activity (SFM) of REDD+ of particular interest for the 
assessment of additional indicators in the field. The rationale here is based on the fact that 
countries will need to capitalize as much as they can on their MRV resources as logistics for 
filed validation of biodiversity safeguards will be limited.

We have shown once again how structural heterogeneity and its dynamic 
change assessed by means of remote sensing data are related with biodiversity 
of indicators groups occurring in forest areas. This makes it for a useful first proxy 
towards the assessment of biodiversity changes as well as REDD+ safeguards as it would 
help identify areas of priority for additional scrutiny. We believe that within a coarse to fine 
approach, that capitalizes on data currently used for REDD+ MRV, this approach should help 
REDD+ countries with the assessment of biodiversity safeguards, including the optimization of 
field work area targeting. 

When assessing the potential impact of specific management regimes, management needs to 
be typified as much as possible in order to assess and predict potential impact of management 
practices to biodiversity occurring in forest areas. Once again, management related variables 
such as logging intensity (not just as presence/absence) has resulted among the variables with 
most explanatory power of observed biodiversity (especially in the case of bird fauna). This 
is also essential when looking into identifying sustainability thresholds for ongoing activities 
that give added value to forests, like sustainable forest management. In this case the threshold 
proposed by Aguilar-Amuchastegui and Henebry, (2008), has been supported by the results 
obtained here. Therefore it seems that the FSC certified management model FUNDECOR is 
applying to these forest is causing no harm to biodiversity in the FMUs surveyed.

One interesting aspect of our findings lies in the fact that even though no significant overall 
differences were observed among management regimes, significant differences were observed 
between specific forests, independent of management regime. This highlights the need for a 
broad spectrum of samples when comparing management regimes as one on one comparisons 
produce very different results. Traditionally, comparisons of indicator groups have relied on 
one single optimum forest as a reference. In this case we used three areas and results were 

CONCLUSIONS
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different for same FMUs, depending on the RA as well as on the group being assessed (table 
4). We believe this puts into evidence a clear need for large and representative sample sizes so 
impacts of management can be quantified properly. In this study we draw some conclusions 
based on our evidence but we acknowledge that larger samples are always desirable. Based on 
that, we are aiming at replicating this effort in further areas and geographies that are currently 
involved in the process of readiness for REDD+.
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     APPENDIX 1. EUCLIDEAN DISTANCES OBSERVED AMONF FOREST PAIRS FOR ALL VARIABLES                                               CONSIDERED IN MODELING TOTAL RICHNESS ESTIMATES AND COMPOSITIONAL DISSIMILARITIES

FORESTS LAS 
HARVEST TREES/HA MAN P/A LOG.INDEX ALL. MAN % FOREST NDII5 STATUS NDII5 86-12 NDII5 86-01 NDII5 05-12 NDII5 01-12 NDII7 STATUS NDII7 86-12 NDII7 86-01 NDII7 05-12 NDII7 01-12

WDRVI 
STATUS

WDRVI 86-12 WDRVI 86-01 WDRVI 05-12 WDRVI 01-12 ALL. RS

FMU2 FMU1 0.00 1.30 0.00 13.00 13.06 7.48 1.09 0.54 0.19 31.28 5.23 0.81 8.20 13.66 31.21 7.55 1.73 38.22 30.45 21.27 26.94 76.56
FMU3 FMU1 6.00 2.60 0.00 3.00 7.19 0.44 1.27 15.78 11.60 41.01 16.74 0.98 4.45 1.71 39.16 16.98 1.97 27.44 25.66 28.59 36.89 88.24
FMU4 FMU1 4.00 1.80 0.00 3.00 5.31 36.13 1.71 6.95 0.02 46.96 22.06 1.33 5.38 15.37 30.18 25.71 2.42 24.25 31.56 43.56 42.16 99.23
FMU5 FMU1 0.00 0.80 0.00 1.00 1.28 3.08 1.29 28.76 7.84 12.78 31.42 0.75 23.04 14.96 5.44 21.10 0.65 7.89 15.83 3.37 9.35 60.69
FMU6 FMU1 8.00 0.50 0.00 7.00 10.64 9.23 1.49 83.63 10.20 47.49 10.68 1.34 34.73 38.51 44.74 9.84 0.60 62.18 36.61 36.28 46.70 151.54
FMU7 FMU1 6.00 2.80 0.00 2.00 6.92 21.01 0.35 52.33 21.74 52.61 57.27 0.10 21.24 49.27 41.81 35.30 1.00 42.49 20.59 28.92 51.40 144.36
RA1 FMU1 39.00 1.00 1.00 9.00 40.05 27.72 0.69 21.57 6.66 48.41 27.40 0.50 9.36 14.36 36.85 23.55 1.12 41.48 22.83 31.55 45.28 105.36
RA2 FMU1 26.00 1.00 1.00 9.00 27.55 25.54 0.35 42.14 70.39 9.61 0.74 0.06 36.61 116.61 12.46 19.54 0.41 3.83 41.99 14.87 32.64 159.26
RA3 FMU1 25.00 1.00 1.00 9.00 26.61 5.67 1.65 43.59 12.93 52.08 19.14 1.25 24.32 1.07 32.61 11.40 0.99 39.22 6.71 33.36 47.67 109.11
FMU3 FMU2 6.00 1.30 0.00 16.00 17.14 7.03 0.18 15.24 11.79 9.73 11.51 0.17 3.75 11.95 7.95 9.43 0.24 10.78 4.79 7.32 9.95 34.63
FMU4 FMU2 4.00 0.50 0.00 16.00 16.50 28.65 0.62 6.41 0.21 15.68 16.83 0.52 13.58 1.71 1.03 18.16 0.69 13.97 1.11 22.29 15.22 44.88
FMU5 FMU2 0.00 0.50 0.00 14.00 14.01 10.56 2.38 29.30 7.65 18.50 36.65 1.56 31.24 1.30 25.77 28.65 2.38 46.11 14.62 24.64 36.29 96.66
FMU6 FMU2 8.00 0.80 0.00 20.00 21.56 1.76 2.58 83.09 10.39 16.21 5.45 2.15 26.53 24.85 13.53 2.29 2.33 23.96 6.16 15.01 19.76 100.29
FMU7 FMU2 6.00 1.50 0.00 15.00 16.22 28.48 0.74 51.79 21.55 21.33 52.04 0.71 13.04 35.61 10.60 27.75 0.73 4.27 9.86 7.65 24.46 96.97
RA1 FMU2 39.00 2.30 1.00 22.00 44.85 35.20 0.40 21.03 6.85 17.13 22.17 0.31 1.16 0.70 5.64 16.00 0.61 3.26 7.62 10.28 18.34 45.55
RA2 FMU2 26.00 2.30 1.00 22.00 34.15 18.07 0.74 42.68 70.20 21.67 4.49 0.87 44.81 102.95 18.75 11.99 1.32 34.39 72.44 6.40 5.70 163.85
RA3 FMU2 25.00 2.30 1.00 22.00 33.40 1.81 2.74 43.05 13.12 20.80 13.91 2.06 16.12 12.59 1.40 3.85 2.72 1.00 23.74 12.09 20.73 65.16
FMU4 FMU3 2.00 0.80 0.00 0.00 2.15 35.69 0.44 8.83 11.58 5.95 5.32 0.35 9.83 13.66 8.98 8.73 0.45 3.19 5.90 14.97 5.27 31.83
FMU5 FMU3 6.00 1.80 0.00 2.00 6.58 3.52 2.56 44.54 19.44 28.23 48.16 1.73 27.49 13.25 33.72 38.08 2.62 35.33 9.83 31.96 46.24 116.26
FMU6 FMU3 2.00 2.10 0.00 4.00 4.94 8.79 2.76 67.85 1.40 6.48 6.06 2.32 30.28 36.80 5.58 7.14 2.57 34.74 10.95 7.69 9.81 92.41
FMU7 FMU3 0.00 0.20 0.00 1.00 1.02 21.45 0.92 36.55 33.34 11.60 40.53 0.88 16.79 47.56 2.65 18.32 0.97 15.05 5.07 0.33 14.51 87.04
RA1 FMU3 33.00 3.60 1.00 6.00 33.75 28.17 0.58 5.79 4.94 7.40 10.66 0.48 4.91 12.65 2.31 6.57 0.85 14.04 2.83 2.96 8.39 27.29
RA2 FMU3 20.00 3.60 1.00 6.00 21.21 25.10 0.92 57.92 81.99 31.40 16.00 1.04 41.06 114.90 26.70 2.56 1.56 23.61 67.65 13.72 4.25 179.64
RA3 FMU3 19.00 3.60 1.00 6.00 20.27 5.23 2.92 27.81 1.33 11.07 2.40 2.23 19.87 0.64 6.55 5.58 2.96 11.78 18.95 4.77 10.78 45.08
FMU5 FMU4 4.00 1.00 0.00 2.00 4.58 39.21 3.00 35.71 7.86 34.18 53.48 2.08 17.66 0.41 24.74 46.81 3.07 32.14 15.73 46.93 51.51 120.99
FMU6 FMU4 4.00 1.30 0.00 4.00 5.80 26.90 3.20 76.68 10.18 0.53 11.38 2.67 40.11 23.14 14.56 15.87 3.02 37.93 5.05 7.28 4.54 101.42
FMU7 FMU4 2.00 1.00 0.00 1.00 2.45 57.13 1.36 45.38 21.76 5.65 35.21 1.23 26.62 33.90 11.63 9.59 1.42 18.24 10.97 14.64 9.24 81.53
RA1 FMU4 35.00 2.80 1.00 6.00 35.63 63.85 1.02 14.62 6.64 1.45 5.34 0.83 14.74 1.01 6.67 2.16 1.30 17.23 8.73 12.01 3.12 32.96
RA2 FMU4 22.00 2.80 1.00 6.00 23.00 10.59 1.36 49.09 70.41 37.35 21.32 1.39 31.23 101.24 17.72 6.17 2.01 20.42 73.55 28.69 9.52 165.96
RA3 FMU4 21.00 2.80 1.00 6.00 22.04 30.46 3.36 36.64 12.91 5.12 2.92 2.58 29.70 14.30 2.43 14.31 3.41 14.97 24.85 10.20 5.51 62.02
FMU6 FMU5 8.00 0.30 0.00 6.00 10.00 12.32 0.20 112.39 18.04 34.71 42.10 0.59 57.77 23.55 39.30 30.94 0.05 70.07 20.78 39.65 56.05 179.95
FMU7 FMU5 6.00 2.00 0.00 1.00 6.40 17.92 1.64 81.09 13.90 39.83 88.69 0.85 44.28 34.31 36.37 56.40 1.65 50.38 4.76 32.29 60.75 176.53
RA1 FMU5 39.00 1.80 1.00 8.00 39.87 24.64 1.98 50.33 14.50 35.63 58.82 1.25 32.40 0.60 31.41 44.65 1.77 49.37 7.00 34.92 54.63 134.91
RA2 FMU5 26.00 1.80 1.00 8.00 27.28 28.62 1.64 13.38 62.55 3.17 32.16 0.69 13.57 101.65 7.02 40.64 1.06 11.72 57.82 18.24 41.99 151.44
RA3 FMU5 25.00 1.80 1.00 8.00 26.33 8.75 0.36 72.35 20.77 39.30 50.56 0.50 47.36 13.89 27.17 32.50 0.34 47.11 9.12 36.73 57.02 144.57
FMU7 FMU6 2.00 2.30 0.00 5.00 5.86 30.24 1.84 31.30 31.94 5.12 46.59 1.44 13.49 10.76 2.93 25.46 1.60 19.69 16.02 7.36 4.70 76.68
RA1 FMU6 31.00 1.50 1.00 2.00 31.12 36.96 2.18 62.06 3.54 0.92 16.72 1.84 25.37 24.15 7.89 13.71 1.72 20.70 13.78 4.73 1.42 79.22
RA2 FMU6 18.00 1.50 1.00 2.00 18.20 16.31 1.84 125.77 80.59 37.88 9.94 1.28 71.34 78.10 32.28 9.70 1.01 58.35 78.60 21.41 14.06 215.44
RA3 FMU6 17.00 1.50 1.00 2.00 17.21 3.57 0.16 40.04 2.73 4.59 8.46 0.09 10.41 37.44 12.13 1.56 0.39 22.96 29.90 2.92 0.97 69.24
RA1 FMU7 33.00 3.80 1.00 7.00 33.96 6.72 0.34 30.76 28.40 4.20 29.87 0.40 11.88 34.91 4.96 11.75 0.12 1.01 2.24 2.63 6.12 65.08
RA2 FMU7 20.00 3.80 1.00 7.00 21.55 46.55 0.00 94.47 48.65 43.00 56.53 0.16 57.85 67.34 29.35 15.76 0.59 38.66 62.58 14.05 18.76 176.88
RA3 FMU7 19.00 3.80 1.00 7.00 20.63 26.67 2.00 8.74 34.67 0.53 38.13 1.35 3.08 48.20 9.20 23.90 1.99 3.27 13.88 4.44 3.73 77.25
RA2 RA1 13.00 0.00 0.00 0.00 13.00 53.27 0.34 63.71 77.05 38.80 26.66 0.56 45.97 102.25 24.39 4.01 0.71 37.65 64.82 16.68 12.64 177.34
RA3 RA1 14.00 0.00 0.00 0.00 14.00 33.39 2.34 22.02 6.27 3.67 8.26 1.75 14.96 13.29 4.24 12.15 2.11 2.26 16.12 1.81 2.39 38.19
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