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			ABSTRACT

			Introduction: Wood traits are intrinsic properties of variables used in aboveground biomass (AGB) models, such as wood density and maximum height, whose behavior may vary with soil nutrient availability. In recent decades, knowledge of functional trait ecology has become a valuable tool in biomass and productivity studies. 

			Objective: To analyse the stocks and storage rates of AGB in tropical moist gallery forests of the Colombian Orinoquia (Tomo River, Vichada) based on wood traits and edaphic variables. 

			Methods: We evaluated variables associated with functional and edaphic response on tree vegetation from permanent monitoring plots, three in Terra Firme and two in the floodplain (igapó). For this, we included measurements of wood traits from dominant species, calculated functional diversity indexes, and identified clustering patterns and functional strategies. 

			Results: It was found that higher functional richness was associated with higher storage rates in both forest types. Quadratic entropy and functional dispersion showed similar trends to functional richness but were not statistically significant. Functional evenness and divergence showed contrasting patterns between forests. In both forests, acquisitive functional types had the highest AGB values. Fiber traits, such as fiber length, were associated with AGB, but parenchyma traits were not. We recognized that phosphorus is a nutrient driver of AGB. 

			Conclusions: Our results demonstrate similar functional trends in igapó and terra firme forests.

			Key words: tree community ecology; wood anatomical traits; forest carbon dynamics.

			

			RESUMEN

			Análisis funcional de rasgos xilemáticos, suelos y biomasa aérea en bosques de tierra firme e igapó

			Introducción: Los rasgos xilemáticos son propiedades intrínsecas de las variables usadas en los modelos de biomasa aérea (BA), así como densidad de la madera y altura máxima, cuyo comportamiento puede variar ante la disponibilidad de nutrientes en el suelo. En las últimas décadas, el conocimiento de la diversidad funcional se ha convertido en una herramienta valiosa en los estudios de biomasa y productividad. 

			Objetivo: Analizar la función de acumulación de biomasa aérea en bosques húmedos tropicales de galería de la Orinoquia colombiana, a partir de rasgos xilemáticos y variables edáficas. 

			Métodos: Se evaluaron variables asociadas a la respuesta funcional y edáfica de la vegetación arbórea de parcelas permanentes de monitoreo, tres de tierra firme y dos de plano inundable (igapó). Para esto, se incorporaron las mediciones de rasgos xilemáticos de especies dominantes, se calcularon índices de diversidad funcional, y se identificaron patrones de agrupación y estrategias funcionales. 

			Resultados: Se encontró que, a mayor riqueza funcional, mayor tasa de almacenamiento en ambos tipos de bosque. Del mismo modo, la diversidad (entropía cuadrática) y la dispersión, a pesar de no ser significativas, manifestaron la misma tendencia que la riqueza funcional. La equidad y la divergencia mostraron comportamientos contrastantes en los dos bosques. Los tipos funcionales adquisitivos concentraron la mayor proporción de biomasa en los dos bosques. Por otra parte, los rasgos de fibras se asociaron a las existencias y tasas de almacenamiento de BA, mientras que los parenquimáticos no. Se detectó que el fósforo es el nutriente explicativo de la BA. 

			Conclusión: Nuestros resultados demuestran que funcionalmente los bosques inundables y de tierra firme presentan comportamientos similares.

			Palabras clave: ecología de comunidades arbóreas; rasgos xilemáticos; dinámica del carbono en bosques.
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			INTRODUCTION

			Estimation models for aboveground biomass use stem variables, such as diameter at breast height (DBH), total height, and wood specific gravity or wood density (Chave et al., 2014). Despite this, leaf traits are the main ones in most functional ecology studies related to aboveground biomass due to their importance in carbon fixation in photosynthesis and for generating global spectra (Wright et al., 2004). Nevertheless, Conti & Díaz (2013) found that leaf traits do not significantly relate to carbon storage. Additionally, leaf traits’ overlap and plasticity make functional grouping delimitation harder. On the other hand, wood traits are measurable morphological characteristics associated with eco-physiological processes and wood functions (Beeckman, 2016). Among these traits, wood density is a complex trait that gathers several anatomical properties, which are known as wood’s hard traits, mainly associated with fibers and parenchyma (Fortunel et al., 2014). Likewise, the maximum height is associated with vessels morphology (Preston et al., 2006), especially area and density per unit area. Wood density has different trends depending on the availability of soil nutrients, showing inversely proportional relationships with fertility (Goldstein et al., 2013). Also, flooding conditions can modify wood density (Mori et al., 2024). For example, in tropical moist Amazonian forests, trees in igapó’s soils have significantly higher wood density than in terra firme, despite being found in areas nearby (Phillips et al., 2019). For this reason, recognizing the mechanisms of community assemblages based on hard traits and soil variables is essential to interpreting the response of plant communities to contrasting ecological conditions (Keddy, 1992), where functional diversity can explain shifts in aboveground biomass (Finegan et al., 2015). Likewise, plant functional types (PFT) are useful for understanding the effect of species clustering on productivity (Díaz & Cabido, 1997). The functional balance of species in a community is achieved as different groups integrate specific traits for coexistence, with PFTs then exhibiting conservative (persistence), acquisitive (fast growth), and intermediate strategies (Lohbeck et al., 2015). These tools are an indispensable resource for evaluating restoration processes and forest resilience, and recently wood traits have been included in such analyses (Rosell et al., 2022).

			There are several studies on the functional ecology of natural Colombian forests in tropical dry and Andean forests. Nevertheless, research in tropical moist forests has been focused on the Chocoan and the Amazon forests. The Orinoquia region is generally characterized by a need for more research and a complex dynamic of anthropic pressure (Parrado-Roselli et al., 2016). Therefore, the area requires continuity in analyses to produce management guidelines. In this context, our research analyses the function of aboveground biomass accumulation in the tree vegetation of tropical moist forests of terra firme and igapó in the Colombian Orinoquia using wood traits (diversity and functional types) and soil variables. Then, we aimed: 1) to interpret the relationship patterns between functional diversity and stocks and rates of increase in AGB, 2) to recognize wood traits and soil nutrients that explain biomass stocks, and 3) to evaluate plant functional types as predictors of AGB. We hypothesize that there will be a directly proportional and significant relationship between the functional diversity indices and the stocks and rates of increase of aboveground biomass, as indicated by the diversity hypothesis (Tilman et al., 1997). We also expect that the fiber and parenchyma traits, due to their support and storage functions, positively impact biomass (Chave et al., 2009). Also, soil nutrients will condition productivity, even in poor soils and flooding gradients (Mudrák et al., 2015). Finally, if tree species tend to generate acquisitive strategies in moist life zones (Chain-Guadarrama et al., 2017), we propose that acquisitive functional types are going to concentrate the largest proportion of the biomass.

			MATERIAL AND METHODS

			Study area: We processed the databases from the permanent monitoring plots established and monitored by Correa-Gomez and Stevenson (2010), Casas et al. (2017) and González-Abella et al. (2021) in the Tomo Grande Reserve (Santa Rosalía, Vichada, Colombian Orinoquia) (Fig. 1), where oxisols are common (Estrada-Villegas et al., 2022). Five permanent plots of 1 hectare (trees with DBH ≥ 10 cm) were measured according to the RAINFOR methodology. The collected variables were: 1) taxonomic identity, 2) diameter at breast height (DBH), 3) total height (H), and 4) wood density (WD). There are two forest types: terra firme and igapó. Terra firme forests are characterized by kaolinitic clays with lower ionic activity. Igapó forests are floodplain areas with seasonal flooding by rivers influenced by the presence of leaf litter. The area is a tropical moist forest according to Holdridge’s life zone classification (1967). Three plots on terra firme and two on igapó were located. There are two measurements over the time for the plots: the first one was in 2009, for terra firme, and in 2010, for igapó, and the second ones were in 2014, for both forests.

			Data collection and analysis: We adjusted the plots databases, prioritizing the main stem (Chi et al., 2015) when there were numerous ramets, and excluding the dead trees (Wyckoff & Clark, 2002). Likewise, we replaced the data of the second measurement (DBH and Height), where the value was lower than the first measurement, with the lower value between the measurements (> 0) to nullify the difference (Kohyama et al., 2003). We used the same process with a delta in the DBH higher than 75 mm per year (Condit et al., 1993) and with heights that did not follow the rising trend concerning diameter (Fang & Bailey, 1998) to avoid the negative or very great rates and to reduce the effect of wrong measurements. The previous adjustments are recommended in other studies, although they could be interpreted as a bias in data management. For example, the abrupt reductions or expansions in the diameter are due to loss (Martínez-Pastur et al., 2007) or absorption in the water content (Volland-Voigt et al., 2011). Nevertheless, dendrochronological studies in tropical trees have found rates close to 0 but not negative (Inga & del Valle, 2017). Additionally, diametric reductions are related to dry seasons that cause dead of the tree (Scholz et al., 2014) and truncating the growth rates to 75 mm is prudent, considering that the highest mean increment per year in the Amazon Forest reaches 6 cm (Esquivel-Muelbert et al., 2020). Then, we calculated aboveground biomass using the I.3-Tm model of Alvarez et al. (2012) in trees (Equation 1) and the general model of Goodman et al. (2013) in palms (Equation 2). Finally, we identified the species that gathered 70 % of the aboveground biomass in each plot (Slik et al., 2013), recognizing the importance of dominance in ecosystem functioning (Lohbeck et al., 2016). Although recent research indicates that dominant species gather 50 % of individuals (Milton & Ostling, 2025), the prioritized variable in our study was the AGB. The percentage of species contributing to this proportion of the aboveground biomass was similar across both forests: 15.1 ± 2.1 % in terra firme and 17.1 ± 5.8 % in igapó.

			AGB = e(-2.261 + 0.937(ln(D^2*H*ρ)))      Equation 1

			AGB = e(-3.3488+2.7483(ln(D)))    Equation 2

			AGB aboveground biomass (kg); D diameter at breast height (cm); H total height (m); ρ wood density (g cm-3).

			We collected wood cores from the selected species, 23 in terra firme (65 individuals) and nine in igapó (30 trees) (Díaz-C. et al., 2025), following Chave’s method (2006) and recorded the wood specific gravity (Williamson & Wiemann, 2010). Wood traits were measured according to the parameters of Alfonso et al. (1989) and Scholz et al. (2013). We delineated PFTs through the Ward method and Euclidean metric; they were also related to the type of functional strategy representative for each species group (acquisitive, intermediate, and conservative and palms). The PFTs were associated with the values of AGB stocks and storage rates. We employed an analysis of variance and the Tukey test to evaluate the effect of plant functional types in aboveground biomass stocks and storage rates; normality and variance homogeneity were checked before ANOVA with Shapiro’s and Levene’s tests (α > 0.05) respectively. Also, we calculated the following functional diversity indices to interpret their patterns concerning AGB: 1) community weight mean (CWM) (mono-trait index); 2) functional richness (FRic), 3) functional evenness (FEve), 4) functional divergence (FDiv), 5) functional dispersion (FDis) and 6) Rao’s quadratic entropy (multi-trait indices). Linear regression analyses between multi-trait indices and aboveground biomass were included to identify proportional trends.

			The soil database used in this study were obtained by the Universidad de Los Andes (González-Abella et al., 2021) and correspond to 25 samples per plot (125 for the five sampling units), collected at a depth of 20 cm in the center of quadrats of 20 x 20 m. Physicochemical analyses were performed on each sample (% textures, pH, base content, organic carbon, nitrogen, phosphorus, aluminum, and cation exchange capacity) in the soil and water laboratory of the Faculty of Agronomy of the Universidad Nacional de Colombia. We carried out a canonical correspondence analysis to prioritize soil variables and accepted a model that included variables with a variance inflation factor of less than four (Mudrák et al., 2015). We evaluated significant differences between forests for soil variables using a t-test.

			For wood traits, we prioritized fiber and ray traits and vessel diameters. The decision was based on the variables that were explanatory traits of the clustering factors of the PFTs for both forest types (Díaz-C. et al., 2025). We included structural equation models by forest type and plotted in path models relating soil variables and traits with AGB stocks. Also, we made generalized linear models -GLM- (gaussian response) among traits, soils, stocks, and storage rates for terra firme and igapó. The values of the traits for both models were transformed into natural logarithms. The Kolmogorov-Smirnov test was performed to evaluate the normality of the residuals in the GLMs (α > 0.05) and not significant deviances were found (Hartig, 2024). We used R to process data (Venables et al., 2024). Specifically, we employed the libraries FD, vegan, agricolae, stats, lavaan, car, semPlot, and DHARMa.

			RESULTS

			In terra firme and igapó, the higher the functional richness, the higher the aboveground biomass stocks (R2 > 0.8) and storage rates (α < 0.05). Similarly, Rao’s quadratic entropy and functional dispersion (R2 > 0.4) showed an increase trend proportional to the storage rate and stocks. In contrast, divergence and functional evenness indices were directly proportional to the stocks and biomass increase in the igapó but inversely proportional in terra firme (α < 0.1) (Fig. 2). The canonical correspondence analysis between soil variables and aboveground biomass had the highest explained proportion in the first components (Table 1); 59.3 % of the variance was explained by CCA1 and 37.6 % by CA1. The prioritized variables had a canonical coefficient of an absolute value between 0.1 and 0.5 in the components number 1, where pH showed the lowest coefficients and was excluded. Calcium, nitrogen, potassium, and phosphorus were prioritized in both forests. On terra firme, only soil nutrients were significant on AGB (α < 0.1) (Fig. 3). On the other hand, the fiber length (α < 0.05), phosphorus (α < 0.01), and potassium (α < 0.1) in both forests explained the stocks and storage rates (Table 2). The parenchyma traits of terra firme forests had the highest values in the coefficients of variation (Table 3). There were significant differences in several soil variables for both forests, except for calcium, magnesium, sodium, and organic carbon (Table 4). The nitrogen-to-phosphorus ratio and the sand proportion were higher in terra firme than in igapó (α < 0.01). Finally, the intermediate acquisitive plant functional type had a higher average aboveground biomass stock and storage rates than the conservative ones (Fig. 4). There are significant differences only in igapó (α < 0.05). On terra firme, palm PFT’s (Attalea maripa (Aubl.) Mart., Oenocarpus spp.) storage rate did not shift, and it has a similar trend to the acquisitive PFT stocks despite not being statistically significant.

			DISCUSSION

			Aboveground biomass and functional diversity: We found that the higher the stocks and aboveground biomass storage rates, the higher the functional diversity indices (richness, quadratic entropy, and dispersion). These results are similar to studies of neotropical forests that have used specific leaf area and leaf nitrogen to calculate monotrait indices (Finegan et al., 2015). Although, our models using multitrait indices showed significant relationships with forest productivity and lower statistical uncertainty when compared to coefficients obtained by leaf traits (Mensah et al., 2016). This could be because wood traits are associated with the stem, and their multi-trait diversity indices have a higher effect on volumetric stocks in tropical forests (Bongers et al., 2021). However, this hypothesis was partially confirmed, as we found that the higher the stocks and storage of AGB, the lower the functional evenness and divergence in terra firme forests, where floristic richness is higher (Aldana et al., 2017). This trend indicates a low temporal stability in productivity (Guo et al., 2021) and suggests that terra firme forests are still in a secondary successional state where they may show variations between productivity and functional diversity, as Lohbeck et al. (2012) found in tropical moist forests of Central America. Likewise, we observed that terra firme forests interact with the savannah, and their composition is characterized by acquisitive PFTs and palms (Jacaranda copaia (Aubl.) D. Don, Pourouma minor Benoist, A. maripa, and Oenocarpus spp.), which are common species of secondary forests.

			

			Aboveground biomass, soil variables, and wood traits: Phosphorus was related to aboveground biomass and productivity. Soil phosphorus acts as a biomass driver, according to the pattern identified by Condit et al. (2013) in tropical moist forests, where they emphasized that the limitation of this macronutrient reduces the stocks and storage rates of AGB. This is attributed to the role of phosphorus in essential molecules involved in photosynthetic processes (ADP, ATP, GTP, NADPH) and in the phosphodiester bridges that link nucleotides during cell division (White & Hammond, 2008). Additionally, acquisitive PFTs were related to soil nutrients and higher values of AGB, with significant differences observed in igapó. Recent studies indicate that trees in soils with high phosphorus and potassium contents (Angélico et al., 2021) possess solitary vessels and with larger diameters, which are traits focused on hydraulic efficiency. Similarly, research on Eucalyptus demonstrates that the higher the phosphorus availability, the higher the aboveground biomass and the lower the wood density (Thomas et al., 2006). This aligns with our findings in acquisitive PFTs, which show lower wood density and a functional strategy aimed at hydraulic efficiency (Hietz et al., 2017). Nevertheless, it contradicts the assertion that igapó forests have higher AGB stock than terra firme forests because igapó species are characterized by high wood density (González-Abella et al., 2021). In addition, magnesium showed no influence in our models for igapó, despite being a variable highlighted by Castaño et al. (2024) in lowland forest soils.

			

			On the other hand, we found no significant differences in functional types and AGB within the terra firme forests. Some studies suggest that lower rates of carbon sequestration are linked to a high nitrogen-to-phosphorus (N : P) ratio in the soil (Buzzard et al., 2019). This observation aligns with our findings, which showed a higher N : P ratio in terra firme than in igapó. While our results for the ratio are higher than other records for terra firme forests in the Brazilian Amazon (Lange et al., 2024), they are consistent with soil values reported for secondary forests in Colombia (Velasquez et al., 2005) that may exhibit a similar ratio. Furthermore, the high values and variance of parenchyma traits on terra firme, where palms are an independent functional type (Díaz-C. et al., 2025), are associated with a height-focused strategy, attributed to a predominant parenchyma investment (Lourenço, Bittencourt et al., 2022). This may explain why ray height emerged as a significant trait in the model developed for terra firme. Conversely, vessel and fiber traits were significant in igapó, reflecting their roles in the hydraulic and support functions required by species adapted to flooding (Lourenço, Enquist et al., 2022).

			Aboveground biomass and plant functional types: The intermediate acquisitive functional types concentrated the highest proportion of AGB in igapó. Terra firme had the same trend, but there were no significant differences. We confirmed our hypothesis that species with higher growth rates contribute to stocks and storage rates. This pattern has been identified in floodplain forests with soil nutrient limitations, where lower wood density and higher values of traits associated with hydraulic conductivity are prevalent (Lovelock et al., 2006). Likewise, research in tropical wet forests shows that the functional types composed of fast-growing species had the highest proportion of basal area (Chazdon et al., 2010), which can be considered a common trend in rainforests. Conversely, our results differ from trends observed in tropical dry forests (Prado-Junior et al., 2016), where conservative PFTs, clustered based on leaf traits, were better predictors of biomass productivity. However, the intermediate acquisitive functional strategy makes species vulnerable to cavitation and compromises long-term survival during drought (González-M. et al., 2020), what should be considered in next studies. Finally, the relationship between fiber traits and stocks and storage rates, particularly fiber length, highlights the essential role of the species with an intermediate acquisitive strategy in the ecosystem function of the analysed forests. Nevertheless, while wood density is one of the main proposed indicators of functional recovery (Poorter et al., 2021), this characteristic variable of conservative PFTs does not necessarily imply higher stocks and productivity in terra firme and igapó forests. For this reason, we recommend that future research consider other wood traits, such as fiber traits.

			Ethical statement: The authors declare that they all agree with this publication and made significant contributions; that there is no conflict of interest of any kind; and that we followed all pertinent ethical and legal procedures and requirements. All financial sources are fully and clearly stated in the acknowledgments section. A signed document has been filed in the journal archives.

			ACKNOWLEDGMENTS

			We thank the professors of the master’s program in forest management of the Universidad Distrital for their observations that helped improve this study. The research was supported by the “Alejandro Ángel Escobar” foundation through the “Colombia Biodiversa” fellowship (2020-II call). We express our gratitude to the editorial board and peer-reviewers for their support in the evaluation process.

			

			REFERENCES

			Aldana, A. M., Villanueva, B., Cano, Á., Correa, D. F., Umaña, M. N., Casas, L. F., Cárdenas, S., Henao-Diaz, L. F., & Stevenson, P. R. (2017). Drivers of biomass stocks in Northwestern South American forests: Contributing new information on the Neotropics. Forest Ecology and Management, 389, 86–95. https://doi.org/10.1016/j.foreco.2016.12.023

			Alfonso, V. A., Baas, P., Carlquist, S., Chimelo, J. P., Rauber-Coradin, V. T., Détienne, P., Gasson, P. E., Grosser, D., Illic, J., Kuroda, K., Miller, R. B., Ogata, K., Richter, H. G., ter Welle, B. J., & Wheeler, E. A. (1989). IAWA list of microscopic features for hardwood identification with an Appendix on non-anatomical information. IAWA Journal, 10(3), 219-332. https://doi.org/10.1163/22941932-90000496

			Alvarez, E., Duque, A., Saldarriaga, J., Cabrera, K., De Las Salas, G., Del Valle, I., Lema, A., Moreno, F., Orrego, S., & Rodríguez, L. (2012). Tree above-ground biomass allometries for carbon stocks estimation in the natural forests of Colombia. Forest Ecology and Management, 267, 297–308. https://doi.org/10.1016/j.foreco.2011.12.013

			Angélico, T. D. S., Marcati, C. R., Rossi, S., Da Silva, M. R., & Sonsin-Oliveira, J. (2021). Soil effects on stem growth and wood anatomy of Tamboril are mediated by tree age. Forests, 12(8), 1058. https://doi.org/10.3390/f12081058

			Beeckman, H. (2016). Wood anatomy and trait-based ecology. IAWA Journal, 37(2), 127–151. https://doi.org/10.1163/22941932-20160127

			Bongers, F. J., Schmid, B., Bruelheide, H., Bongers, F., Li, S., Von Oheimb, G., Li, Y., Cheng, A., Ma, K., & Liu, X. (2021). Functional diversity effects on productivity increase with age in a forest biodiversity experiment. Nature Ecology & Evolution, 5(12), 1594–1603. https://doi.org/10.1038/s41559-021-01564-3

			Buzzard, V., Michaletz, S. T., Deng, Y., He, Z., Ning, D., Shen, L., Tu, Q., Van Nostrand, J. D., Voordeckers, J. W., Wang, J., Weiser, M. D., Kaspari, M., Waide, R. B., Zhou, J., & Enquist, B. J. (2019). Continental scale structuring of forest and soil diversity via functional traits. Nature Ecology & Evolution, 3(9), 1298–1308. https://doi.org/10.1038/s41559-019-0954-7

			Casas, L. F., Aldana, A. M., Henao-Diaz, F., Villanueva, B., & Stevenson, P. R. (2017). Specific gravity of woody tissue from lowland Neotropical plants: Differences among forest types. Ecology, 98(5), 1474. https://doi.org/10.1002/ecy.1786

			Castaño, N., Peña, M. A., González-Caro, S., Aldana, A. M., Casas, L. F., Correa-Gómez, D. F., González-Abella, J. S., Pelaez, N., Stevenson, P., Sua, S., Zuleta, D., & Duque, Á. (2024). Contrasting drivers of aboveground woody biomass and aboveground woody productivity in lowland forests of Colombia. Ecography, 2024(4), e06693. https://doi.org/10.1111/ecog.06693

			Chain-Guadarrama, A., Imbach, P., Vilchez-Mendoza, S., Vierling, L. A., & Finegan, B. (2017). Potential trajectories of old-growth neotropical forest functional composition under climate change. Ecography, 41(1), 75–89. https://doi.org/10.1111/ecog.02637

			Chave, J. (2006). Measuring wood density for tropical forest trees: A field manual [Technical Report]. PAN-AMAZONIA Project. Francia, Toulouse.

			Chave, J., Coomes, D., Jansen, S., Lewis, S. L., Swenson, N. G., & Zanne, A. E. (2009). Towards a worldwide wood economics spectrum. Ecology Letters, 12(4), 351–366. https://doi.org/10.1111/j.1461-0248.2009.01285.x

			Chave, J., Réjou-Méchain, M., Búrquez, A., Chidumayo, E., Colgan, M. S., Delitti, W. B. C., Duque, A., Eid, T., Fearnside, P. M., Goodman, R. C., Henry, M., Martínez-Yrízar, A., Mugasha, W. A., Muller-Landau, H. C., Mencuccini, M., Nelson, B. W., Ngomanda, A., Nogueira, E. M., Ortiz-Malavassi, E., … Vieilledent, G. (2014). Improved allometric models to estimate the aboveground biomass of tropical trees. Global Change Biology, 20(10), 3177–3190. https://doi.org/10.1111/gcb.12629

			Chazdon, R. L., Finegan, B., Capers, R. S., Salgado-Negret, B., Casanoves, F., Boukili, V., & Norden, N. (2010). Composition and dynamics of functional groups of trees during tropical forest succession in Northeastern Costa Rica. Biotropica, 42(1), 31–40. https://doi.org/10.1111/j.1744-7429.2009.00566.x

			Chi, X., Tang, Z., Xie, Z., Guo, Q., Zhang, M., Ge, J., Xiong, G., & Fang, J. (2015). Effects of size, neighbors, and site condition on tree growth in a subtropical evergreen and deciduous broad-leaved mixed forest, China. Ecology and Evolution, 5(22), 5149–5161. https://doi.org/10.1002/ece3.1665

			Condit, R., Engelbrecht, B. M. J., Pino, D., Pérez, R., & Turner, B. L. (2013). Species distributions in response to individual soil nutrients and seasonal drought across a community of tropical trees. Proceedings of the National Academy of Sciences, 110(13), 5064–5068. https://doi.org/10.1073/pnas.1218042110

			Condit, R., Hubbell, S. P., & Foster, R. B. (1993). Mortality and growth of a commercial hardwood ‘El Cativo’, Prioria copaifera, in Panama. Forest Ecology and Management, 62(1-4), 107–122. https://doi.org/10.1016/0378-1127(93)90045-O

			Conti, G., & Díaz, S. (2013). Plant functional diversity and carbon storage-an empirical test in semi-arid forest ecosystems. Journal of Ecology, 101(1), 18–28. https://doi.org/10.1111/1365-2745.12012

			Correa-Gomez, D. F., & Stevenson, P. R. (2010). Estructura y diversidad de bosques de galería en una sabana estacional de los llanos orientales colombianos (Reserva Tomo Grande, Vichada). Orinoquia, 14(1), 31–48.

			Díaz, S., & Cabido, M. (1997). Plant functional types and ecosystem function in relation to global change. Journal of Vegetation Science, 8(4), 463–474. https://doi.org/10.2307/3237198

			Díaz-C., S. E., Pulido-Rodríguez, E. N., Carreño-Díaz, M. Y., Aldana, A. M., & López-Camacho, R. (2025). Functional patterns of wood traits in Terra firme and Igapó (tropical moist forests), Colombian Orinoquia. Dendrobiology, 94, 115–125.

			Esquivel-Muelbert, A., Phillips, O. L., Brienen, R. J. W., Fauset, S., Sullivan, M. J. P., Baker, T. R., Chao, K.-J., Feldpausch, T. R., Gloor, E., Higuchi, N., Houwing-Duistermaat, J., Lloyd, J., Liu, H., Malhi, Y., Marimon, B., Marimon Junior, B. H., Monteagudo-Mendoza, A., Poorter, L., Silveira, M., … Galbraith, D. (2020). Tree mode of death and mortality risk factors across Amazon forests. Nature Communications, 11(5515), 1–11. https://doi.org/10.1038/s41467-020-18996-3

			Estrada-Villegas, S., Rivas, L. D., Barrera, J. F., Barrera-Rivas, S., Correa, D. F., Argüello-Bernal, L. S., Aldana, A. M., Casas, L. F., Lozano-Balcázar, A., Gómez-Bahamón, V., Gómez, C., Bayly, N., Jahn, A. E., Quiñones, A., Corbett, E. C., Castro, F., & Stevenson, P. (2022). Plant, bird, and mammal diversity of the Tomo grande field station, Vichada, Colombia. Biota Colombiana, 23(2), e1027. https://doi.org/10.21068/2539200X.1027

			Fang, Z., & Bailey, R. L. (1998). Height-diameter models for tropical forests on Hainan Island in southern China. Forest Ecology and Management, 110(1-3), 315–327. https://doi.org/10.1016/S0378-1127(98)00297-7

			Finegan, B., Peña-Claros, M., de Oliveira, A., Ascarrunz, N., Bret-Harte, M., Carreño-Rocabado, G., Casanoves, F., Díaz, S., Eguigurren-Velepucha, P., Fernández, F., Licona, J., Lorenzo, L., Salgado-Negret, B., Vaz, M., & Poorter, L. (2015). Does functional trait diversity predict above-ground biomass and productivity of tropical forests? Testing three alternative hypotheses. Journal of Ecology, 103(1), 191–201. https://doi.org/10.1111/1365-2745.12346

			Fortunel, C., Ruelle, J., Beauchêne, J., Fine, P. V. A., & Baraloto, C. (2014). Wood specific gravity and anatomy of branches and roots in 113 Amazonian rainforest tree species across environmental gradients. New Phytologist, 202(1), 79–94. https://doi.org/10.1111/nph.12632

			Goldstein, G., Bucci, S. J., & Scholz, F. G. (2013). Why do trees adjust water relations and hydraulic architecture in response to nutrient availability? Tree Physiology, 33(3), 238–240. https://doi.org/10.1093/treephys/tpt007

			González-Abella, J. S., Aldana, A. M., Correa, D. F., Casas, L. F., & Stevenson, P. R. (2021). Forest structure, diversity and dynamics in terra firme and igapó gallery forests in the Colombian Orinoco Basin. Forests, 12(11), 1568. https://doi.org/10.3390/f12111568

			González-M., R., Posada, J. M., Carmona, C. P., Garzón, F., Salinas, V., Idárraga-Piedrahita, Á., Pizano, C., Avella, A., López-Camacho, R., Norden, N., Nieto, J., Medina, S. P., Rodríguez-M., G. M., Franke-Ante, R., Torres, A. M., Jurado, R., Cuadros, H., Castaño-Naranjo, A., García, H., & Salgado-Negret, B. (2020). Diverging functional strategies but high sensitivity to an extreme drought in tropical dry forests. Ecology Letters, 24(3), 451–463. https://doi.org/10.1111/ele.13659

			Goodman, R. C., Phillips, O. L., Del Castillo Torres, D., Freitas, L., Cortese, S. T., Monteagudo, A., & Baker, T. R. (2013). Amazon palm biomass and allometry. Forest Ecology and Management, 310, 994–1004. https://doi.org/10.1016/j.foreco.2013.09.045

			Guo, Z., Wang, X., & Fan, D. (2021). Ecosystem functioning and stability are mainly driven by stand structural attributes and biodiversity, respectively, in a tropical forest in Southwestern China. Forest Ecology and Management, 481, 118696. https://doi.org/10.1016/j.foreco.2020.118696

			Hartig, F. (2024). DHARMa: Residual diagnostics for hierarchichal (multi-level/mixed) regression models. R package (Version 0.4.7) [Software]. CRAN.

			Hietz, P., Rosner, S., Hietz-Seifert, U., & Wright, S. J. (2017). Wood traits related to size and life history of trees in a Panamanian rainforest. New Phytologist, 213(1), 170–180. https://doi.org/10.1111/nph.14123

			Inga, J. G., & del Valle, J. I. (2017). Log-relative growth: A new dendrochronological approach to study diameter growth in Cedrela odorata and Juglans neotropica, Central Forest, Peru. Dendrochronologia, 44, 117–129. https://doi.org/10.1016/j.dendro.2017.03.009

			Keddy, P. A. (1992). Assembly and response rules: Two goals for predictive community ecology. Journal of Vegetation Science, 3(2), 157–164. https://doi.org/10.2307/3235676

			Kohyama, T., Suzuki, E., Partomihardjo, T., Yamada, T., & Kubo, T. (2003). Tree species differentiation in growth, recruitment and allometry in relation to maximum height in a Bornean mixed dipterocarp forest. Journal of Ecology, 91(5), 797–806. https://doi.org/10.1046/j.1365-2745.2003.00810.x

			Lange, D. F., Schröter, S. A., Da Luz, F. M., Pires, E., Santos, Y. R., Da Silva, J. S., Hildmann, S., Hoffmann, T., Ferreira, S. J. F., Schäfer, T., Quesada, C. A., Simon, C., & Gleixner, G. (2024). Cycling of dissolved organic nutrients and indications for nutrient limitations in contrasting Amazon rainforest ecosystems. Biogeochemistry, 167, 1567–1588. https://doi.org/10.1007/s10533-024-01187-3 

			

			Lohbeck, M., Bongers, F. Martínez-Ramos, M., & Poorter, L. (2016). The importance of biodiversity and dominance for multiple ecosystem functions in a human-modified tropical landscape. Ecology, 97(10), 2772–2779. https://doi.org/10.1002/ecy.1499

			Lohbeck, M., Lebrija-Trejos, E., Martínez-Ramos, M., Meave, J. A., Poorter, L., & Bongers, F. (2015). Functional trait strategies of trees in dry and wet tropical forests are similar but differ in their consequences for succession. PLoS ONE, 10(4), e0123741. https://doi.org/10.1371/journal.pone.0123741

			Lohbeck, M., Poorter, L., Paz, H., Pla, L., Van Breugel, M., Martínez-Ramos, M., & Bongers, F. (2012). Functional diversity changes during tropical forest succession. Perspectives in Plant Ecology, Evolution and Systematics, 14(2), 89–96. https://doi.org/10.1016/j.ppees.2011.10.002

			Lourenço, J., Bittencourt, P. R. D. L., Enquist, B. J., Milanez, C. R. D., Arx, G. V., Morino, K., Thomaz, L. D., & Rowland, L. (2022). Fiber-parenchyma trade-off underlies changes in tropical forest structure and xylem architecture across a soil water gradient [Preprint]. Ecology. https://doi.org/10.1101/2022.01.13.476164

			Lourenço, J., Enquist, B. J., Von Arx, G., Sonsin-Oliveira, J., Morino, K., Thomaz, L. D., & Milanez, C. R. D. (2022). Hydraulic tradeoffs underlie local variation in tropical forest functional diversity and sensitivity to drought. New Phytologist, 234(1), 50–63. https://doi.org/10.1111/nph.17944

			Lovelock, C. E., Ball, M. C., Choat, B., Engelbrecht, B. M. J., Holbrook, N. M., & Feller, I. C. (2006). Linking physiological processes with mangrove forest structure: Phosphorus deficiency limits canopy development, hydraulic conductivity and photosynthetic carbon gain in dwarf Rhizophora mangle. Plant, Cell & Environment, 29(5), 793–802. https://doi.org/10.1111/j.1365-3040.2005.01446.x

			Martínez-Pastur, G. M., Lencinas, M. V., Cellini, J. M., & Mundo, I. (2007). Diameter growth: Can live trees decrease? Forestry, 80(1), 83–88. https://doi.org/10.1093/forestry/cpl047

			Mensah, S., Veldtman, R., Assogbadjo, A. E., Glèlè-Kakaï, R., & Seifert, T. (2016). Tree species diversity promotes aboveground carbon storage through functional diversity and functional dominance. Ecology and Evolution, 6(20), 7546–7557. https://doi.org/10.1002/ece3.2525

			Milton, T. F., & Ostling, A. (2025). Amazonian hyperdominance exceeds expectations of neutral theory. Journal of Ecology, 113(11), 3452–3465. https://doi.org/10.1111/1365-2745.70174 

			Mori, G. B., Schöngart, J., Schietti, J., Householder, J. E., Robin, M., Wittmann, F., Poorter, L., & Piedade, M. T. F. (2024). Ecosystem type affects how Amazonian tree species invest in stem and twig wood. Functional Ecology, 38(7), 1486–1496. https://doi.org/10.1111/1365-2435.14572

			Mudrák, O., Janeček, Š., Götzenberger, L., Mason, N. W. H., Horník, J., de Castro, I., Doležal, J., Klimešová, J., & de Bello, F. (2015). Fine-scale coexistence patterns along a productivity gradient in wet meadows: shifts from trait convergence to divergence. Ecography, 39, 338–348. https://doi.org/10.1111/ecog.01723

			Parrado-Rosselli, A., González, R., & García, H. (2016). Estado actual de la investigación científica publicada sobre los bosques de Colombia. Biodiversidad en la Práctica: Documentos de Trabajo del Instituto Humboldt, 1, 177–197.

			Phillips, O. L., Sullivan, M. J. P., Baker, T. R., Monteagudo Mendoza, A., Vargas, P. N., & Vásquez, R. (2019). Species matter: wood density influences tropical forest biomass at multiple scales. Surveys in Geophysics, 40(4), 913–935. https://doi.org/10.1007/s10712-019-09540-0

			Poorter, L., Craven, D., Jakovac, C. C., van der Sande, M. T., Amissah, L., Bongers, F., Chazdon, R. L., Farrior, C. E., Kambach, S., Meave, J. A., Muñoz, R., Norden, N., Rüger, N., van Breugel, M., Almeyda-Zambrano, A. M., Amani, B., Andrade, J. L., Brancalion, P. H. S., Broadbent, E. N., … Hérault, B. (2021). Multidimensional tropical forest recovery. Science, 374(6573), 1370–1376. https://doi.org/10.1126/science.abh3629

			Prado-Junior, J. A., Schiavini, I., Vale, V. S., Arantes, C. S., van der Sande, M. T., Lohbceck, M., & Poorter, L. (2016). Conservative species drive biomass productivity in tropical dry forests. Journal of Ecology, 104(3), 817–827. https://doi.org/10.1111/1365-2745.12543

			Preston, K. A., Cornwell, W. K., & DeNoyer, J. L. (2006). Wood density and vessel traits as distinct correlates of ecological strategy in 51 California coast range angiosperms. New Phytologist, 170(4), 807–818. https://doi.org/10.1111/j.1469-8137.2006.01712.x

			Rosell, J. A., Olson, M. E., Martínez-Garza, C., & Martínez-Méndez, N. (2022). Functional diversity in woody organs of tropical dry forests and implications for restoration. Sustainability, 14(14), 8362. https://doi.org/10.3390/su14148362

			Scholz, A., Klepsch, M., Karimi, Z., & Jansen, S. (2013). How to quantify conduits in wood? Frontiers in Plant Science, 4, 56. https://doi.org/10.3389/fpls.2013.00056

			Scholz, F. G., Bucci, S. J., & Goldstein, G. (2014). Strong hydraulic segmentation and leaf senescence due to dehydration may trigger die-back in Nothofagus dombeyi under severe droughts: A comparison with the co-occurring Austrocedrus chilensis. Trees, 28(5), 1475–1487. https://doi.org/10.1007/s00468-014-1050-x

			Slik, J. W. F., Paoli, G., McGuire, K., Amaral, I., Barroso, J., Bastian, M., Blanc, L., Bongers, F., Boundja, P., Clark, C., Collins, M., Dauby, G., Ding, Y., Doucet, J., Eler, E., Ferreira, L., Forshed, O., Fredriksson, G., Gillet, J., & Zweifel, N. (2013). Large trees drive forest aboveground biomass variation in moist lowland forests across the tropics. Global Ecology and Biogeography, 22(12), 1261–1271. https://doi.org/10.1111/geb.12092

			Thomas, D. S., Montagu, K. D., & Conroy, J. P. (2006). Why does phosphorus limitation increase wood density in Eucalyptus grandis seedlings? Tree Physiology, 26(1), 35–42. https://doi.org/10.1093/treephys/26.1.35

			Tilman, D., Knops, J., Wedin, D., Reich, P., Ritchie, M., & Siemann, E. (1997). The influence of functional diversity and composition on ecosystem processes. Science, 277(5330), 1300–1302. https://doi.org/10.1126/science.277.5330.1300

			Velasquez, E., Lavelle, P., Barrios, E., Joffre, R., & Reversat, F. (2005). Evaluating soil quality in tropical agroecosystems of Colombia using NIRS. Soil Biology & Biochemistry, 37(5), 889–898. https://doi.org/10.1016/j.soilbio.2004.09.009

			Venables, W. N., Smith, D. M., & R Core Team. (2024). An introduction to R: A programming environment for data analysis and graphics. R Foundation for Statistical Computing. Vienna, Austria.

			Volland-Voigt, F., Bräuning, A., Ganzhi, O., Peters, T., & Maza, H. (2011). Radial stem variations of Tabebuia chrysantha (Bignoniaceae) in different tropical forest ecosystems of southern Ecuador. Trees, 25(1), 39–48. https://doi.org/10.1007/s00468-010-0461-6

			White, P. J., & Hammond, J. P. (2008). Phosphorus nutrition of terrestrial plants. In P. J. White, & J. P. Hammond (Eds.), The ecophysiology of plant-phosphorus interactions (Vol. 7, pp. 51–81). Springer Netherlands. https://doi.org/10.1007/978-1-4020-8435-5_4

			Williamson, G. B., & Wiemann, M. C. (2010). Measuring wood specific gravity…Correctly. American Journal of Botany, 97(3), 519–524. https://doi.org/10.3732/ajb.0900243

			Wright, I. J., Reich, P. B., Westoby, M., Ackerly, D. D., Baruch, Z., Bongers, F., Cavender-Bares, J., Chapin, T., Cornelissen, J. H. C., Diemer, M., Flexas, J., Garnier, E., Groom, P. K., Gulias, J., Hikosaka, K., Lamont, B. B., Lee, T., Lee, W., Lusk, C., … Villar, R. (2004). The worldwide leaf economics spectrum. Nature, 428(6985), 821–827. https://doi.org/10.1038/nature02403

			Wyckoff, P. H., & Clark, J. S. (2002). The relationship between growth and mortality for seven co-occurring tree species in the southern Appalachian Mountains. Journal of Ecology, 90, 604–615. https://doi.org/10.1046/j.1365-2745.2002.00691.x

		

		
			
				[image: A map of a forest with a red dot on it.

Description generated by AI]
			

		

		
			Fig. 1. Location of permanent monitoring plots. Acronyms: TF, terra firme; FP, igapó. Numbers are the sequencial reference of the plot.
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			Fig. 2. Functional diversity indices vs. stocks (AGB) and storage rates (Delta) of aboveground biomass in tropical moist forests of the Colombian Orinoquia. FRic: functional richness; RaoQ: Rao’s quadratic entropy; Fdis: functional dispersion; Feve: functional evenness; Fdiv: functional divergence; Mg: megagrams; ha: hectare; y: year. Points and lines represent values and trends for the sampling units: red=terra firme; blue = igapó; green = set of five plots. Significant trends: * α < 0.1; ** α < 0.05.

		

		
			Table 1

			Canonical correspondence analysis of soil variables in igapó and terra firme.

			
				
					
					
					
					
					
				
				
					
							
							Soil Variables

						
							
							Limited Components

						
							
							Unlimited Components

						
					

					
							
							CCA1

						
							
							CCA2

						
							
							CA1

						
							
							CA2

						
					

					
							
							pH

						
							
							-0.051

						
							
							0.038

						
							
							0.010

						
							
							0.011

						
					

					
							
							Organic Carbon (OC)

						
							
							0.099

						
							
							0.001

						
							
							-0.243

						
							
							-0.044

						
					

					
							
							Nitrogen (N)

						
							
							0.051

						
							
							0.041

						
							
							-0.327

						
							
							0.066

						
					

					
							
							Calcium (Ca)

						
							
							0.129

						
							
							-0.216

						
							
							0.091

						
							
							0.324

						
					

					
							
							Potassium (K)

						
							
							-0.129

						
							
							0.084

						
							
							-0.390

						
							
							0.012

						
					

					
							
							Magnesium (Mg)

						
							
							0.094

						
							
							-0.314

						
							
							-0.141

						
							
							-0.067

						
					

					
							
							Sodium (Na)

						
							
							0.101

						
							
							0.187

						
							
							0.224

						
							
							-0.228

						
					

					
							
							Aluminum (Al)

						
							
							-0.071

						
							
							0.059

						
							
							-0.176

						
							
							0.077

						
					

					
							
							Phosphorus (P)

						
							
							-0.516

						
							
							0.335

						
							
							-0.213

						
							
							0.059

						
					

					
							
							Cation Exchange Capacity (CEC)

						
							
							-0.035

						
							
							-0.069

						
							
							-0.240

						
							
							-0.025

						
					

					
							
							Clay Proportion (Cla)

						
							
							-0.050

						
							
							-0.012

						
							
							-0.244

						
							
							-0.016

						
					

					
							
							Silt Proportion (Sil)

						
							
							-0.399

						
							
							-0.035

						
							
							-0.088

						
							
							0.016

						
					

					
							
							Sand Proportion (San)

						
							
							0.474

						
							
							0.016

						
							
							0.411

						
							
							-0.004

						
					

					
							
							Explained Proportion

						
							
							0.593

						
							
							0.027

						
							
							0.376

						
							
							0.004

						
					

					
							
							Variance Inflation Factor

						
							
							3.567

						
					

				
			

			CCA: Limited Components; CA: Unlimited Components. Numbers correspond to the dimensions generated in the analysis.

		

		
			Table 2

			Generalized linear models for igapó and terra firme forests.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							AGB~traits

						
							
							Delta~traits

						
					

					
							
							Estimate

						
							
							Std. Error

						
							
							t-value

						
							
							p-value

						
							
							Estimate

						
							
							Std. Error

						
							
							t-value

						
							
							p-value

						
					

					
							
							(Intercept)

						
							
							38.567

						
							
							12.635

						
							
							3.052

						
							
							0.004***

						
							
							0.843

						
							
							0.313

						
							
							2.692

						
							
							0.011**

						
					

					
							
							FL

						
							
							-0.044

						
							
							0.019

						
							
							-2.327

						
							
							0.026**

						
							
							-0.001

						
							
							0.000

						
							
							-2.175

						
							
							0.036**

						
					

					
							
							RR

						
							
							2.113

						
							
							4.537

						
							
							0.466

						
							
							0.644

						
							
							0.014

						
							
							0.112

						
							
							0.121

						
							
							0.904

						
					

					
							
							RW

						
							
							-0.045

						
							
							0.098

						
							
							-0.458

						
							
							0.650

						
							
							0.001

						
							
							0.002

						
							
							0.414

						
							
							0.682

						
					

					
							
							VD

						
							
							0.041

						
							
							0.062

						
							
							0.663

						
							
							0.512

						
							
							0.001

						
							
							0.002

						
							
							0.689

						
							
							0.495

						
					

					
							
							
							Dispersion parameter = 126.168

						
							
							Dispersion parameter = 0.077

						
					

					
							
							
							Null Deviation = 5 262.9

						
							
							Null Deviation = 3.1

						
					

					
							
							
							AIC = 313.7

						
							
							AIC = 17.8

						
					

					
							
							
							AGB~soil

						
							
							Delta~soil

						
					

					
							
							
							Estimate

						
							
							Std. Error

						
							
							t-value

						
							
							p-value

						
							
							Estimate

						
							
							Std. Error

						
							
							t-value

						
							
							p-value

						
					

					
							
							(Intercept)

						
							
							7.082

						
							
							3.407

						
							
							2.079

						
							
							0.045**

						
							
							0.145

						
							
							0.085

						
							
							1.717

						
							
							0.095*

						
					

					
							
							P

						
							
							1.253

						
							
							0.371

						
							
							3.381

						
							
							0.002***

						
							
							0.033

						
							
							0.009

						
							
							3.582

						
							
							0.001***

						
					

					
							
							K

						
							
							80.167

						
							
							31.837

						
							
							2.518

						
							
							0.016**

						
							
							1.530

						
							
							0.791

						
							
							1.934

						
							
							0.061*

						
					

					
							
							N

						
							
							-51.243

						
							
							28.326

						
							
							-1.809

						
							
							0.079*

						
							
							-1.020

						
							
							0.704

						
							
							-1.450

						
							
							0.156

						
					

					
							
							Ca

						
							
							-2.438

						
							
							1.945

						
							
							-1.254

						
							
							0.218

						
							
							-0.059

						
							
							0.048

						
							
							-1.222

						
							
							0.230

						
					

					
							
							
							Dispersion parameter = 91.003

						
							
							Dispersion parameter = 0.056

						
					

					
							
							
							Null Deviation = 5 262.9

						
							
							Null Deviation = 3.1

						
					

					
							
							
							AIC = 300.6

						
							
							AIC = 5.0

						
					

				
			

			Significant values: * α < 0.1; ** α < 0.05; *** α < 0.01. AGB: aboveground biomass stocks; Delta: storage rate; P: phosphorus; K: potassium; Ca: calcium; N: nitrogen; RW: ray width; FL: fiber length; RR: runkel ratio; VD: vessel diameter; AIC: Akaike information criterion.
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			Fig. 3. Pathway models obtained from structural equations using wood traits and soil variables to explain AGB stocks. A. Igapó, B. Terra firme. Diagrams’ numbers correspond to beta correlation coefficients. Significant values: *, α < 0.1; **, α < 0.05; ***, α < 0.01. AGB: aboveground biomass stocks; P: phosphorus; K: potassium; Ca: calcium; N: nitrogen; Na: sodium; Mg: magnesium; OC: organic carbon; San: sand proportion; Sil: silt proportion; R_H: ray height; F_L: fiber length; F_T: fiber wall thickness; V_D: vessel diameter; AIC: Akaike information criterion; BIC: Bayesian information criterion; RMSEA :root mean square error of approximation.

		

		
			Table 3

			Community weighted mean (CWM) of wood traits of tree vegetation in igapó (FP) and terra firme (TF) forests.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Trait

						
							
							FP [image: ]

						
							
							FP SD

						
							
							FP CV (%)

						
							
							TF [image: ]

						
							
							TF SD

						
							
							TF CV (%)

						
					

					
							
							Fiber Length (µm)

						
							
							615.83

						
							
							25.84

						
							
							4.2

						
							
							1 198.70

						
							
							207.12

						
							
							17.3

						
					

					
							
							Fiber Wall Thickness (µm)

						
							
							2.74

						
							
							0.67

						
							
							24.5

						
							
							4.80

						
							
							1.26

						
							
							26.3

						
					

					
							
							Runkel Ratio

						
							
							0.80

						
							
							0.15

						
							
							19.4

						
							
							1.00

						
							
							0.32

						
							
							32.3

						
					

					
							
							Fiber Area (µm2 mm-2)

						
							
							825 109.8

						
							
							33 344.89

						
							
							4.0

						
							
							644 064.4

						
							
							213 367.17

						
							
							33.1

						
					

					
							
							Ray Height (µm)

						
							
							225.91

						
							
							17.81

						
							
							7.9

						
							
							355.86

						
							
							97.69

						
							
							27.5

						
					

					
							
							Ray Width (µm)

						
							
							19.06

						
							
							8.67

						
							
							45.5

						
							
							31.07

						
							
							5.72

						
							
							18.4

						
					

					
							
							Ray Density (# mm-1)

						
							
							20.40

						
							
							5.91

						
							
							29.0

						
							
							12.01

						
							
							2.32

						
							
							19.3

						
					

					
							
							Vessels Density (# mm-2)

						
							
							21.95

						
							
							7.26

						
							
							33.1

						
							
							20.34

						
							
							7.43

						
							
							36.5

						
					

					
							
							Vessel Diameter (µm)

						
							
							77.38

						
							
							7.82

						
							
							10.1

						
							
							98.22

						
							
							11.18

						
							
							11.4

						
					

					
							
							Axial Parenchyma Area (µm2 mm-2)

						
							
							92 432.64

						
							
							16 883.74

						
							
							18.3

						
							
							321 006.07

						
							
							237 934.56

						
							
							74.1

						
					

					
							
							Wood Density (g cm-3)

						
							
							0.62

						
							
							0.01

						
							
							1.0

						
							
							0.52

						
							
							0.08

						
							
							15.7

						
					

				
			

			[image: ]: mean; SD: standard deviation; CV: coefficient of variation.

		

		
			Table 4

			t-test for soil variables in tropical moist forest of terra firme (TF) and igapó (FP) from Colombian Orinoquia.

			
				
					
					
					
					
					
				
				
					
							
							Variable

						
							
							FP

						
							
							
							TF

						
							
							p-value

						
					

					
							
							N (mg kg-1)

						
							
							2 639.29 ± 1 712.21

						
							
							>

						
							
							1 722.22 ± 251.17

						
							
							0.084*

						
					

					
							
							P (mg kg-1)

						
							
							7.89 ± 0.40

						
							
							>

						
							
							1.95 ± 0.80

						
							
							0.003***

						
					

					
							
							N:P Ratio

						
							
							430.22 ± 248.38

						
							
							<

						
							
							1 132.49 ± 215.88

						
							
							0.000***

						
					

					
							
							K (cmolc kg-1)

						
							
							0.22 ± 0.13

						
							
							>

						
							
							0.11 ± 0.02

						
							
							0.012**

						
					

					
							
							Al (cmolc kg-1)

						
							
							4.05 ± 1.16

						
							
							>

						
							
							2.90 ± 0.21

						
							
							0.006***

						
					

					
							
							CEC (cmolc kg-1)

						
							
							15.20 ± 5.83

						
							
							>

						
							
							10.72 ± 1.89

						
							
							0.012**

						
					

					
							
							Clay (%)

						
							
							34.10 ± 13.13

						
							
							>

						
							
							22.96 ± 2.49

						
							
							0.004***

						
					

					
							
							Silt (%)

						
							
							50.98 ± 9.35

						
							
							>

						
							
							23.31 ± 9.84

						
							
							0.000***

						
					

					
							
							Sand (%)

						
							
							14.93 ± 3.78

						
							
							<

						
							
							53.74 ± 12.33

						
							
							0.000***

						
					

				
			

			Significant differences: * α < 0.1; ** α < 0.05; *** α < 0.01. cmolc kg-1: centimoles of charge per soil kilogram; mg kg-1: milligrams per kilogram.

		

		
			
				[image: Two graphs showing the relationship between different variables.

Description generated by AI]
			

		

		
			Fig. 4. Diagram of stocks (AGB) and aboveground biomass storage rate (Delta) in plant functional types. The error bars correspond to the standard deviation. Different letters indicate significant differences (α < 0.05).

		

	OEBPS/image/F002.jpg
AGB (Mg ha) AGB (Mg ha™") AGB (Mg ha') AGB (Mg ha™')

AGB (Mg ha")

210 . 44 .
200 ~ 42
190{ ° A 240 -
1809 2 an =
170 2367 o
1604 % 34
150 £ 32
140{R?= 0859 © 30%r:- 0883
1304 28
00E+00  30E:05  G6OE0S  90E05 12604 0OE+00 30E0S 60E05 90E-05 12604
FRic FRic
210 . 44
200 = 42 4
190- - R =0.931 > a0
180 ” & 38
170 ) 236 o 5561
160 . Liicted S 34
150 £ 32
T -
1401 S 30 R0oa .
130
0049 0051 0053 0055 0057 0059 0061 0049 0051 0053 0055 0057 0059 0061
RaoQ RaoQ
210 . 44
w01 —~ 42 <
190 R*=0.084 > 40
180 238
170 2361 « R*=0.00
1604, S 34 5
150 RI=0556 Fp
3 3
0 . 2% Ri=0591 5
130 28 -
0215 0220 0225 0230 0235 0215 0220 025 0230 023
FDis FDis
210 H a4
200 2xid2 *
190 - R=0220 > 40
::;g =38
36 . §
160 2 R=0.045
s
150 22 551 ,
. o 30 p=0068" “ e
130 .
08 087 088 089 090 091 092 08 087 088 08 0% 091 092
FDiv FDiv
210 & 44 .
200 ~ 42
& =
190 . = > 40
180 =38
170 © 36 . R'=0.139
160 . % 34
150 £ 32 5
140 R=0256 QS 30{ 2 Bouees
130 28 *
060 065 070 075 080 085 060 065 070 075 080 085
FEve

FEve





OEBPS/toc.xhtml

		
		Contents


			
						a30v74n1-DIAZ-e2026194


			


		
		
		Page List


			
						1


						2


						3


						4


						5


						8


						9


						10


						11


						11


						12


						13


						14


						15


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/2.png





OEBPS/image/LOGO_RBT_PAG_INICIAL.png
ﬁvi:iogic Tropical





OEBPS/image/F003.jpg
012 -0.03 021 1.00

: s <
NLl oc lsn caloor 069 088
/ ;

R_l-h FL F&T|
\ 7
096 056 o 35 0 317
X

1.00
071
s
AIC=166.0 AIC =96.4
e BIC=1739 AGB RE'\wc; 102.0
RMSEA = 0.4 T EA=03
- 050
067
093 099 184 1.00 098 096
iy <r < iy F
Mgl L@ N.J i - Na oz 017 059
A 4 <o
B R H| FL FT)
‘047
AIC=5151 AIC=2404
BIC - 5333 ?93 BIC = 253.4
[AGB| RMSEA =0.5 RMSEA =0.0
098






OEBPS/image/F001.jpg
70°16'48"W 70°16'12"W 70°1536"W

FPAIPS

70°1648"W 7016"12'W 70°15'36"W 70°150"W





OEBPS/image/F004.jpg
100
90
80
70
60
50
40
30
20
10

ab
ab

o
2
)
2
@
g
<

0+ - - -
25

209

154

a
b b
101 b
b b
054
o+ i ™ b

Intermediate Intermediate Conservative Palms
Acquisitive Conservative

migaps = Terra Firme





OEBPS/image/ORCID_logo_COLOR-1x1-300.jpg





OEBPS/image/1.png
Revista de Biologia Tropical, ISSN: 2215-2075, Vol. 74: €2026194, enero-diciembre 2026 (Publicado Jul. 23, 2026) 1

TERRESTRIAL ECOLOGY e A
Biologia Tropical

https://doi.org/10.15517/52pp5j92

Functional analysis of wood traits, soil, and aboveground biomass
in Terra firme and Igapé forests

Sebastian Emilio Diaz-C."*; (® https://orcid.org/0000-0002-7387-5073

Ana M. Aldana; (® https://orcid.org/0000-0003-3439-6245

Merly Y. Carrefio-Diaz; (® https://orcid.org/0000-0002-8039-0867
Esperanza N. Pulido-Rodriguez*; (® https://orcid.org/0000-0003-1670-446X
Luisa Fernanda Casas-Caro®%; (&) https://orcid.org/0000-0002-6327-9163
Diego F. Correa?; (& https://orcid.org/0000-0002-6510-4906

Juan S. Gonzdlez-Abella?; (&) https:/orcid.org/0000-0002-4993-1370

Pablo R. Stevenson?; (& https://orcid.org/0000-0003-2394-447X

René Lopez-Camacho®; (9 https://orcid.org/0000-0003-2026-0371

1. Department of Marine, Earth, and Atmospheric Sciences; North Carolina State University; Raleigh, North Carolina,
United States; sdiazco@ncsu.edu ("Correspondence)

2. Laboratory of Tropical Forest Ecology and Primatology, Universidad de los Andes, Bogot D.C., Colombia; anaaldan-
aser@gmail.com, diegofelipecorrea@gmail.com, js.gonzalez2790@gmail.com, pstevens@uniandes.edu.co

3. Independent Researcher, Bogotd D.C., Colombia; yura.ny@hotmail.com

4. Forest Engineering Program, Faculty of Environment and Natural Resources, Universidad Distrital “Francisco José de
Caldas’, Bogota D.C., Colombia; enpulidor@udistrital.edu.co

5. Instituto de Investigacion de Recursos Bioldgicos “Alexander von Humboldt’, Bogota D.C., Colombia; lfcasascaro@
gmail.com

6. Research Group of Use and Conservation of Forest Diversity, Universidad Distrital “Francisco José de Caldas’, Bogotd
D.C,, Colombia; rlopezc@udistrital.edu.co

Received 03-VII-2025.  Corrected 04-XI1-2025.  Accepted 29-VI-2026.

ABSTRACT
Introduction: Wood traits are intrinsic properties of variables sed in aboveground biomass (AGB) models, such
as wood density and maximum height, whose behavior may vary with soil nutrient availability. In recent decades,
knowledge of functional trait ecology has become a valuable tool in biomass and productivity studies.
Objective: To analyse the stocks and storage rates of AGB in tropical moist gallery forests of the Colombian
Orinoquia (Tomo River, Vichada) based on wood traits and edaphic variables.
Methods: We evaluated variables associated with functional and edaphic response on tree vegetation from per-
‘manent monitoring plots, three in Terra Firme and two in the floodplain (igap6). For this, we included measure-
ments of wood traits from dominant species, calculated functional diversity indexes, and identified clustering
patterns and functional strategies.
Results: It was found that higher functional richness was associated with higher storage rates in both forest
types. Quadratic entropy and functional dispersion showed similar trends to functional richness but were not
statistically significant. Functional evenness and divergence showed contrasting patterns between forests. In both
forests, acquisitive functional types had the highest AGB values. Fiber traits, such as fiber length, were associated
with AGB, but parenchyma traits were not. We recognized that phosphorus is a nutrient driver of AGB.
Conclusions: Our results demonstrate similar functional trends in igap6 and terra firme forests.

Key words: tree community ecology; wood anatomical traits; forest carbon dynamics.





