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15 Abstract:

16 1) Background: We analyzed the size structure, richness and diversity in eight permanent forest
17 plots in the upper limit of the great Amazon basin located in the Ecuadorian parts of Cordilleras del
18 Condor and Cutucti. Our hypothesis was that not all the forests of the eastern mountain ranges are
19 homogeneous in characteristics, but rather present differences in their structure, richness and
20 floristic diversity. In order to test this, our main objective was to classify the types of forests based
21 on characteristics in diametric structure and species composition of the Amazonian forests of the
22 eastern cordilleras in southern Ecuador, and also to determine the influence of critical edaphic-
23 environmental and geomorphological factors. 2) Methods: Eight one-hectare permanent plots were
24 installed in homogeneous and well-conserved forest stands. Four plots were located in the province
25 of Zamora Chinchipe and four in the province of Morona Santiago. We identified and measured all
26 trees> 10 cm at diameter breast height. For each plot, soil samples were taken, along with
27 environmental and slope data. The multidimensional non-metric adjusted scaling (NMDS) was
28 used to evaluate changes in climatic and geomorphological gradients. The relationship between the
29 composition of the species at the plot level and the edaphoclimatic variables was tested using a
30 canonical correspondence analysis (CCA). Finally, we modeled the change in species diversity
31 (Fisher's alpha) in relation to the climatic gradients, altitudinal and geomorphological using a
32 GLMM. 3) Results: Overall, we identified 517 species belonging to 76 families. We determined the
33 existence of two different types of forest, the first one named Terra Firme, characterized by the
34 presence of a larger number of species and individuals per plot, compared to the second type of
35 forest, called Tepuy or Sandstones forest. Species richness was negatively correlated with soil
36 phosphorus content and pH, mean annual temperature, annual precipitation and altitude. The CCA
37 analysis showed differences in the species composition between the Terra Firme and Sandstone
38 forests. The climatic seasonality and the concentration of cations in the soil influence the diversity
39 of the Amazon forest communities of the southeastern cordilleras. The forests of Terra Firme, which
40 are settled in more stable and nutrient-rich climatic areas, were more diverse. Sandstone forests are
41 poor in nutrients and develop in areas with stronger seasonality.

42 Keywords: alpha diversity; canonical correspondence; NMDS; Sandstones Forests; Terra firme
43 Forests

44

45 1. Introduction
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46 Ecuador is considered one of the 17 mega-diverse countries of the world [1], the diversity of
47  plants throughout its territory being a consequence of distribution patterns and geodynamic
48  processes which have been studied during the last decades. The Ecuadorian Amazon is widely
49  known for its great diversity of plants and animals, there have been determined peaks of diversity
50  worldwide recognized [2,3]. Regretfully, anthropic pressure determined by changes in land use and
51  deforestation make it one of the most endangered ecosystems and therefore a priority for

52 conservation [4].

53 In the last decades, the forests of the Ecuadorian Amazon have been subjected to high rates of
54  deforestation, resulting in modified environmental conditions at a local and regional scale (higher
55  temperatures, changes in precipitation regimes, increased CO2 concentrations), and the
56  fragmentation of these habitats [5]. These ecosystems harbor one of the highest concentrations of
57  wvascular plant species [6], but the majority of the studies are limited to the floristic diversity of these
58 ecosystems [7,8]. For example, Silva et al. 2010 [9] omitted the influence that environmental,
59  geomorphologic and soil factors might have on plant diversity. Some authors have pointed out that
60  species richness decreases at higher elevations, and that this reduction is associated with factors such
61 as precipitation, seasonality, soil fertility and topography [10-12]. Others pointed out that climatic

62  variables (e.g., annual rainfall quantity) are not good estimators of richness [13].

63 In Ecuador, two mountain ranges border the great Amazonian basin at its western limit -
64  Cordillera del Condor and the Cutuct. These two Cordilleras are located in the southeastern part of
65  Ecuador, on its border with Peru, being the largest in the country, after the main mountain range of
66  the Andes. They are characterized by having white sandstones plateaus with an acidic nature, similar
67  to those of the northeastern mountains of South America, typical of the Precambrian shield of the
68  Guianas. Additionally, they are located in close vicinity to the Huancabamba depression, the lowest
69  point of the Andes. As a result, the clouds that form on the western slope slide through this
70 depression, and then deposit their moisture load on these ridges, pushed by the prevailing easterly
71  winds [14].

72 Previous studies conducted in Cordillera del Céndor [8,14] have revealed a high floristic
73 richness, similar in magnitude to other areas of the Neotropics. Along the Condor and Cutuct
74 mountain ranges there are several small sandstone islands, where countless species endemic to this
75  type of environment grow. These areas show geological characteristics similar to those of the

76  Venezuelan Guyana massif, and their vegetation presents specific characters and adaptations [8].

77 It is estimated that the flora of the Cordillera del Céndor exceeds 4,000 species of vascular plants
78  and of 300-400 species of bryophytes [8]. Studies conducted both in Ecuador and Peru document a
79  high species richness; in the case of species above 10 cm DBH, with the average density is of 253 to
80 300 species per hectare (Phillips et al., 1994 [11-13, 18,19]. Although the flora and vegetation of some
81  specific sites in the Cutuct and Céndor mountain ranges is known in detail [15-17], no studies have
82  been carried out regarding the factors that determine the richness and diversity in these mountain

83  ranges,

84 In this context, the main objective of this study was to determine the forest types from the
85  cordilleras of southeastern Ecuador and to determine which environmental factors affect the diversity

86  and structure of these forests. For this, we proposed two questions: (1) Is the forest of the eastern
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87  mountain ranges of southern Ecuador homogeneous? and (2) What edapho- climatic or other factors

88 influence the richness, structure and floristic composition of these forests?

89  2.Methods
90 2.1 Study area

91 The study was carried out in eight localities of the Amazonian forests of the Céndor and Cutuct
92 mountain ranges, in the southeast of Ecuador, located between 700 - 1,650 m, in the provinces of
93  Morona Santiago in the towns of Wusui (plots 5and 6) and Koankos (plots 7,8) and Zamora Chinchipe
94 in the localities of Nangaritza (plots 1,2) and Wawaime (plots 3 and 4) (Figure 1).
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96 Figure 1. Location of the sampling plots

97  2.2. Plot installation

98 In each locality, two permanent one hectare-plots were established. Each of these 8 plots was

99  subdivided into 25 subplots of 20 x 20 m. For each subplot, the geographical position, elevation and
100 slope data were recorded. All individuals equal to or greater than 10 cm in diameter at breast height
101  (DBH) were sampled. This is a standardized methodology that has been applied in other regions of
102 the Neotropics, including Ecuador [20-22].

103 The collected plants were identified in the Herbarium QCNE and LOJA. For the nomenclature
104 of the species, the catalogs of the flora of Ecuador and Peru were used [23-25]. The similarity between
105  each pair of plots was calculated using the abundance of each species per plot.

106 To characterize the forests of different localities, structural and floristic parameters were
107 calculated using the equations proposed by [26-28].
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) ] ] species per Family
Relative Diversity(RD) = ( - ) * 100
Total species
Basal area per specie
Relative Dominance(RDm) = ( - ) 00
Total Basal Area in the group
108 2.3 Climatic and Edaphic variables

109 From each plot, soil samples were collected from the four extremes and one from the center; the

110 five samples were then homogenized and conserved for later analysis. All the laboratory analyzes
111 were performed in AGROBIOLAB (Quito) with standardized protocols for each variable analyzed.
112 The edaphic-climatic variables used were: Hydrogen potential (pH), Electrical conductivity (EC),
113 Organic matter (MO), Aluminum plus hydrogen (AL + H), Boron (B), Calcium (Ca), Cation exchange
114 capacity (CICE), Copper (Cu), Iron (Fe), Potassium (K), Magnesium (Mg), Manganese (Mn), Sodium
115 (Na), Total nitrogen (NH4), Phosphorus (P), Sulfur (504), Zinc (Zn).

116 The bioclimatic data were extracted from Worldclim [29]. The climatic variables that we used
117  were Average annual temperature, Isothermality, Seasonality of Temperature, Annual range of
118  Temperature, Annual total precipitation, Precipitation of the driest month, Seasonality of

119  precipitation, Precipitation of the warmest quarter, and terrain variables like elevation and slope.
120 2.6 Statistical Analysis

121 All analyzes were performed using software R 2.14.0. The total species richness was modeled
122 using a Generalized Mixed Linear Models (GLMM) [30]. Using the function glm of software R [31], a
123 saturated model was constructed with the 14 explanatory variables cited above. The relationship
124 between the composition of species and the measured edapho-climatic variables was analyzed by
125  canonical correspondence analysis [32]. Preliminarily the analysis of indirect canonical
126 correspondence (DCA) indicated that the values of standard deviation [33,34], a canonical
127 correspondence analysis (CCA) was performed. Using the step () function, the optimal model based
128 on the AIC (Akaike Information Criterion) statistic was constructed [35,36]. The variance inflation
129 factor (VIF) was calculated to eliminate redundant variables in the final model, considering VIF > 20

130 the threshold from which a variable was considered highly correlated with the others in the model.

131 We performed a fitted non-metric multidimensional scaling analysis (NMDS), in which the
132 variables identified in the CCA were used to interpret the ordering. For the CCA and NMDS
133 analyzes, the abundance values were transformed using Hellinger distance, in order to avoid an
134 exaggerated influence of the rare species [37]; the NMDS was calculated using the Euclidean distance.
135  The CCA and NMDS analyzes were done using the “vegan” package [38]. We used SIMPER
136  similarity percentage analysis to know which species are responsible for the similarity/dissimilarity

137  between floristic groups using the same package.
138 3.Results

139 3.1 Alpha Diversity and forest structure

140 A total of 5771 trees > 10 cm DBH were sampled, belonging to 76 families and 517 species. The
141  mostdiverse family is Fabaceae with 51 species (Relative Diversity RD =9.9%), followed by Rubiaceae
142 (40 ssp, 7.7%), Euphorbiaceae and Lauraceae with 36 ssp. (7%), Moraceae with 27 ssp. (5.2%),
143 Sapotaceae with 19 ssp. (3.7%), Clusiaceae and Melastomataceae with 18 ssp. (3.5%), Myristicaceae
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144 with 15 ssp (2.9%), Burseraceae and Cecropiaceae with 14 ssp (2.7%), Annonaceae and Myrtaceae
145  with 13 ssp. (2.5%), Flacourtiaceae (11 ssp 2.1%) and Sapindaceae with 10 ssp (1.9%). The rest of the
146 55 families have between 1 and 10 species (0.2-1.7%) (Supplementary Table S1).

147 The total basal area of the sampled trees reached 185.4 m2 The family with the highest value of
148  the basal area is Myristicaceae with 17.6 m? (9.59% of the total), followed by Moraceae with 15.8 m2
149 (8.52%), Sapotaceae with 14.53 m? (7.84%), Fabaceae with 12.1 m? (6.52%), Euphorbiaceae with 11.9
150  m?2(6.44%), Arecaceae 11.9 m? (6.41%), Rubiaceae with 10.7 m? (5.8%) and Lauraceae with 10.1 m2
151  (5.4%). There were 23 families that had between 1- 8 m2 (0.61-4%), while the rest of families had lower
152 values (0.1-0.53%).

153 The five species with the highest basal area were Chrysophyllum sanguineolentum with 10.5 m?
154  (5.7% of Relative dominance), followed by Otoba glycycarpa with 9.1 m2 (4.9%), Pseudolmedia laevigata
155  with 4.9 m2(2.7%), Chimarrhis hookeri with 4.7 m2 (2.5%) and Wettinia maynensis with 4.5 m? (2.4%)

156 The five species with the highest number of individuals were Wettinia maynensis (Arecaceae)
157  with 321 (5.6% of the total measured individuals), followed by Chrysophyllum sanguineolentum with
158 260 individuals (4.5%), Pseudolmedia laevigata with 175 (3.03%), Euterpe catinga with 158 individuals
159 (2.7%) and Alchornea grandiflora with 142 individuals (2.5%). There were 179 species (3%) that were
160  represented by a single individual.

161 3.2 Species Turnover

162 The fitted NMDS analysis shows a clear separation into two groups of plots The first group, that
163 we choose to name Terra Firme Forest (TF) was formed by the plots 1-3-5-7. The second group, Tepuy
164  forest or White Sandstones forest (UY), was formed by the plots 2-4-6-8 (Figure 2). All the soil
165  variables that were included in the fitted NMDS analysis significantly influenced the grouping of the
166  plots, although with a low correlation is relatively low. On the other hand, phosphorus (P) and iron
167  (Fe) had no significant influence on the formation of the two groups. Regarding the climatic variables,
168  the average annual temperature and precipitation had a significant influence, altitude was also a

169  factor contributing significantly in the grouping (Table 1).

170 In TF forests are characterized by a greater number of individuals and a greater number of
171 species per unit area, (3,009 DAP individuals = 10 cm were recorded in an area of 40,000 m? with an
172 average of 151 species per hectare), compared to the Tepuy forests (2,651 individuals and an average
173 of 89 species).

174  Table 1. Factors and vectors that significantly influenced the grouping of the forest plots of the eastern

175  mountain ranges of southern Ecuador

176
Vectors
Soil NMDS1 NMDS2 ¢2 P-value
K -0.3582  -0.9336 0.13  0.001***
B 0.2160 09764 0.13  0.001***
pH -0.2344 -0.9721 0.0  0.001***
Mg -0.2496  -0.9684 0.09 0.002**
Mn -0.1163  -0.9932 0.08  0.001***

NH4 0.1225 0.9925 0.07  0.003**


https://doi.org/10.20944/preprints201909.0177.v1
https://doi.org/10.3390/d11100196

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2019 d0i:10.20944/preprints201909.0177.v1

6 of 15

Ca -0.3771  -0.9262 0.07 0.003**
Cu -0.1009  -0.9949 0.07 0.004**
Zn -0.2935  -0.9560 0.06 0.003**
M.O 0.1225 0.9925 0.06 0.05.
Na -0.1816  -0.9834 0.04 0.023*
Climatic NMDS1 NMDS2 12 P-value
Aat 0.4554 -0.8903 0.05 0.009**
Pe 0.9169 -0.3990 0.03 0.048*
Terrain NMDS1 NMDS2 12 P-value
Altitude 0.1486 0.9889 0.11 0.001***

177
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193 Figure 2. NMDS Analysis shows the differentiation between the TF and UY plots, the green surface
194 represents the elevation, and the orange SO4.

195 The TF plots were more diverse than the plots in UY forest. TF forests also had a larger volume,
196  except in Nangaritza (UY), which showed a greater volume than the corresponding TF forest from
197  the same sector, and also a greater volume than the rest of the forests of the same formation (Table
198 2).Ineach forest, the ecologically dominant species was determined, a list of the three most important

199  species from each of the sampled sites can be found in the Supplementary Table S2.

200  Table 2. Descriptive values of the attributes of the forests in each plots.

201
Plot Families Genera Species Trees/ha Shanon Basal Area/ha  Volume /ha
Nangaritza TF I 39 81 121 670 3.99 21.35 266.20
Wawaime TF II 41 90 135 948 4.02 34.65 438.24
Wisui TF III 45 100 155 643 4.3 36.02 594.45
Kuankos TF IV 43 106 191 748 3.93 36.01 469.88
Nangaritza UY I 39 61 80 478 3.92 22.74 294.39

Wawaime UYII 24 33 50 445 2.8 9.12 54.54
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Wisui UY III 35 68 87 985 3.5 21.06 171.92
Kuankos UY IV 38 74 138 743 3.5 12.79 123.29
202 The species richness showed a negative correlation with the annual average temperature,

203  phosphorus, pH, annual precipitation and altitude; that means that species richness decreases as the
204  elevation increases. Richness was higher in the TF foresy compared to UY forest, where the soil and
205  environmental characteristics were different. Only the calcium concentration shows a positive

206  relationship with the species richness (Table 3).

207  Table 3. Results of mixed generalized models of total species richness. Coef = coefficient of variation
208  in the model; SD = standard deviation; P = significance of the model (p <0.05).

Variable Coef. SE t-value P
Intercept 146.42 26.92 5.43 <0.0001***
Calcium 1.24 0.2321 5.34 <0.0001%***
Annual Average Temperature 2.15 0.6984 -3.09 0.002**
Phosphorus -1.07 0.1289 -8.35 <0.0001***
pH -6.7 2.05 -3.26 0.001**
Annual Precipitation 0.0093 0.0022 -4.13 <0.0001***
Altitude 0.0093 0.0051 -4.58  <0.0001***
209 Regarding the diametric structure of the forests, the TF plots have significantly more individuals

210  in the first four diametric classes (10-40 cm DBH) than the UY forest plots, except in Wuisui and
211  Kuankus, where the UY plots had more individuals of the first diametric class. The trees of the last
212 two diametric classes (50 -> 50 cm DBH) disappear in the UY forests, except in the town of Wuisui,
213 where one individual belonging to the diametric class VI was present (Figure 3).

214

215  Table 4. Number of individuals in the determined diametric classes, in each locality and in each type

216  of forest, bold values show significant differences.

217
CLASS 1 CLASS II CLASS III CLASS 1V CLASSV CLASS VI
Site/Plot
Df Chi-sq p Chi-sq p Chi-sq p Chi-sq p Chi-sq p Chi-sq p

Nangaritza

1 3.8 0.05* 17.8 < 0.001*** 7.2 0.007** 0.94 0.33 ns n/a n/a n/a n/a
Nangaritza
Wawaime

1 31.5 <0.001*** 29.7 <0.001*** 259 <0.001*** 10.7 0.001*** 3.12 0.08ns n/a n/a
Wawaime
Wisui

1 30.7  <0.001*** 10.3 0.001*** 22.6 <0.001*** 8.2 0.004** 9.3 0.003**  0.35 0.55 ns
Wisui
Kuankos

1 37 0.05* 13.6 <0.001*** 12.9 <0.001*** 13.7  <0.001*** 3.1 0.07 ns 3.1 0.07 ns
Kuankos

218
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219 Figure 3. Total number of trees in each diametric class, by sampling site and type of forest.
220
221 The SIMPER analysis shows that the plots of the same province and forest type have greater

222 similarity than the plots of the same forest located in another province (Table 5). There are also species
223 which are characteristic of each plot, contributing to the dissimilarity between the plots. The list of
224 the species and their percentage of contribution to the dissimilarity between each forest can be found
225  inthe Supplementary Table S3.

226  Table 5. Dissimilarity values between the different types and sampling areas
227

PLOTS Average dissimilarity

UYIl -TFII 99.87
TFII -UYIV 99.86
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Uyl -TFIV 99.75
TFIII -UYII 99.75
TF1 -TFIII 99.3
TFIV -UYIV 99.06
UYI -UYIV 99.02
TFI -UYII 98.94
UYI -UYI 98.81
TF1 -TFIV 98.55
UYI -TFII 98.29
TFI -UYII 97.53
TFI -UYI 97.4
TFII -TYII 97.24
TFII -TFII 96.65
TFII -TFIV 96.58
TFII -UYII 96.49
TFII -TFIV 95.5
TFII -UYIV 95.3
UYIl -UYII 93.92
TFI -UYIV 93.34
TF1 -TFII 87.54
228 The canonical ordering analysis (CCA) shows that the eigenvalues associated with the restricted

229 axes (EV1 =0.8342; EV2 = 0.6893) are greater than those associated with the unrestricted ones (EV1 =
230  0.4869; EV2 = 0.4519), so the use CCA is appropriate in this case, although the variance explained by
231  the model is low (Table 6).

232
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243
244  Figura 4. CCA ordination showing grouping at subplot level. N = 200 subplots of 400 m2.
245

246  Tabla 6. Summary of the CCA model.
247
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Explained Variance
Inertia Model Axis 1 Axis 2
Total 33.8 1.0
~ Tannual + So4 + Ca.Mg.K + Mn + Altitude + Tseasonallity

4.01 11.87% 2.40% 1.98%
+Zn
Unconstrained 29.76 88.13%
248
249 4. Discussion
250 Our results show that the forests from the Condor and Cutuci mountain ranges group into two

251  distinct forest types, the Terra Firme forest and the Sandstones or Tepuy forest, and the differentiation

252 is due to climatic, environmental, topographic and edaphic factors.

253 Condit et al. 1996 [39] point out the close relationship that exists between abundance and
254 richness: given the same area, a habitat with a larger number of individuals should contain more
255  species than one with a smaller number of individuals. Similar studies conducted in Ecuador and
256  Peru document between 253 to 300 species of DBH > 10 cm per hectare [3,40], which agrees with our
257  results and refutes the claim that lowland Amazonian forests would be richer than the forests found
258  along the base of the Andes mountain range, which in turn should be richer in grasses, shrubs and
259  epiphytes [41].

260 The ecologically important species were also different between the two types of forest: in the TF
261  forest, the best represented species were Chrysophyllum sanguineolentum, Otoba glycycarpa and Wettinia
262 maynensis, while in the UY forests the most abundant and frequent species was Alchornea grandiflora.
263  In forests similar to those studied here, Huamantupa 2009 [42] found that the five most abundant
264  species were: Iriartea deltoidea, Pseudolmedia laevis, Otoba glycycarpa, Astrocaryum murumuru and Leonia
265  glycicarpa. Other studies in Amazonian forests of Ecuador, Peru and Colombia mentioned
266  Lecythidaceae, Myristicaceae, Arecaceae and Moraceae as dominating this type of ecosystem
267  [9,12,40,43].

268 The diversity pattern in our study areas was very similar to that found in other Amazonian
269 forests. Other authors, such as [13,44], noted that forests on white sands have a low diversity
270  compared to forests of Terra Firme. In our study, the presence of a greater number of species in TF
271  forests was mainly due to edaphic factors. In different ecosystems (Lowland and Montane Forests),
272 species diversity and tree height decrease as altitude increases [10,45-48], which agrees with our
273 observations. In addition, factors such as increased precipitation, lack of seasonality in temperature
274  and natural fertility of soils have been considered determinants in the number of species that certain
275  system is able to sustain [10,49].

276 Other factors we found to negatively affect the species richness were the level of pH and the
277  concentrations of phosphorus and calcium in the soil. Studies in other ecosystems indicate that the
278  availability of nutrients in the soil is an important factor affecting the richness of tree species
279 [46,48,50]. Our results indicate a similar pattern occurs in the two studied ecosystems, where the
280  wealth in UY forests is reduced due to soils with high levels of homogeneity, acidic pH and poor
281  nutrients. A high richness of arboreal species is related to high levels of soil heterogeneity [51,52].
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282 In addition to edaphic factors, it is assumed that the reduction of tree species in UY forests is due
283 to stressful climatic conditions, such as strong winds, water deficiency, steep slopes and large rock
284  masses. However, it has been observed that, in other tropical ecosystems, species richness increases
285  in places with high to moderate slopes [24,46,53]. Finally, Escudero 1996 [54] notes that rocky

286  outcrops could significantly reduce the space available for tree species to establish.

287 The plot species composition was mainly determined by a combination of environmental,
288  topographic and edaphic factors (soil parameters). In our case, altitude, temperature and
289  precipitation explained in large part the observed differences in the composition of species. Similar
290  results have been documented in mountain forests and dry forests, where altitude and variables
291  related to water availability are the main determinants of diversity [48,55]. On the other hand,
292 Poulsen et al. 2006 [56] point out that, at local and regional scale, environmental factors such as
293  altitude, topography and edaphic parameters are the main drivers of the floristic changes of the
294  vegetation. In addition, environmental changes at different scales in the Amazon basin influence the

295  floristic composition and distribution of plant communities [10,57-60].

296 The pH, concentration of cations, nitrogen, phosphorus, copper and soil organic matter largely
297  explained the changes in the composition of species. As mentioned by Neill 2005 [8], the geological
298  composition of the Cordillera del Céndor region is key to understanding its floristic composition.
299  This is consistent with similar studies carried out in different tropical ecosystems, where soil
300  parameters play an important role in the determination of species composition [19,61-63]. The
301  differences in the composition of species between the TF and UY plots are mainly due to the fact that
302  the former have a greater amount of nutrients and lower acidity. Homeier et al. 2010 [48] states that
303 there is a significant relationship between tree diversity and soil parameters, such as pH, calcium,
304  nitrogen, phosphorus, magnesium and potassium. This is important since there is a decrease in

305  nutrient content and an increase in acidity of the soil as the altitude increases.

306 The edapho-environmental conditions that exist in the eastern mountain range are a
307  fundamental to understanding the composition and structure of the Terra Firme (TF) and Tepuy (UY)
308  forests. The conservation of these ecosystems can guarantee the survival of a large number of

309  specialized tree species restricted to these habitats.

310 Finally, Sollins 1998 [64] states that the availability of phosphorus, potassium, calcium and
311  magnesium influences significantly the composition of species in lowland rainforests. Similar results
312 have been reported in Amazonian forests, where calcium and aluminum have shown a high

313 correlation with the distribution patterns of species at regional and local scales [9, 56, 59,65,66].

314 In conclusion, the diversity of the communities of tree species in the Amazonian forests would
315  be conditioned by environmental, topographic and edaphic factors. Altitude, geomorphology and
316  soil parameters such as pH, nitrogen, phosphorus and potassium would be responsible for the
317  greatest differences in the composition and species richness of the TF and UY forests. In the latter,
318  the conditions of low amount of nutrients and high acidity of the soil would allow the establishment
319  of species adapted to living on white sands soils, which are poor in nutrients.

320  Supplementary Materials: Table S1: Values of Relative Diversity and number of species determined in

321 the forests of southeastern Ecuador; Table S2: Structural parameters of the three most ecologically important
322 species recorded in each of the plots analyzed in the Terra Firme and Tepuy Forests. DR Relative Density; Dom
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323 Relative Dominance; IVI, Importance Value Index Table S3: Dissimilarity between forest types and sampling
324 sites, species and abundance values and percentage contribution for dissimilarity are shown.
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