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Abstract

Humid tropical forests are increasingly exposed to fire, yet local diversity, stand structure, and species composition 
may respond differently. We compared tree communities in lower and upper sectors of a university reserve near Tingo 
María, Peru, using 27 rectangular 500 m² sampling units (13 lower, 14 upper). The upper sector showed field 
evidence of fire, although fire history was confounded with elevation and no pre-fire inventory was available. We 
assessed alpha and beta diversity, diameter and height structure, and species and family importance values at the 
sampling-unit level. Species composition differed robustly between sectors for presence-absence and abundance 
data (PERMANOVA, p-value < 0.001), whereas multivariate dispersion did not. After false-discovery-rate 
correction, alpha-diversity and structural variables showed no confirmed differences. Nevertheless, medium-to-
large effect sizes indicated trends toward lower mean height and emergent-tree representation, and larger crown 
diameter and understory representation, in the upper sector; these trends were not confirmed at this sample size. 
Dominance shifted: upper-sector importance was density-driven for Senefeldera inclinata, whereas lower-sector 
importance was basal-area-driven for Cedrelinga cateniformis. The data therefore demonstrate taxonomic turnover 
but cannot attribute sector differences specifically to fire rather than elevation-associated conditions. Repeated 
integrated monitoring is needed to distinguish these effects.
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Introduction
Premontane tropical forests sustain high biological 

diversity, protect slopes and water sources, and provide 
ecological functions that are central to forest management. In 
the humid tropics, these forests are increasingly exposed to 
disturbance from fire, land-use pressure, drought, forest 
edges, and local human activities, and recent Amazon-wide 
syntheses show that degradation by fire, drought, logging, 
and edge effects can affect forest structure and carbon 
dynamics at scales comparable to deforestation (Alencar et 
al., 2015; Aragão et al., 2018; Matricardi et al., 2020; Lapola 
et al., 2023). Fire is especially relevant because many humid-
forest tree species are not adapted to recurrent burning, and 
even surface fires can alter tree mortality, recruitment, 
canopy openness, microclimate, and successional pathways 
(Nepstad et al., 1999; Cochrane, 2003; Barlow et al., 2016; 
Prestes et al., 2020; Berenguer et al., 2021).

Forest recovery after disturbance is not a single process. 
Structural attributes such as stem density or basal area may 
recover faster than floristic composition, functional traits, or 
dominance patterns. This decoupling is important for forest 
management because a stand can appear structurally resilient 
while still maintaining substantial taxonomic turnover. 
Neotropical syntheses show that richness, biomass, 
functional traits, and species composition may recover along 

different timelines, with species composition and floristic 
distinctiveness often recovering more slowly than local 
richness or structural indicators (Rozendaal et al., 2019; 
Poorter et al., 2021; Jakovac et al., 2022). Studies in 
Neotropical and Amazonian forests have also shown that 
post-disturbance recovery often involves strong recruitment 
in small-diameter classes, changes in species dominance, and 
shifts in functional composition (Barlow & Peres, 2008; 
Brando et al., 2014; Chazdon, 2014; Poorter et al., 2016).

In Peru, the Bosque Reservado de la Universidad 
Nacional Agraria de la Selva (BRUNAS), located near Tingo 
María, represents an important remnant of premontane 
Amazon forest for education, research, conservation, and 
local forest management. Regional studies from Andean 
forests show that tree structure, carbon stock, and species 
composition vary strongly along elevation gradients and with 
natural or human disturbance (Miyamoto et al., 2018; 
Malizia et al., 2020). However, comparative information on 
how tree structure and composition vary between contrasting 
sectors within BRUNAS remains limited. The field 
campaign documented a lower sector and an upper sector 
with visible signs of fire disturbance, including charred 
surface material and scorched vegetation. Because the upper 
sector also occupies higher terrain, fire evidence and 
elevation-associated environmental conditions are con-

Variable Scale Question Description 

Natural 
landscape 
protection 

Nominal "Does the area have policies 
for natural landscape 
protection? (Yes/No)" 

No: Indicates no active measures, 
suggesting vulnerability to exploitation or 
mismanagement. Yes: Reflects active 
conservation initiatives to safeguard 
forests, possibly involving legal protections 
and community-led management. 

Eco-friendly 
infrastructure 

Nominal "Is there eco-friendly 
infrastructure in place to 
support forest ecosystems? 
(Yes/No)" 

No: Absence of infrastructure mindful of 
environmental impact, potentially leading 
to forest degradation. Yes: The presence of 
infrastructure designed or modified to 
minimize the ecological footprint supports 
forest sustainability. 

Adaptive 
operations 

Nominal "Do local businesses practice 
adaptive operations that 
consider environmental 
impacts? (Yes/No)" 

No: Operations not considering ecological 
limits risk forest health and biodiversity. 
Yes: Operations that adjust business 
practices to promote environmental 
stewardship and balance with economic 
activities. 

Local training 
and support 

Nominal "Is there local training and 
support available for forest 
conservation? (Yes/No)" 

No: A lack of community knowledge and 
conservation skills leads to potential 
unsustainable practices. Yes: A structured 
approach to community education and 
empowerment for sustainable forest 
management. 

Gender Nominal "What is your gender? 
(Male/Female)" 

Male/Female: Identifies gender-specific 
contributions and perspectives in forest 
conservation, crucial for developing 
inclusive strategies. 

Income Ordinal "Which income bracket do you 
fall into? (Below IDR1,000,000, 
IDR1,000,000 – IDR3,000,000, 
IDR3,000,001–IDR5,000,000, 
Above IDR5,000,000)" 

Various brackets: Reflects the financial 
capacity to support conservation and the 
economic dependence on forest resources. 

Age Ordinal "Please select your age range. 

(18-29, 30-39, 40-49)" 

Various age groups: Shows the spread of 
conservation knowledge and openness to 
adopting conservation practices across 
generations. 

Occupancy 
(Occupation) 

Nominal "What is your occupation? 
(e.g., Company employee, 
NGO worker, Government 
officer, Educator, Private 
business owner, Seller, 
Student, Tourist operator)" 

Varied occupations: Assesses how different 
professional sectors impact and engage 
with forest conservation. 

Settlement Nominal "Do you live in an island 
community or a non-island 
community?" 

Islands community/non-islands 
community: Highlights conservation 
challenges specific to isolated or resource-
limited communities versus mainland 
communities. 

Support 
policy 

Nominal "Does the area have a support 
policy for forest conservation 
efforts? (Yes/No)" 

No: Indicates the absence of 
formal strategies or programs to assist in 
forest conservation, potentially leading to a 
lack of structured support for such 
initiatives. Yes: Signifies that established 
policies or programs offer assistance or 
incentives for forest conservation, 
reflecting a commitment to reinforcing 
conservation efforts through policy 
support. 
 

 

Jurnal Manajemen Hutan Tropika, 32(4), 399-408, 2026 

EISSN: 2089-2063

DOI: 10.7226/jtfm.32.4.399

https://doi.org/10.7226/jtfm.32.4.399
https://crossmark.crossref.org/dialog/?doi=10.7226/jmht.32.4.399&domain=pdf&date_stamp=2026-10-08


Scientific Article

ISSN: 2087-0469

founded in this design. We therefore interpret all outcomes as 
differences between sectors, not as effects attributable 
specifically to fire.

This study asked whether tree community structure and 
taxonomic composition differ between the two contrasting 
BRUNAS sectors. Specifically, we evaluated alpha diversity, 
beta diversity, horizontal and vertical stand structure, species 
importance value, and family importance value. We expected 
local richness to be relatively similar between sectors, 
whereas species composition and structural attributes linked 
to vertical development and dominance might differ. These 
expectations were evaluated as sector-level contrasts because 
the design cannot isolate fire from elevation-associated 
conditions. The results are intended to support practical 
monitoring and management of premontane forests.

Methods
Study area The study was conducted in BRUNAS, Tingo 
María, district of Rupa Rupa, province of Leoncio Prado, 
Huánuco, Peru. The reserve covers 217.22 ha (Puerta & 
Cárdenas, 2012). The analyzed area comprised two 
contrasting sectors within a premontane Amazon forest. The 
lower sector was treated as the comparison sector, whereas 
the upper sector was classified as showing field evidence of 
fire based on photographs from the October 2024 campaign, 
which documented charred litter and soil, scorched 
herbaceous and shrub vegetation, blackened rocky slopes, 
and a continuous burned patch on the ridge and upper slope. 
This classification describes observed field conditions but 
does not isolate fire effects from elevation or other 
environmental differences.

Sampling design and field measurements. The original 
field design followed a systematic stratified sampling 
scheme by sector, with a random starting point and a 90 m 
grid distance following the approach used for reconnaissance 
forest inventories (Dauber, 1995). Twenty-seven rectangular 
sampling units of 500 m² were established (14 in the upper 
sector and 13 in the lower sector), yielding a total sampled 
area of 13,500 m² (1.35 ha), equivalent to 0.62% of 
BRUNAS. Trees with diameter at breast height (DBH) ≥ 10 
cm were inventoried and measured at 1.30 m above ground. 
For each tree, DBH, total height, merchantable height, crown 
diameter, species, and family were recorded. Wood density 
was not measured in the field; values were assigned from 
species- or genus-level trait databases when available (Chave 
et al., 2009; Zanne et al., 2009).

Data preparation Field data from the two Excel workbooks 
were imported, merged, and checked in Python. Column 
names were standardized, blank rows were removed, 
taxonomic spelling was harmonized, and basal area was 
recalculated from DBH. The sampling unit was the unit of 
statistical inference for all stand-level comparisons, 
including vertical strata. Individual-tree summaries were 
retained only as descriptive information because trees were 
nested within sampling units.

Diversity and composition For each sampling unit, 
abundance, richness, Shannon diversity, Simpson diversity, 
Pielou's evenness, and Hill numbers were calculated 

(Shannon, 1948; Simpson, 1949; Pielou, 1966; Hill, 1973). 
Sector differences were tested using two-sided Mann-
Whitney tests, 9,999-permutation tests of the median 
difference, and Cliff's delta effect sizes with 95% confidence 
intervals from 10,000 bootstrap resamples (Mann & 
Whitney, 1947; Cliff, 1993). False discovery rate correction 
was applied within each related family of tests (Benjamini & 
Hochberg, 1995). Beta diversity was evaluated from a 
sampling-unit-by-species matrix using Jaccard and Bray-
Curtis dissimilarities (Jaccard, 1901; Bray & Curtis, 1957). 
Principal coordinates analysis was used for ordination, and 
sector differences were tested using PERMANOVA and 
PERMDISP with 9,999 permutations (Anderson, 2001; 
2006; Legendre & Legendre, 2012).

Forest structure and ecological importance Horizontal 
structure was described with diameter-class histograms. 
Vertical structure was classified into understory (< 10 m), 
canopy (10 to < 25 m), and emergent strata (≥ 25 m); stratum 
percentages were calculated separately for each sampling 
unit before comparing sectors. At the sampling-unit level, we 
compared stem density, basal area per hectare, mean DBH, 
mean total height, mean merchantable height, and mean 
crown diameter. Assigned wood density was excluded as an 
independent structural response because it was derived from 
taxonomic databases and therefore mainly reflected species 
composition; it is reported only as a composition-linked trait 
in Supplementary Data S1. Species importance value index 
(IVI) was calculated as relative density + relative dominance 
+ relative frequency. Family importance value (FIV) was 
calculated as relative abundance + relative dominance + 
relative diversity (Mueller-Dombois & Ellenberg, 1974). All 
analyses were conducted in Python.

Results
The final screened database contained 615 trees 

distributed across 27 rectangular sampling units and 1.35 ha 
(0.62% of BRUNAS). The upper sector contained 344 trees 
in 14 sampling units, whereas the lower sector contained 271 
trees in 13 sampling units. After taxonomic harmonization, 
the community matrix included 59 species and 25 families. 
Field photographs from the upper sector documented charred 
surface material, scorched vegetation, and blackened rocky 
substrates (Figure 1). These observations support the 
description of fire evidence in that sector but do not establish 
that fire caused the measured sector differences.

No alpha-diversity comparison remained significant after 
FDR correction (Table 1; Figure 2). Richness, Shannon 
diversity, Simpson diversity, and Hill numbers showed 
overlapping distributions. Pielou's evenness showed the 
strongest directional trend, with a lower median in the upper 
sector (Cliff's δ = -0.593, 95% CI [-0.879, -0.220]), but it did 
not cross the adjusted significance threshold (qFDR = 
0.0566). Thus, alpha diversity was broadly comparable, with 
an evenness trend that was not statistically confirmed after 
correction at this sample size.

Species composition showed robust sector differentiation 
(Table 2; Figure 3). PCoA ordination based on Jaccard and 
Bray-Curtis dissimilarities separated upper- and lower-sector 
sampling units. PERMANOVA confirmed differences for 
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Figure 1 Study-area location and field photographic evidence from the upper sector of BRUNAS, Tingo María, Peru. (A) lower 
and upper study-sector polygons; (B) regional location; (C-F) charred ground, scorched vegetation, and burned ridge 
conditions. The photographs document fire evidence but do not isolate fire effects from elevation-associated 
conditions.

 

 
 
 
 
 
 

 

 

     

     

      

Table 1 Alpha diversity per sampling unit and non-parametric comparison between the lower and upper sectors

Metric  Lower median 
[IQR]  

Upper median 
[IQR]  

Δ 
median  

p-value  qFDR  Cliff's δ [95% CI]

Richness (S)  10.000 [3.000]  12.000 [4.750]  2.000  0.4768  0.4768  0.165 [-0.280, 0.599]
Shannon (H')  2.133 [0.317]  2.052 [0.507]  -0.081  0.4520  0.4768  -0.176 [-0.615, 0.275]
Simpson (1-D)

 
0.867 [0.044]

 
0.819 [0.083]

 
-0.048

 
0.1523

 
0.3046

 
-0.330 [-0.736, 0.121]

Pielou's evenness (J')
 

0.951 [0.040]
 

0.900 [0.115]
 

-0.051
 

0.0094
 

0.0566
 

-0.593 [-0.879, -0.220]
Hill number ¹D

 
8.442 [2.977]

 
7.786 [4.201]

 
-0.656

 
0.4520

 
0.4768

 
-0.176 [-0.604, 0.286]

Hill number ²D
 

7.538 [2.978]
 

5.544 [3.595]
 

-1.994
 

0.1523
 

0.3046
 

-0.330 [-0.736, 0.121]

 

Figure 2 Alpha diversity per sampling unit in the lower (n = 13) and upper (n = 14) sectors for (A) abundance, (B) richness, (C) 
Shannon diversity, (D) Simpson diversity, and (E) Pielou's evenness.
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Figure 3 Beta-diversity ordination based on (A) Jaccard and (B) Bray-Curtis dissimilarities. Points are sampling units and 
polygons are sector convex hulls.

Table 2 Distance-based beta-diversity tests comparing upper- and lower-sector sampling units

 

 

 

 

       

 

Dissimilarity  PERMANOVA F  R²  p-value  PERMDISP F  p-value  Mean distance 
upper

Mean distance 
lower

Jaccard

 
2.946

 
0.105

 
<0.001

 
0.064

 
0.8131

 
0.516 0.523

Bray-Curtis 3.804 0.132 <0.001 0.911 0.3772 0.467 0.496
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presence-absence composition (pseudo-F = 2.946, R² = 
0.105, p-value < 0.001) and abundance-based composition 
(pseudo-F = 3.804, R² = 0.132, p-value < 0.001). PERMDISP 
was not significant for Jaccard (p-value = 0.813) or Bray-
Curtis (p-value = 0.377), indicating that the sector separation 
was not explained by unequal multivariate dispersion.

Diameter distributions showed an inverted-J pattern in 
both sectors, with more individuals in small-diameter classes 
and progressively fewer in larger classes (Figure 4). Vertical 
structure was dominated by the canopy stratum in both 
sectors (Table 3; Figure 5). Sampling-unit comparisons 
indicated trends toward a larger understory fraction in the 
upper sector (Cliff's δ = 0.390, qFDR = 0.108) and a smaller 
emergent fraction (Cliff's δ = -0.412, qFDR = 0.108). Neither 
vertical-stratum trend was statistically confirmed after FDR 
correction at this sample size.

None of the six field-measured structural variables 
differed significantly after FDR correction (Table 4; Figure 
6). Nevertheless, effect sizes indicated directional trends 
toward lower mean total height (Cliff's δ = -0.527, qFDR = 
0.072), lower mean merchantable height (Cliff's δ = -0.440, 
qFDR = 0.103), and lower mean DBH (Cliff's δ = -0.418, 
qFDR = 0.103) in the upper sector, together with a larger 
mean crown diameter (Cliff's δ = 0.516, qFDR = 0.072). 
Stem density and basal area showed smaller or less precise 
effects. These are trends rather than confirmed differences at 
the available sample size. Assigned wood density was not 
interpreted as a separate structural result.

Species importance differed between sectors (Table 5; 
Figure 7). In the upper sector, Senefeldera inclinata had the 
highest IVI (49.801), driven primarily by relative density 
(29.070%) rather than relative dominance (13.856%) or 
relative frequency (6.875%). In the lower sector, Cedrelinga 
cateniformis had the highest IVI (41.727), driven primarily 
by relative dominance (31.748%) rather than relative density 
(5.535%) or relative frequency (4.444%). At the family level, 
Euphorbiaceae had the highest FIV in the upper sector, 
whereas Fabaceae had the highest FIV in the lower sector 

(Table 6; Figure 8). These components identify how domi-
nance differed but not whether fire, elevation-associated soil, 
or topography, or all of them, produced the pattern.

Discussion
The clearest result was the robust difference in species 

composition between sectors, whereas no alpha-diversity 
metric was confirmed after FDR correction. The directional 
evenness trend nevertheless had a large effect size, indicating 
that the absence of adjusted significance should not be 
interpreted as evidence of identical communities. Similar 
local richness can coexist with marked taxonomic turnover, 
as reported during Neotropical forest recovery (Barlow & 
Peres, 2008; Chazdon, 2014; Rozendaal et al., 2019; Jakovac 
et al., 2022).

The inverted-J diameter pattern in both sectors is 
consistent with continuing recruitment and a multi-aged 
stand structure, although a single inventory cannot establish 
recruitment rates. The upper sector also exhibited medium-
to-large directional effects, resulting in lower tree height and 
emergent representation, as well as larger crown diameter 
and understory representation. Because these comparisons 
did not remain significant after FDR correction, they indicate 
trends that require more replication rather than confirmed 
structural differences. This cautious interpretation is consis-
tent with evidence that forest attributes recover at different 
rates and that composition and vertical development may lag 
behind local diversity (Rozendaal et al., 2019; Poorter et al., 
2021).

The compositional differentiation has practical impli-
cations. PERMANOVA showed that sectors differed in both 
species occurrence and abundance structure, and 
nonsignificant PERMDISP results indicate that this 
separation was not driven by greater heterogeneity in one 
sector. Beta diversity is therefore the strongest current 
monitoring indicator for BRUNAS; stem density or basal 
area alone would miss this taxonomic differentiation.

Species and family importance values clarify the basis of 
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Figure 5 Plot-level percentages of trees in (A) understory, (B) canopy, and (C) emergent height strata for the lower (n = 13) and 
upper (n = 14) sectors. Panels use stratum-specific y-axis ranges for legibility.

 

 
 
 

 

 

 

 

  

   

 
 

  

 

Table 3 Plot-level vertical-stratum percentages compared between the lower and upper sectors

Stratum 
Lower median 

[IQR] (%)
 

Upper median 
[IQR] (%)

 

Δ 
median

 
p-value  

qFDR  Cliff's δ [95% CI]

Understory 
 (<10 m)

 

0.000 
 [0.000]

 

2.703 
 [14.048]

 

2.703
 

0.0430
 

0.1080
 

0.390 
[0.060, 0.709]

Canopy 

 
(10 to <25 m)

 

75.000 
[12.000]

 

74.902 
[13.033]

 

-0.098

 

0.9806

 

0.9806

 

-0.011 
[-0.467, 0.429]

Emergent 
(≥25 m)

22.222
[5.000]

12.698 
[19.241]

-9.524 0.0720 0.1080 -0.412 
[-0.791, 0.011]

 

Table 4 Field-measured structural variables compared at the sampling-unit level between the lower and upper sectors

Metric

 
Lower 
median 
[IQR]

 
Upper 
median 
[IQR]

 Δ median

 

p-value

 

qFDR

 

Cliff's δ [95% CI]

 

Stem density 
(trees ha⁻¹)
 420.000 

[120.000]
 510.000 

[235.000]
 90.000

 
0.2953

 
0.2953

 
0.242 

 

[-0.214, 0.654]
 

Basal area  
(m² ha⁻¹) 

26.717 
[14.667] 

24.731 
[10.745]  

-1.987  0.1523  0.1827  -0.330  
[-0.703, 0.110]  

Mean DBH  
(cm)

 

25.533 
[5.764]

 

22.509 
[1.963]

 

-3.025  0.0688  0.1032  -0.418  
[-0.791, 0.022]

 Mean total height 
(m)

 

19.579 
[1.033]

 

17.245 
[4.236]

 

-2.334

 
0.0212

 
0.0721

 
-0.527 

 [-0.857, -0.121]

 Mean 
merchantable 
height (m)

 

11.362 
[1.824]

 

9.250 
[2.376]

 

-2.112

 

0.0553

 

0.1032

 

-0.440 

 
[-0.824, -0.011]

 Mean crown 
diameter (m)

 

3.446 
[0.698]

 

4.262 
[1.041]

 

0.817

 

0.0240

 

0.0721

 

0.516 

 

[0.110, 0.868]
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Figure 4 Diameter-class distributions using 10 cm DBH classes for (A) the lower and (B) upper sectors.



Scientific Article

ISSN: 2087-0469

 

 

 
 

  

 
 

 

 
 
 
 

 
 
 

 
 

 
 

 
  

  

 

      

      
      

      
      

      
   
   
   
   
   
   
   
   
   
   
   

 

Figure 6 Sampling-unit-level field-measured structural variables in the lower (n = 13) and upper (n = 14) sectors. Assigned wood 
density is excluded because it is a database-derived, composition-linked trait.

Table 5 Components of importance value index for the top five species in each sector

Sector  Species  Relative  
density 

(%)
 

Relative  
dominance 

(%)
 

Relative  
frequency 

(%)
 

IVI  

Upper sector

 
Senefeldera inclinata Müll. Arg.

 
29.070

 
13.856

 
6.875

 
49.801

 Upper sector

 

Virola decorticans Ducke

 

12.209

 

10.519

 

8.750

 

31.479

 
Upper sector

 

Cecropia sciadophylla Mart.

 

6.686

 

7.470

 

5.000

 

19.156

 
Upper sector

 

Trattinnickia boliviana (Swart) Daly

 

4.942

 

4.894

 

5.625

 

15.460

 

Upper sector

 

Parkia panurensis Benth. ex HC Hopkins

 

2.326

 

7.978

 

3.750

 

14.053

 

Lower sector

 

Cedrelinga cateniformis (Ducke) Ducke

 

5.535

 

31.748

 

4.444

 

41.727

 

Lower sector

 

Virola decorticans Ducke

 

13.653

 

7.605

 

8.148

 

29.406

 

Lower sector

 

Pourouma bicolor Mart.

 

7.749

 

5.246

 

6.667

 

19.662

 

Lower sector

 

Jacaranda copaia (Aubl.) D. Don

 

4.428

 

6.294

 

5.185

 

15.907

 

Lower sector

 

Inga alba (Sw.) Willd.

 

4.428

 

4.845

 

5.185

 

14.458

 

 

Figure 7 Top 10 species ranked by importance value index (IVI = relative density + relative dominance + relative frequency) in 
the lower and upper sectors. Full taxonomic authorities are provided in Table 5.
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sector dominance. The leading upper-sector species, 
Senefeldera inclinata, was important mainly because of its 
relative density, whereas lower-sector Cedrelinga cateni-
formis was important mainly because of basal-area 
dominance. The greater upper-sector importance of 
Euphorbiaceae and lower-sector importance of Fabaceae 
likewise describe different abundance, dominance, and 
diversity components. However, these patterns cannot 
determine whether fire, elevation-associated soil, or 
topography, or a combination of these factors, shaped the 
observed dominance.

Fire evidence and elevation were confounded because the 
sector showing burned conditions was also the upper sector. 
No pre-fire inventory was available, and the design included 
only one upper and one lower sector within a single reserve. 
The 27 sampling units were subsamples within those sectors 
rather than independent site-level replicates. Consequently, 
the data support a between-sector comparison but cannot 
determine whether the observed patterns arose from fire, 
elevation-associated soil and topography, or both. Repeated 
pre- and post-disturbance inventories across multiple 
independent sites are needed to separate these effects.

For management, the findings support fire prevention and 
repeated monitoring of species composition and vertical 
structure rather than intervention based on the present sector 

contrast alone. Repeated surveys of the same rectangular 
sampling units can show whether current trends persist, 
while additional independent sectors spanning elevation and 
fire histories are needed before attributing differences to a 
particular driver. This design would provide a stronger basis 
for restoration planning, ignition control, and conservation of 
premontane forest remnants.

Conclusion
Species composition differed robustly between the two 

BRUNAS sectors for both presence-absence and abundance 
data. Alpha-diversity and field-measured structural 
comparisons were not confirmed after FDR correction, 
although medium-to-large effect sizes indicated directional 
trends in evenness, height, crown diameter, and vertical-
stratum representation. IVI components showed density-
driven dominance by Senefeldera inclinata in the upper 
sector and basal-area-driven dominance by Cedrelinga 
cateniformis in the lower sector. Because the sector showing 
fire evidence was also the upper sector, no pre-fire inventory 
was available, and only one upper and one lower sector were 
studied, the data cannot attribute these patterns specifically to 
fire rather than elevation-associated conditions. Repeated, 
replicated monitoring is required to distinguish these effects.
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Table 6 Components of family importance value for the top five families in each sector

Sector  Family  Relative   
abundance (%)  

Relative   
dominance (%)  

Relative  
diversity (%)  

FIV  

Upper sector  Euphorbiaceae  31.977  18.597  8.163  58.737  
Upper sector  Myristicaceae  14.826  15.326  8.163  38.315  
Upper sector  Fabaceae  8.721  16.496  12.245  37.462  
Upper sector  Urticaceae  13.663  15.612  8.163  37.438  
Upper sector  Moraceae  7.267  10.074  12.245  29.586  
Lower sector  Fabaceae  18.081  47.429  18.919  84.429  
Lower sector

 
Myristicaceae

 
15.867

 
9.251

 
8.108

 
33.226

 
Lower sector

 
Urticaceae

 
13.284

 
8.901

 
5.405

 
27.591

 
Lower sector

 
Rubiaceae

 
9.963

 
6.233

 
5.405

 
21.601

 
Lower sector

 
Moraceae

 
5.535

 
3.306

 
10.811

 
19.652

 

 

Figure 8 Top five families ranked by family importance value (FIV = relative abundance + relative dominance + relative 
diversity) in the lower and upper sectors.
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Recommendation
Forest managers should maintain fire prevention and 

repeat inventories in the same rectangular sampling units to 
track species composition, vertical structure, and domi-
nance. Future monitoring should include independent 
sectors across comparable elevations and, where possible, 
pre- and post-disturbance measurements. Restoration 
actions such as enrichment planting should be considered 
only if repeated evidence shows persistent regeneration or 
compositional deficits.
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