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Abstract

:

The main objective of this study was to determine the heterogeneity of tropical mountain rain forests along a micro-altitudinal gradient scale, integrating species functional traits in the separation of communities. To achieve this, a forest area of 13 ha in the Biological Reserve of San Francisco was monitored. First, we performed non-metric multidimensional analyses, and afterwards, we looked for correlations between plot altitude and characteristics of the forest (basal area, the number of species, the number of trees ≥20 cm diameter at breast height, per hectare, the forest canopy opening) were associated. To determine which characteristics significantly influence the separation of forest “communities”, we used a multivariate canonical correspondence analysis (CCA). Finally, we carried out the “Four Corners” analysis, combining abundance matrices, traits and environmental variables. We confirmed that the altitude and some associated characteristics are the key factors for the formation of two forest types. In addition, we determined that the inclusion of species functional traits confirms the separation of forest communities, and that elevation and its associated environmental variables function over relatively small areas and scales.
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1. Introduction


Tropical forests (TFs) cover 7% of the earth’s surface. Worldwide, 28% of dense forests are tropical mountain forests (TMFs). TFs contain 50% of the world’s forest biomass and are considered the most important natural carbon sinks, with a paramount importance in managing the global climate change [1]. TMF are one of the most diverse and threatened ecosystems on earth; this is especially true for the eastern Andean forests [2]. The last map of global diversity of vascular plant species [3] emphasized the areas of TMFs as the most important hotspots of the world.



Furthermore, TFs generate 36% of the net primary terrestrial production, contributing to the regulation of carbon dioxide (CO2) concentration in the atmosphere [4,5]. TMFs harbor hydrographic river basins and therefore, they are an essential component in the water regime regulation [6]. Some other functions of these forests are producing wood and non-wood products, catching and storing precipitations and humidity, maintaining the quality of the water, and also reducing erosion and protecting against landslides and floods.



The so-called “Tropical Andes” hotspot includes various types of forests known worldwide for their high diversity [2]. In this type of ecosystem, altitude plays a fundamental role in the distribution of diversity [7]. Several authors recognized that altitude and its associated variables determine richness, floristic composition and structure of the forests in these montane environments [8,9]. In many cases, these variables have a synergic and direct effect on species richness, which generally reaches a peak at approximately 1000 m a.s.l.



In Ecuador, it is estimated that the total number of vascular plant species is between 18,000 and 22,000, one of the highest in the world. Additionally, along the Andes, there is a large number of endemic species restricted to just the middle elevations (900–3000 m) [10]. Despite their global importance, the TMFs in Ecuador are the most threatened type of ecosystems, mainly due to change in land use [11]. The latest reports indicate that already in 2005, 51% of the forest area was lost, with a deforestation rate of 1.7%, which is equivalent to 198,000 ha.



The TMFs distributed along the Andes Real Cordillera in southeastern Ecuador, also termed “montane cloud forest” [12] or “evergreen montane forest” [13], can be partitioned into “mountain rainforest” located between 1800–2800 m a.s.l. and “high mountain evergreen forest” located between 2800 and 3100 m a.s.l. [14]. In both cases, the classification was based on widely used physiognomic patterns of the vegetation in response to macroscale geographic regions. Generally, hierarchical vegetation classification models only work at large scales, and elevation data and species distribution models are too broad to be useful. A classification based on structural parameters, diversity and functional traits of the species is still incipient; this is due to the fact that, at a geographic microscale, the response of the community to the high environmental heterogeneity is much more complicated, and the attempts to classify vegetation into physiognomic distinct categories are not straightforward. In this context, our study is based on the hypothesis that by using functional traits of the species, along with environmental variables, we would be able to delimit the different types of forests present in our study area.




2. Materials and Methods


2.1. General Description of the Study Site


The study was carried out in the Reserva Biologica San Francisco (RBSF) 03°58′ S, 79°04′ W; 1850 m a.s.l. [15], located to the North of Podocarpus National Park (PNP) in Southern Ecuador. RBSF is situated within the eastern cordillera of the Andes [16]. This area is geographically located between Loja and Zamora-Chinchipe provinces (Figure 1).



The soils in the RBSF mainly belong to the order of Inceptisols. At the lower parts of the slopes, Dystrudepts are more frequent, whereas in the upper parts, Humaquepts and Petraquepts dominate [17]. The soils in tropical mountain forests are characterized by thick organic layers, which store large contents of biomass and nutrients [18].



The climate is perhumid, with marked altitudinal gradients in air temperature, humidity and rainfall [19]. The annual mean air temperature ranges from 19.4 °C in the valley to 9.4 °C on the highest mountain tops. The distribution of rainfall is linked to altitude, due to orographic precipitation formation. The average annual rainfall amounts vary between 2300 mm in the valley and 6700 mm on the mountain tops [19].




2.2. Installation of Plots and Forest Inventory


We established 50 × 50 m permanent plots in three different watersheds of the RBSF, named Q2, Q3, and Q5. Twenty plots were installed in Q2 (5 ha), sixteen plots in Q3 (4 ha) and sixteen plots in Q5 (4 ha). In all plots, trees with a diameter at breast height (DBH) ≥ 20 cm were labelled, identified and measured; in addition, 52 central internal plots were installed in each of the large plots, where all the individuals with a DBH of 5–19.9 cm were labelled, identified and measured. Samples from the trees that could not be identified in the field were collected; identification was made by comparison with other botanical specimens collected in the LOJA and HUTPL herbaria of the universities closest to the site.




2.3. Data Acquisition


The data for the floristic and structural analyses were taken directly from the inventories carried out in the field; this allowed, afterwards, the calculation of the average DBH per ha, basal area/ha, average total height of the stand. The canopy openness (defined as the unweighted fraction of unobscured sky) was measured on hemispherical pictures using Gap Light Analyzer software. All terrain data, such as altitude of the midpoint of the plot, inclination and exposure, were acquired in the field and used directly in the environmental matrix. The functional traits of each species used to determine their influence on the division of forest types were: (1) wood density (WD) [20,21,22,23]; (2) average diameter (DBH); (3) growth (annual diametric increase); (4) leaf type; (5) ecological guild [21,23]; (6) dispersal syndrome. Each of these traits is related to different resource use strategies, through acquisitive mechanisms and conservative mechanisms. For example, wood density is related to growth rate, carbon allocation, disease or pest resistance, and primary production [8,20,24]. Leaf type predicts the growth of tropical trees [25] and they present adaptations that allow plants to live in various environmental conditions [26]. As conservative traits, we used the ecological guild or succession type and the “dispersal syndrome”, which is closely related to the relative abundance of species [27] (Table 1).




2.4. Data Analyses


To characterize the forests state in RBSF, structural and floristic parameters were calculated using the following equations (Equations (1)–(5)) [28,29,30,31,32,33,34,35].


   Relative   Density     (  RD  )  =  (     Individuals   per   species     Total   individuals   in   the   plot     )  ∗ 100  



(1)






   Relative   Dominance   (  RDm  )  =  (     Basal   area   per   species     Total   Basal   Area   in   the   plot     )  ∗ 100  



(2)






   Relative   Diversity   (  RDi  )  =  (    #  species   per   Family     Total   species     )  ∗ 100  



(3)






     Importance   Value   Index   (  IVI  )  = (  Relative   density  +  Relative   Dominance   



(4)






  Shannon −  Wiener   Index     (   H ′   )  = −   ∑   i = 1  S   p i    lnp  i   



(5)







S = number of species (richness);



Pi = proportion of individuals of species with respect to total individuals (i.e., relative abundance of the species) n1/N;



ni = number of individuals of the species.



n1 = number of individuals of the species.



N = number of all the individuals of all the species.




2.5. Statistic Analysis


We generated three matrices. The first consisted of the abundance of individuals in each of the plots, obtained from the post-inventory count. The second matrix consisted of the traits of each of the species involved in the study (Table 2). Finally, for each plot, both environmental and terrain data were included in the third matrix. These three matrices were used for all statistical analyses of floristic grouping and to measure the influence of functional traits and environmental factors on vegetation grouping.



2.5.1. Non-Metric Multidimensional Scaling (NMDS)


To calculate the resemblance matrix between plots, the Bray–Curtis dissimilarity distance was used. In order to build a dissimilarity matrix between plots, a non-metric multidimensional scaling (NMDS) was performed, to visualize the main environmental factors that influence the grouping of these forest communities. The results were plotted in an NMDS ordination diagram. Values of species abundance, basal area, trees density and environmental variables were fitted onto the first two axes of the NMDS ordination.



The averages at plot level and group level of Shannon diversity index SDI and other characters were compared using a Kruskall–Wallis test between each group assimilable to a vegetation unit. Ordination was performed with the package ‘vegan’ [36] in R software.




2.5.2. Canonical Correspondence Analyses


Canonical correspondence analyses (CCA) were used to test whether the same parameters employed in the correlation analysis influenced the grouping (based on species abundance) of floristic sample plots distributed on the three blocks. This analysis is a multivariate technique that allows representing low-dimensional geometric space proximity between a set of objects influenced by a series of predictor variables. The lambda value corresponds to the eigenvalue of each extracted variable in each axis of the array. F–ratio is calculated using the trace or the sum of all the eigenvalues, while the p value indicates the significance of variables (p ≤ 0.05).



Normally, the CCA involves two matrices: the matrix of dependent variables (e.g., a matrix of sites × species) and the matrix of independent variables (e.g., a matrix of environmental variables). The connection between the two matrices is carried out by means of multivariate regression techniques [37]. Parameters were elevation (m a.s.l.), number of trees ha−1, basal area ha−1, canopy openness (%), average DBH and species richness (total number ha−1).




2.5.3. Correlation


To assess whether there was a significant correlation between the number of trees ha−1, basal area ha−1, DBH ha−1, canopy openness and diversity in terms of Shannon Index and altitudinal gradient, Spearman correlation coefficient was used. If the correlation was significant (r ≥ 0.4; p ≤ 0.05), we considered that the altitude had an impact on the structure and composition of RBSF, determining two or more floristic groups.




2.5.4. Fourth Corner


To complete the analyses that related the characteristics of the forests (growth, DBH, basal area, canopy openness, richness, composition, etc.) and the attitudinal gradient to determine communities or, in this case, determine the types of forests existing in areas and gradients at microscale, we included the functional traits of the species that theoretically were those that respond to altitudinal changes. For this, we used a model-based approach of the fourth-corner analysis [38,39]. This method relates an R matrix of environmental variables to a Q matrix of species traits, by means of an L matrix of species abundance [39]. Depending on the type of variable to relate, a statistic for each pair of traits and environmental variables was computed (Pearson chi-square for two qualitative variables, pseudo-F and correlation ratio for one quantitative and another qualitative variable). Furthermore, a global multivariate statistic linking R and Q arrays was computed as the sum of all statistics mentioned above, in the fourth-corner matrix [40]. The significance of all fourth-corner statistics was tested using permutation model [40]. Here, we used a model where cell values in the L matrix were permuted within each column, testing the null hypothesis that the species were randomly distributed with respect to environmental conditions [41]. All calculus was developed using the “ade4” package [42] in the R software (R Core Team 2021).






3. Results


3.1. Grouping Plots


Based on plots of the three sampling sites with floristic similarity and a strong correlation with various attributes of the forest (basal area ha−1, canopy openness, trees ha−1 and alpha diversity), two types of forest could be determined, clearly different in structure and species composition. The spatial distribution of sample plots over the altitudinal gradient implies a change in the structure and diversity of each of the plots. Structural groups were defined based on a correlation between altitude and different attributes of each of the study plots.



The results of NMDS analysis showed that the sampled plots were divided into two clearly defined groups. The floristic and abundance data used in the matrix formed two groups that we called “forest types”. The first group, named “Valley Forest” (VF), consisted of 15 plots from the Q2 site, and all the plots from the Q5 site. The other group, named “Ridge Forest” (RF), was made up of all the plots of the Q3 site and five plots of the Q2 site (Figure 2).




3.2. Influence of Altitudinal and Structural Parameters on Grouping Communities


After canonical correspondence Analyses (CCA), altitude was a significative variable in the grouping of the plots, along with basal area and trees per hectare (Figure 3). To a smaller degree, species diversity (expressed as Shannon index) and canopy openness were also factors that determined the grouping. The analyses of the values of the canonical axes explained 18.1% of variance in species data and 84% of its relationship with environmental variables (Table 2). This indicates that the structural and floristic characteristics were the result of the influence of the altitudinal gradient and all environmental variables correlated to this (temperature environmental, precipitation, wind, soil, etc.).




3.3. Correlation between Elevation and Characteristic of Forest


The basal area decreases ad altitude increased; at 1900 m a.s.l., the average basal area can reach 44 m2 per hectare (includes only the trees >20 cm DBH). In the plots at 2100 m a.s.l., the average basal area had values of 5 to 14 m2 per hectare. The same applied to the number of individuals and to the diversity of the sampled sites. This confirmed the trends found in tropical mountain forests, which means that as altitude increases, the diversity of tree species decreases. Canopy openness was higher with the increasing altitude of the plots. The graphs showed a strong correlation between altitude and variable characteristics of each plot (Figure 4).



The VF is characterized by the presence of Tabebuia chrysantha (Jacq.) G. Nicholson, Cedrela montana Moritz ex Turcz., Inga acreana Harms. and Ficus citrifolia Mill. There are also other species such as Cecropia montana Warb. ex Snethl., Guarea pterorhachis Harms and Heliocarpus americanus L. that are unique to this group.



The RF is characterized by the presence of Podocarpus oleifolius D. Don ex Lamb., Hyeronima moritziana Mull. Arg, Clusia ducuoides Engl., which were species selected as PCT. Other species that characterize the group are Purdiaea nutans Planch., Graffenrieda emarginata (Ruiz and Pav.) and Alchornea grandifolia Triana and Mull Arg.




3.4. Structural Parameters of Floristic Groups


In VF, we encountered 141 species, which belonged to 51 families, while in RF, the diversity was represented by 86 species belonging to 51 families. Table 3 shows the relative diversity values of the most important families in each of the determined forest types.



Table 4 shows the values of density and relative dominance of the most important VF species. Table 5 shows the values of density and relative dominance of the most important RF species.



The RF had a total basal area of 54.3 m2, with an average of 10.3 ± 3.1 m2ha−1, while the VF had a total basal area of 168.7 m2, with an average of 21.8 ± 7.9 m2ha−1, considering only the trees >20 cm DBH.



In the RF, there was a total of 862 individuals > 20 cm DBH and an average of 164.2 ± 35.3 trees ha−1. In the Valley Forest, there was a total of 1933 individuals >20 cm DBH and an average of 248.8 ± 81.4 trees ha−1.



The total basal area of trees in the class 5.1–20 cm DBH in the RF was 3.47 m2, which averaged 11.5 ± 3.9 m2 ha−1. In VF, the total basal area was 3.7 m2 in the class 5.1–20 cm DBH, which means an average of 8.8 ± 3.8 m2 ha−1. In RF, there was a total of 443 individuals in the class 5.1–20 cm DBH, with an average of 1464 ± 461.8 trees ha−1. In VF, there was a total of 392 individuals in the class 5.1–20 cm DBH with an average of 906.8 ± 383 ind./ha.



The figures below show the distributions of individuals in all diametric classes in the two forest types (Figure 5).



The structural difference between the two floristic groups was low, but most evident in the first two diametric classes. In RF, there were more individuals per hectare in the first two classes, while in the Valley Forest, there were more individuals per hectare in the higher diameter classes.



In VF, there were more trees in the larger diameter classes, allowing for harvest at a higher intensity. In RF, the small number of large trees suggests lower harvest intensity, the large number of small individuals and the structure of natural regeneration being a typical feature of these forests at this altitude. Regarding the higher number of individuals in lower diameter classes, the RF contained higher basal area values in these classes than the other group (Figure 5).



The diameter distributions of trees in RBSF indicate that the trees were distributed in large quantities in smaller diameter classes and the numbers decreased in a negative exponential way for higher diameter classes. This inverse J-shape distribution type represents a good structure which is typical for natural forests (Figure 5). Each group has its unique species. In the VF, there were 87 exclusive species, representing 47.5% of the total species identified in the study.




3.5. Functional Traits Influence Forest Separation


The previous results confirmed that the elevation and its associated variables were the main factors that drive the composition and structure of the determined forest types. Likewise, there was a significant correlation at the community level between environmental factors and the plant functional traits as a response to these environmental changes. When incorporating the functional species traits in the determination of the forest types, we found that the conservative traits, such as the dispersal syndrome, were significantly related to the species (p = 0.01) and the alpha diversity of the forest types (p = 0.04). The ecological guild to which the species belongs was strongly related to the elevation (p = 0.05) and the forest type (p = 0.01).



Species acquisitive traits also play a significant role in characterizing forest types. Diametric growth, as the main acquisitive trait, was significantly related to altitude (p = 0.004) and its related variables that, as we observed previously, play an important role in the separation of forest communities.



Both the acquisitive and the conservative traits are important in the conformation of the forest communities; the Four Corner analysis allowed us to include the characteristics of the species that in other analyses went unnoticed, but were significant when classifying the vegetation. Figure 6 shows the correlations between the traits and the environmental variables and Table 6 shows the correlation values between the functional traits of the species and the environmental variables.





4. Discussion


In the proposed model for classification of continental vegetation of Ecuador, Sierra et al. [14] used the regional division of the territory and included the concept of subregions. The hierarchical model divided the regions into sectors, i.e., each region had subregions, and these in turn were divided into sectors, with nesting vegetation physiognomy (Mangrove Forest, Shrubland, Espinar, Savannah, Paramo and Gelidofitia) and other hierarchical criteria such as environmental criteria (dry, wet, fog), phenological criteria (evergreen, deciduous, semi deciduous) and floristic altitudinal levels (lowland, premontane, lower montane, montane, upper montane), determining 62 cover types, 27 on the coast, 24 in the Andes and 11 in the Amazonia.



However, the classification at the plant formation level included large areas that were evidently heterogeneous with respect to key factors, mainly in the composition and structure of the forests. Other authors, such as Valencia et al. [12], called this formation “montane cloud forest” in southeastern Ecuador. This is also known as “Evergreen Montane Forest” [13], using climatic (“cloud”) and functional (“evergreen”) elements in the naming of the formations.



Other classifications proposed altitudinal limits as the main factor in the separation of forests, along with a geomorphological factor [43], asserting that the forest in the southern region of Ecuador can be divided into evergreen lower montane forests (up to 2100–2200 m a.s.l.) and upper montane forests, up to the tree line. Above ~2700 m, a shrub-dominated sub-paramo prevails, where small patches of Elfin Forest, the so-called Ceja Andina, dominate the landscape. Both montane forest types can be subdivided into a lower slope (ravine) forest and an upper slope (ridge) forest [44,45].



A new approach of vegetation classification at smaller scales is based on using variables of structure, taxonomic and functional diversity (traits of the species) and environmental factors (including elevation); as a result, four types of forest can be distinguished by combining different types of classification [8]. For example, [46] studied structural parameters; [47] the floristic trees composition; [48] the bryophytes species composition and [49] making a synopsis of previous studies.



All these studies that classified vegetation using environmental parameters associated with elevation were consistent with the categories of vegetation in the RBSF. Even the topographic variables at smaller scales play an important role in the classification of the vegetation, as demonstrated by the studies carried out by [50] in the same study area and [51] who combine topographic variables and functional features to determine small-scale species association in tropical forests of China.



In the Andean vegetation classifications, the elevation gradient and its associated variables play an essential role in separating forests. This is also true in our case, where elevation works at the microscale, that is, the elevational influence occurs in relatively small areas and over relatively short distances, influencing not only the structure and composition of forests, but also the variation in the composition of traits in vascular plants [52], such as leaf size [53], seed dispersal [54] and wood density [55], which are basically the same traits that we used for our analysis.



Although we did not include topographic variables in our analysis, there were reports that these correlated with vegetation classification, especially at a small scale, and were significant in identifying ecological units that included vegetation structure and composition [56], delimiting forest lowland and montane formations [57]. The topographic variables also affect the functional traits of the species, especially the mass of seeds and the density of the wood [51]; in our case, species wood density was also correlated with altitude and forest type.



Regarding the scale of influence, it should be noted that, although we determined in our study that the influence of elevation and associated variables is also significant at microscales, there are cases in which elevation works at larger scales and its evaluation was also significant [58]. This emphasizes the fact that, in addition to the environmental factors associated with elevation, there are other factors intrinsic to the species that help the differentiation of plant communities.



In a specific approach, altitude and its associated environmental factors are crucial when determining and differentiating forest types. In the VF up to 2050 m a.s.l., the number of trees tends to remain relatively stable, while in the RF, the decline in the number of trees at higher altitudes was evident. This pattern is not strict along the Cordillera de los Andes, but it may be subject to changes in temperature and humidity over relatively short intervals [59].



Finally, when referring to the groups determined by our study, we can indicate that the VF were characterized by lower stem density, but with greater basal areas (tree diameters) and higher canopies compared to the RF, where less tree species were also present. The differences in forest structure are mainly due to the climatic conditions and prevailing soil types [60,61]. At the phytosociological level, the floristic structure and composition of the VF and the RF are coupled to more widely distributed floristic formations, such as the order Alzateetalia verticillatae and Purdiaeaetalia nutantis, respectively [62], which validates the floristic analysis carried out in our study area, by the coincidence of indicator species of each floristic association.



For both floristic groups, the microclimatic and topographic conditions cause the species to find suitable sites and share habitat and topographic preferences of occurrence [50], an argument that also reinforces the grouping of the species present in the forest of the RBSF.
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Figure 1. Location of Reserva Biologica San Francisco and Podocarpus National Park. Blocks and plots ubication. 
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Figure 2. Non-metric multidimensional scaling analysis of species composition for the samples (plots). 
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Figure 3. Biplot showing the ordination of 52 sample plots, points show the grouping and the vectors indicate the variables that mostly influenced the grouping. 
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Figure 4. Changes of diversity and structure in altitudinal gradient. Significant correlations (p < 0.05) are shown in regression line. For all tests, n = 52 plots. 






Figure 4. Changes of diversity and structure in altitudinal gradient. Significant correlations (p < 0.05) are shown in regression line. For all tests, n = 52 plots.



[image: Diversity 15 00420 g004a][image: Diversity 15 00420 g004b]







[image: Diversity 15 00420 g005 550] 





Figure 5. Average basal area ha−1 and trees ha−1 by diameter classes on each forest type. 
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Figure 6. The relationship between trees functional traits and habitat variables. Colors represent the strength of interactions (shading) and their direction. Red indicates a positive association and blue indicates a negative association. The scale bar indicates the values of fourth-corner coefficients. Elev elevation, TD tree density. See Table 2 for definition of traits. 
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Table 1. Functional (conservative and acquisitive) traits, including categories, units and codes used to separate forest types.
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Type of Trait

	
Functional Trait

	
Categories

	
Unit






	
Acquisitive

	
Wood density

	
-

	
g cm3




	
Stem density

	
-

	
number




	
Diametric growth

	
-

	
cm year−1




	
Leaf type

	
Simple

	




	
Compound

	




	
Conservative

	
Ecological guild

	
Shade tolerant

	




	
Partial shade tolerant

	




	
Partial light tolerant

	




	
Light tolerant

	




	

	
Anemochory

	




	
Dispersal syndrome

	
Zoochory

	




	

	
Barochory
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Table 2. CCA model p-values for each variable used.
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	Variable
	Var.N
	LambdaA
	p
	F-Ratio





	Altitude
	4
	0.61
	0.001 **
	7.09



	DBH
	7
	0.24
	0.001 **
	3.01



	Species
	3
	0.15
	0.001 **
	1.76



	Trees/ha
	2
	0.14
	0.030 *
	1.75



	Canopy Openness
	8
	0.11
	0.044 *
	1.38



	Basal Area/ha
	1
	0.08
	0.279
	1.09







Signif. codes: ** 0–0.001; * _0.01.
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Table 3. Values of relative diversity in both forest types.
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Valley Forest

	
Ridge Forest




	
FAMILIES

	
Species

	
Relative Diversity (%)

	
FAMILIES

	
# Species

	
Relative Diversity (%)






	
Lauraceae

	
17

	
12.06

	
Lauraceae

	
23

	
27.7




	
Moraceae

	
13

	
9.22

	
Euphorbiaceae

	
7

	
8.4




	
Euphorbiaceae

	
10

	
7.09

	
Rubiaceae

	
5

	
6




	
Melastomataceae

	
9

	
6.38

	
Melastomataceae

	
4

	
4.8




	
Meliaceae

	
9

	
6.38

	
Myrtaceae

	
4

	
4.8




	
Cecropiaceae

	
4

	
2.84

	
Clusiaceae

	
3

	
3.6




	
Mimosaceae

	
4

	
2.84

	
Cunnoniaceae

	
3

	
3.6




	
Myrtaceae

	
4

	
2.84

	
Aquifoliaceae

	
2

	
2.4




	
Aquifoliaceae

	
2

	
2.13

	
Arecaceae

	
2

	
2.4




	
Other families (41)

	
1–2

	
0.71–2.13

	
Asteraceae

	
2

	
2.4




	

	

	

	
Meliaceae

	
2

	
2.4




	

	

	

	
Mimosaceae

	
2

	
2.4




	

	

	

	
Moraceae

	
2

	
2.4




	

	

	

	
Myrsinaceae

	
2

	
2.4




	

	

	

	
Sapindaceae

	
2

	
2.4




	

	

	

	
Sapotaceae

	
2

	
2.4




	

	

	

	
Other families (16)

	
1

	
1.2
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Table 4. Values of relative density and relative dominance in the VF.
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Valley Forest




	
Species

	
Relative Density (%)

	
Relative Dominance (%)






	
Cecropia montana

	
10.52

	
15.04




	
Tabebuia chrysantha

	
4.82

	
13.53




	
Guarea pterorhachis

	
4.46

	
10.54




	
Cecropia gabrielis

	
4.15

	
5.58




	
Heliocarpus americanus

	
3.63

	
6.13




	
Hyeronima asperifolia

	
3.42

	
7.54




	
Piptocoma discolor

	

	
6.63




	
Tapirira obtuse

	

	
5.57




	
Sapium glandulosum

	
3.27

	
4.58




	
Miconia quadripora

	
3.11

	
4.61




	
Inga acreana

	
2.64

	




	
Nectandra membranacea

	
2.54

	




	
Other species

	
0.5–2.64

	
0.05–3.57
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Table 5. Values of relative diversity in both forest types.
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Ridge Forest




	
Species

	
Relative Density (%)

	
Relative Dominance (%)






	
Alchornea grandiflora

	
11.95

	
13.37




	
Alzatea verticillata

	
10.67

	
15.03




	
Clusia ducoides

	
10.44

	
10.06




	
Graffenrieda emarginata

	
7.77

	
5.37




	
Purdiaea nutans

	
5.57

	
5.45




	
Hyeronima moritziana

	
3.83

	
3.52




	
Podocarpus oleifolius

	
3.71

	
4.23




	
Tapirira obtusa

	
3.36

	
3.86




	
Myrcia sp.

	
3.25

	
2.35




	
Dictyocaryum lamarckianum

	
2.67

	




	
Naucleopsis glabra

	
2.2

	




	
Persea ferruginea

	
1.86

	




	
Alchornea pearcei

	
1.74

	
2.65




	
Clusia elliptica

	
1.74

	




	
Nectandra sp.

	
1.74

	




	
Vismia tomentosa

	
1.62

	




	
Persea sp.

	
1.51

	




	
Myrsine coriácea

	
1.39

	




	
Hyeronima asperifolia

	
1.28

	




	
Matayba inelegans

	
1.16

	




	
Other species (58)

	
0.93–0.12

	




	
Other species (76)

	

	
0.06–2.27











[image: Table] 





Table 6. p values and type of correlation used in the Four Corner analysis between the functional traits of the species and the environmental variables, based on the species abundance matrix in each of the determined forest plots.
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	Traits
	Test
	Stat. Obs
	Std. Obs
	Alter
	p-Value
	p-Value .adj





	Altitude
	FREC
	R
	0.103
	3.021
	two-sided
	0.007
	0.019 *



	AB. HA
	FREC
	R
	0.127
	3.716
	two-sided
	0.001
	0.004 **



	ARB.HA
	FREC
	R
	−0.126
	−3.713
	two-sided
	0.001
	0.004 **



	Fdis
	FREC
	r
	0.093
	2.609
	two-sided
	0.019
	0.049 *



	FREC
	FREC
	r
	0.156
	4.515
	two-sided
	0.001
	0.004 **



	Growth
	FREC
	r
	−0.129
	3.589
	two-sided
	0.003
	0.011 *



	Forest
	FREC
	r
	0.102
	3.032
	two-sided
	0.005
	0.016 *



	Altitude
	Density
	r
	0.140
	4.090
	two-sided
	0.002
	0.008 **



	Forest
	density
	r
	0.115
	3.327
	two-sided
	0.004
	0.014 *



	Altitude
	Growth
	r
	0.254
	7.673
	two-sided
	0.001
	0.004 **



	Species
	Growth
	r
	0.159
	4.652
	two-sided
	0.001
	0.004 **



	diver.A
	Growth
	r
	0.188
	5.568
	two-sided
	0.001
	0.004 **



	diver.B
	growth
	r
	0.185
	5.449
	two-sided
	0.001
	0.004**



	CO
	growth
	r
	0.136
	4.073
	two-sided
	0.001
	0.004 **



	FREC
	Growth
	r
	0.142
	4.132
	two-sided
	0.002
	0.008 **



	Forest
	Growth
	r
	0.238
	7.201
	wo-sided
	0.001
	0.004 **



	Altitude
	LEAF
	F
	5.027
	9.009
	Greater
	0.001
	0.004 **



	Species
	LEAF
	F
	6.133
	1.133
	Greater
	0.001
	0.004 **



	diver.A
	LEAF
	F
	4.652
	8.274
	Greater
	0.002
	0.008 **



	diver.B
	LEAF
	F
	3.064
	5.131
	greater
	0.007
	0.019 *



	CO
	LEAF
	F
	2.027
	3.387
	Greater
	0.013
	0.035 *



	FREC
	LEAF
	F
	2.887
	4.742
	Greater
	0.006
	0.018 *



	DBH
	LEAF
	F
	1.821
	3.053
	Greater
	0.022
	0.05.



	Forest
	LEAF
	F
	8.230
	1.433
	Greater
	0.001
	0.004 **



	altitud
	DBH
	r
	0.298
	8.638
	two-sided
	0.001
	0.004 **



	Species
	DBH
	r
	0.215
	6.213
	two-sided
	0.001
	0.004 **



	diver. A
	DBH
	r
	0.272
	7.984
	two-sided
	0.001
	0.004 **



	diver. B
	DBH
	r
	0.262
	7.776
	two-sided
	0.001
	0.004 **



	CO
	DBH
	r
	0.183
	5.216
	two-sided
	0.001
	0.004 **



	FREC
	DBH
	r
	0.117
	3.438
	two-sided
	0.004
	0.014 *



	growth
	DBH
	r
	0.105
	3.035
	two-sided
	0.005
	0.016 *



	Forest Type
	DBH
	r
	0.275
	8.205
	two-sided
	0.001
	0.004 **



	Altitude
	GUILD
	F
	8.883
	2.810
	Greater
	0.023
	0.05.



	Forest
	GUILD
	F
	1.161
	4.166
	greater
	0.007
	0.019 *



	Species
	SYND
	F
	21.493
	5.452
	Greater
	0.005
	0.016 *



	diver. A
	SYND
	F
	14.803
	3.061
	Greater
	0.016
	0.042 *







Signif. codes: 0 -’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.
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