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17 Abstract:

18 Research Highlights: The study determined that selective thinning causes different responses, the

19 initial size of the tree released is an influential factor in the growth of species. The temporality of
20 climate and physiological conditions of each species are influential in the growth. It is evident that
21 the defoliation of certain species is an important factor that limits the growth of the species

22 causing thinning to have a negative response.

23 Background and Objectives: The objective is to analyze the behavior of nine timber species,

24 respective to diametric growth after their liberation. This research aims to answer the following
25 questions: (i) How do the selected tree species react to the liberation? (ii) Can the productivity of
26 the trees (diametric growth) be enhanced by liberation? (iii) Are there other factors that influence
27 the diametric growth of the released trees?

28 Materials and Methods: The study was executed in the “Reserva Bioldgica San Francisco” were
29 488 trees were monitored, including nine timber species. Therefore, 197 trees were released

30 (removal of competitors) and 251 trees served as reference. To check whether the initial DBH or
31 other factors, like the selective thinning or climate conditions, determine the diameter growth a
32 linear mixed model GLMM was applied. To adjust the linear mixed model a one-way Anova test
33 was executed.

34 Results: Timber species responded differently to the thinning in comparing to reference trees.

35 Therefore, the species analyzed were separated into three groups (positive, negative, and no

36 response to liberation).
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37 Conclusions:

38 Liberation potentiates the growth of certain timber species that do not defoliate and considered
39 semi-tolerant to shade.

40 Precipitation and temperature affect all species, but in the defoliate species, it would not be

41 convenient to release them or at least the evidence of these first three years does not show clear
42 differences with control trees.

43 Increase in trees released are higher in trees of the first two diametric classes in all species, this
44 means that larger trees (i.e older) release does not affect them in a positive way so release should
45 occur in the youngest trees.

46 Keywords: Tropical Mountain Forest, Podocarpus, Cedrela, Tabebuia, Selective Thinning,

47 Diametric Growth.

48

49  1.Introduction

50

51 During the last decades, deforestation and land degradation in tropical forests have been studied
52 extensively, due to their role in the global carbon cycle and in the climate system [1, 2], as well as
53 their importance for ecosystem services [3]. Tropical forests cover 7% of the earth surface, but contain
54 50% of the global forest biomass, and therefore are the most important natural carbon stocks and
55  sinks regarding future global warming, in which the above ground biomass (AGB) accounts for 70%
56 - 90% of the total biomass carbon [4]. Furthermore, the tropical forests represent 36% of the net
57  primary terrestrial production (PNP), which contributes to the regulation of the carbon dioxide (COz)
58  concentration in the atmosphere [5, 2]. Therefore, the challenge for foresters is to understand the
59  dynamics and to estimate the productivity of tropical forest stands, respective to the world's carbon

60  budget and its mitigation for future global warming [6,7].

61 Interventions to improve forest productivity, such as the release or removal of competitors
62  (liberation) from timber trees were implemented some years ago, including tropical countries. In
63  South East Asia, for example, this practice had been applied since the early 19th century and since
64  the mid-20th century in the Neotropics, in countries like Brazil and Costa Rica [8]. The process in
65  which undesirable species and other competitor around the timber species are eliminated to improve

66  their productivity and to convert these areas into productive forest stands [9].

67 This silvicultural treatment generally leads to an increase in diametric tree growth [10-12], and
68  itis frequently applied in forest management for timber production [13]. Timber harvesting in forests
69  often has a similar effect as the liberation from competitors [14], but concurrently the remaining trees
70  suffer large impacts, which can only be minimized by applying directed fall techniques [15].
71  However, an enhanced diametric growth of the trees leads also to an increased absorption of
72 atmospheric COz, because the main part of the biomass carbon is stored in the trunks and branches
73 of the trees [16]. Therefore, an enhanced diametric growth can mitigate the consequences of future

74 global warming [17].

75 In general, the diametric growth of trees in forests is a result of competition for space and

76 resources with other species, which is especially challenging in the tropical forests, because of their
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77  high biodiversity [18]. In tropical forests species density is extraordinarily high, but the density of
78  individual species comparatively low, which results generally in a decelerated diameter growth of
79  the trees [19]. However, the growth rates vary significantly between the species, depending on age,

80 annual seasonality as well as microclimatic conditions [20, 21].

81 The same is valid for tropical mountain forests (> 1500 m a.s.l.), which have been recognized as
82  indispensable for all environmental services, such as water production, storage, and their

83  regulation [22], as well as their extraordinary high biodiversity [3]. The high biodiversity of tropical
84  mountain forest is result of fast changing climate conditions caused by the local topography.

85  Generally, air temperature decreases towards higher elevations, but precipitation amounts increase,
86  leading the different environmental conditions [23-25]. The altitudinal gradients diversify

87  structurally and floristically the tropical mountain forest e.g. [26, 27], but also limit the growth of
88  timber species, reducing their diametric growth and therefore their productivity, due to the

89  competition with other plant species.

90 Over the last decade several permanent plots have been monitored in a natural tropical

91  mountain forests in southern Ecuador, analyzing the growth of particular tree species and the

92 behavior of the trees respective to the addition of nutrients [28] as well as to the release of plus trees
93 [15]. These studies also monitored the monthly DBH increment of the different tree species to

94  estimate the AGB and the annual biomass production. Furthermore, the influence of climate factors
95 on the trees at different altitudes e.g. [29, 26] and the alteration of the climate conditions due to

96  deforestation were investigated [30, 31]. However, regarding the behavior of timber species within
97  the tropical mountain forest respective to liberation is still lacking, but this silvicultural treatment

98  can promote a sustainable natural forest management without ecosystem destruction.

99 Therefore, the objective of the present work is to analyze the behavior of nine selected timber
100  species in a tropical mountain forest in southern Ecuador, respective to diametric growth after their
101  liberation (removal of competitors). This research project aims to answer the following questions: (i)
102  How do the selected tree species react to the liberation? (ii) Can the productivity of the trees
103 (diametric growth) be enhanced by liberation? (iii) Are there other factors that influence the diametric

104 growth of the released trees?

105 2. Materials and Methods

106 2.1 Study area conditions
107
108 The study was executed in the primary mountain forest of the “Reserva Bioldgica San

109 Francisco” RBSF; 03°58' S, 79°04' W; 1850 m a.s.l. [32], located at the eastern escarpment of the south
110 Ecuadorian Andes inside the Rio San Francisco catchment [33], which drains into the Amazon

111 Basin. Elevation ranges from ~1700 m asl at the valley bottom to ~3200 m a.s.l. at the highest point,
112 the Cerro del Consuelo (Figure 1).

113 The natural vegetation is an evergreen tropical mountain forest covering the slopes from the
114 valley bottom up to the tree line ~2700 m a.s.1. [34]. The forest can be classified as evergreen lower
115  montane forests (up to 21002200 m asl) and upper montane forests up to the tree line. Above

116  ~2700 m, a shrub-dominated sub-paramo prevails, where small patches of Elfin forest, the so-called
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117 Ceja Andina, dominate the landscape [28]. Both types of montane forest can be divided in lower
118  slope (ravine) forest and upper slope (ridge) forest [26, 27]. The ravine forests are characterized by
119 lower stem density, but concurrently by greater basal areas (tree diameters) and higher canopies
120 compared to the ridge forests, where also lesser tree species are present. The difference in forest

121 structure is mainly due to the climatic conditions and the prevailing soil types [25, 29].

122 The climate in the catchment is perhumid with marked altitudinal gradients in air

123 temperature, air humidity and rainfall [35]. Annual mean air temperature ranges from 19.4°C at the
124 valley bottom to 9.4°C at the highest mountain tops. However, the average diurnal temperature
125 amplitude is lowest inside the forest stands (min: ~12.4°C, max: 18.1°C) compared to the other

126  vegetation units present in the study area (pasture and paramo), because the canopy layer shelters
127 the air inside the forest against daily irradiance and nocturnal outgoing radiation [30]. Furthermore,
128  the air inside the tropical mountain forest is generally saturated (annual mean RH: ~100%) because
129 the dense canopy hinders the exchange of the air inside the forest with the free atmosphere and the

130  soils inside the forest are commonly saturated [31].

131 The rainfall distribution is linked with the altitude, due to the orographic precipitation

132 formation [35]. The average annual rainfall amounts vary between 2300 mm at the valley bottom
133 and 6700 mm at the mountain tops, which includes rain and fog water precipitation, because clouds
134 and fog deposit water directly on the vegetation, and therefore must be considered as a relevant
135  available water input from the atmosphere [23]. The seasonal rainfall distribution shows a clear

136  annual cycle with the main rainy season between May and September (austral winter) and a

137  relative dry season between November and February (austral summer) [35].

138 The soils in the RBSF mainly belong to the order of Inceptisols. At the lower parts of the slopes,
139  Dystrudepts are more frequent, whereas at the upper parts Humaquepts and Petraquepts dominate
140 [36]. According to [37] the soils in the mountain forests are characterized by thick organic layers,
141  which store large contents of biomass and nutrients. However, the thickness of the organic layer
142 depends maily on two factors, the altitude and the slope gradient. At higher elevations, the

143 temperatures are lower and therefore the degradation of the material is decelerated, leading to an
144 accumulation of the organic matter [38]. At steep slopes, the organic layer is generally thinner due
145 to the enhanced soil erosion processes, which transport the material to the lower and less inclined
146 parts of the slopes, where the organic matter is sedimented. These processes also affect the chemical

147  properties of the soils, making the nutrients availability for plants highly heterogeneous [22].
148
149
150
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Figure 1. Scheme Location of RBSF.

2.2 Plot Installation

As part of a long-term monitoring forestry project, in January 2003, fifty-two plots of 2500 m?
each were installed inside the tropical mountain forest of the RBSF. The plots were located in three
different gullies (quebradas), Quebrada 2 (Q2, 20 plots), Quebrada 3 (Q3, 16 plots) and Quebrada 5
(Q5, 16 plots), at different altitudes. After the plot installation a forest inventory was carried out and
all trees with a diameter at breast height (DBH) greater than 20 cm wich were marked, as
recommended by [39], to analyze the growth of forest trees. Also, botanical samples were collected

and afterwards identified taxonomically in the Herbarium LOJA.

For the selective thinning (liberation) only high-quality trees were selected (Potential Crop
Trees, PCT), including nine timber species, because the silvicultural treatment applied here tends to
promote a sustainable forest management without ecosystem destruction. The PCT species
seleccted were: Tabebuia chrysantha (Jacq.) G. Nicholson; Cedrela montana Turcz.; Inga acreana Harms.,
Hyeronima asperifolia Pax & K. Hoffm., Hyeronima moritziana Mull Arg., Podocarpus oleifolius D. Don
ex Lamb., Nectandra membranacea (Sw.) Griseb., Clusia ducoides Engl. and Ficus subandina Dugand.
Three of these species are considered as valuable timbers (Tabebuia chrysantha, Podocarpus oleifolius

and Cedrela montana), whereas the other six are classified as medium quality wood

In the installed plots a total 448 PCT individuals were identified, of which 197 individuals were
selected for liberation and 251 left in their natural environment as reference. In Q5 eight of nine PCT
species were present with exception of Clusia ducuoides, whereas in Q3 Ficus citrifolia and Inga
acreana were absent and only one individual of Cedrela montana was found. The plots in Q2 included

all selected PCT species with several individuals (Table 1).

d0i:10.20944/preprints201810.0620.v1
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Table 1. Released trees and reference trees for each species on each sampling site.

SPECIES Q5PCT Q5R Q3PCT Q3R Q2R PCT’s Reference
Trees
Cedrela montana 20 14 0 1 7 20 22
Podocarpus oleifolius 1 0 12 7 10 13 17
Tabebuia chrysantha 46 14 2 25 46 41
Ficus citrifolia 0 13 4 16
Nectandra membranacea 9 1 27 14 36
Hyeronima asperifolia 27 10 1 15 28 26
Hyeronima moritziana 3 0 16 10 11 19 21
Clusia ducuoides 0 0 37 37 14 37 51
Inga acreana 16 5 0 0 16 16 21
197 251
TOTAL 448

Concurrently, with the forest inventory metallic dendrometers were installed on each selected

PCT, as well as on the reference trees, and the initial DBH of each tree measured. By means of the

inicial DBH, the individual trees were grouped into diametric classes (Class I =20.1- 30 cm DBH,
Class I = 30.1- 40 cm DBH, Class III = 40.1- 50 cm DBH, and Class IV > 50.1 cmm DBH)), their

treatment defined and the monitoring periods (yearly) established, taking also into account the

climatic conditions (Table 2).

Table 2. Variables used to GLMM model.

ANALYZED
VARIABLES

DESCRIPTION

FACTOR

DIAMETER Diametric class of liberated and
CLASS reference trees

Class I: 20.1-30 cm dbh
Class II: 30.1-40 cm dbh
Class III: 40.1 -50 cm dbh
Class IV: >50 cm dbh

Removed competitors Liberated
TREATMENTS
Non removed competitors Reference
Period I: 12 months
Time between initial measurement
PERIOD Period II: 24 months
drived by climatic seasons
Period III: 36 months
Accumulated monthly
PRECIPITATION mm/month
Precipitation
TEMPERATURE  Monthly average Temperature °C/month
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196 2.2 Selective Thinning

197 As mentioned before, selective thinning consists in the removal of competitors to improve the
198  space and nutrient availability of the desired species [40, 9]. The treatment is based on the theory
199  that the growth rates of trees are directly related to the quantity of received sun light, therefore all
200  other trees and undesirable species within a given diameter around the desired species are removed

201  to obtain an adequate lighting and to enhance their nutrient availability e.g. [41,42]. (Figure 2).

202 To determine the competitor of the PCT trees all plots were visited and the tree form, crowns
203  diameter, social position within the forest stand as well as stem quality analyzed and evaluated. All
204  detected competitors were labeled with a plastic tape and removed during a campaign between
205  April and May 2004. The selective thinning included mainly competitor trees, which were cut

206  applying the method of directional falling, to avoid additional damage inside the ecosystem [43].

207
208
209
210
211
212
213
214
215
216
217
218

COMPETITOR

PCT

PCT=  Potential Crop Tree

219  Figure 2. Scheme of the implementation of selective thinning.
220 2.3 DBH measurements and Data Analysis

221 To evaluate the individuals of the nine PCT species, the monthly diameter increase of each tree
222 was measured. The trees were monitored for 36 months and the DBH measurements of each

223 recording compared to the initial value as well as to the previous data. To analyze the effect of

224 liberation for the individual tree species over time. Furthermore, to improve the analysis antecedent
225  dendrometers measurements (DBH) of the selected species executed by other studies in the RBSF
226 forest were included, which were monitored to estimate the AGB and the annual biomass

227  production [44,28].

228 The diametric increase of the PCT’s and reference trees were calculated by means of the follow

229  equation, taken from [21]:

Dl_Do
t

230 D, =
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231 Where: Di= Diameter increase (cm/month), Do= initial DBH (cm), D1= DBH (cm) during the

232 different campaigns, and t= time between measurements.

233 The equation was applied to all selected trees after their initial DBH measurement, which

234 resulted in the monthly DBH increase of each tree. Then, all individual monthly results were

235  averaged to determine the mean increase for each tree species as well as for their specific diametric
236  class. Finally, the average monthly DBH increases of the individual species were determined to

237  obtain a mean value for each monitoring period as well as for the entire study period.

238 To analyze the monthly, yearly and total DBH increases, and to determine the influencing
239 factors the Levene's test [45], which assess the homoscedasticity, and the Shapiro-Wilke test [46],
240  which evaluates the normality, were applied, using the software R Version 3.2.0 [47]. If significant
241  differences in diameter growth between the PCT's and the reference trees were found, considering
242  the different diametric classes and the annual season, an additional T-test (software R) was

243 executed, whereas an independent Tukey test (Tukey HSD function, software R) was applied if
244  significant differences between the monitoring periods were identified. Both tests were accepted

245  with p £0.05, which indicates that the results are statistically significant.

246 To check whether the initial DBH (diametric classes) or other factors, like the selective thinning
247  or the climate conditions, determine the diameter growth of the nine selected timber species, a

248  linear mixed model (LMER4 package) was applied, which is also included in the statistical software
249  R. The linear mixed model combines explanatory categorical factors like diameter class, treatment
250  or climate conditions, and give a "random" variable for the repeated measurements throughout

251  time (period). To adjust the linear mixed model a one-way Anova test was executed, which was
252 accepted with p <0.05.

253  3.Results

254 In general, the selected timber species responded differently to the thinning respect to their
255  reference trees (Table 3). Therefore, the species analyzed were separated into three groups (positive

256  response, negative response, and no response to liberation).
257 3.1 Positive response to thinning

258 The species that responded positively to the release were Inga acreana and Hyeronima asperifolia,
259  which had a greater diametric increment than their reference trees. Inga acreana showed a mean

260  growth of 1.13 cm + 0.72 over the whole study period, whereas the control trees only an increment
261  0f 0.56 cm + 0.47. The diametric growth of the released trees was not continuous, in which the

262  lowest increment was measured during the first year (1.01 cm + 0.81), which afterwards increased to
263 1.16 cm + 0.61 (second year) and finally to 1.22 cm + 0.78 (third year). For the reference trees a more
264  constant growth was observed, but also with the lowest increment during the first year, which is
265  due to the initiation time of the investigation (June), because the main rainy season peaks and

266  concurrently lowest temperatures are observed [30,35]. This may have influence in the diametric
267  growth because highest DBH increments for all species were observed at the beginning of the year

268  when temperatures are highest as well as having sufficient rainfall occurs (Figure 3 and 4).
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269 The released trees of Hyeronima asperifolia showed a mean growth of 0.63 cm + 0.64 over the
270  whole study period, whereas the control trees only had an increase of 0.35 cm + 0.36 (Table 3).

271 Similar to Inga acreana, the diametric growth of Hyeronima asperifolia increased during the

272 observation period, which resulted in the highest increment of growth during the third year (0.76
273 cm+0.53). However, the diametric class of released trees had significantly influenced because

274  smaller trees showed a higher DBH increment. For Inga acreana increments were only observed for
275  Class I (diameter: 20.1 cm to 30 cm), whereas Hyeronima asperifolia showed increments in all Classes,
276  but which higher values for the Classes I - III (Table 4). As show in Table 5, the liberation of the two
277  species had significant influence in the enhanced diametric growth, but also the temperature

278  (Figure 3), precipitation (Figure 4) as well as diametric class, which especially holds true for

279  Hyeronima asperifolia.

280 In summary, both species showed higher diametric growth compared to their control trees
281  during the whole study period, which illustrates the expected effects of liberation, improving the
282  light and nutrient availability, which leads to a faster DBH growth.

283 3.2 Negative response to thinning

284 The species with a negative response to liberation were Cedrela montana, Tabebuia chrysantha,
285 Podocarpus oleifolius and Nectandra membranacea. All these species showed significant lower

286  diametric growth respective to their control trees, especially during the second and third year after
287  liberation (Table 3). The species with most significant differences were Cedrela montana (1.16 cm +
288  1.21vs. 0.87 cm * 1.24), followed by Nectandra membranacea (0.44 cm + 0.62 vs. 0.26 cm + 0.32),

289  because light and nutrient availability is not the main factor for DBH increments; more important
290  were temperature and precipitation, as shown in Table 5. However, like the two species which
291  responded positively to liberation, the highest DBH increments were observed for the diametric
292 classes I -III. Only Tabebuia chrysantha showed small increments in class IV (diameter over 50 cm)
293 during the whole study period (Table 4).

294
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Table 3. Average annual diameter increase. Values highlighted are statistically significant.

Treatment Treatment x Period
SPECIES Control Liberated ! I m
Control Liberated Control Liberated Control Liberated

X Sd x Sd x Sd x Sd x Sd x Sd x Sd x Sd
Inga acreana 056 047 113 072 | 043 036 101 081 064 036 116 061 0.63 066 122 0.78
Hyeronima asperifolia 035 036 062 054 | 026 034 044 058 041 039 067 046 038 034 076 0.53
Cedrela montana 116 121 087 124 | 120 123 093 138 125 1.02 098 155 1.03 132 070 0.63
Tabebuia chrysantha 027 034 021 041 | 016 021 028 062 032 032 021 028 033 045 012 015
Podocarpus oleifolius 015 026 014 046 | 009 019 019 068 016 032 019 035 021 026 005 0.13
Nectandra membranacea 0.44 062 0.26 032 | 025 030 026 028 034 043 025 030 076 090 027 038
Clusia ducuoides 010 016 010 021 | 011 o015 010 015 0.06 010 007 018 012 020 013 0.29
Hyeronima moritziana 012 023 017 022 | 010 020 012 016 003 006 019 027 025 031 020 0.20
Ficus citrifolia 1.11 1.04 1.09 122 | 112 092 1.06 121 131 137 115 132 087 0.69 107 118

3
)
E
=
=
(2]
=
=
=
=
)
o
§
@
=
=
=z
@]
_|
U
[
M
5
2y
m
<
=
m
@)
U
o
2
®
=L
N
o
O
2
o
o
@
)
o
=
©

TA'0¢90°0T8T0¢SIUlIARI0/7760C° 0T 10P



http://dx.doi.org/10.20944/preprints201810.0620.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 October 2018 d0i:10.20944/preprints201810.0620.v1

302  Table4.
Period 1
Species Class 1 | Class 2 ‘ Class 3 | Class 4
Control | Liberated ‘ Control | Liberated ‘ Control ‘ Liberated ‘ Control ‘ Liberated
Inga acreana 0.43 1.01 0.00 0.00 0.00 0.00 0.00 0.00
Hyeronima asperifolia 0.48 0.45 0.15 0.43 0.15 0.78 0.04 0.10
Cedrela montana 1.01 0.81 1.39 0.47 1.36 1.50 0.00 0.00
Tabebuia chrysantha 0.28 0.72 0.14 0.11 0.15 0.07 0.08 0.23
Nectandra membranacea 0.16 0.34 0.27 0.17 0.31 0.17 0.00 0.00
Podocarpus oleifolius 0.17 0.12 0.07 0.02 0.03 0.42 0.00 0.00
Ficus subandina 1.00 0.88 1.24 1.25 0.00 0.00 0.00 0.00
Clusia ducuoides 0.13 0.15 0.06 0.08 0.13 0.08 0.00 0.00
Hyeronima moritziana 0.12 0.18 0.11 0.06 0.00 0.00 0.00 0.00
Period 2
Inga acreana 0.64 116 0.00 0.00 0.00 0.00 0.00 0.00
Hyeronima asperifolia 0.45 0.73 0.43 0.67 0.35 0.83 0.00 0.46
Cedrela montana 1.20 0.96 1.31 0.65 1.25 1.33 0.00 0.00
Tabebuia chrysantha 0.37 0.44 0.32 0.12 0.19 0.14 0.42 0.13
Nectandra membranacea 0.35 0.41 0.20 0.08 0.46 0.08 0.00 0.00
Podocarpus oleifolius 0.08 0.10 0.06 0.04 0.33 0.42 0.00 0.00
Ficus subandina 1.35 0.96 1.27 1.33 0.00 0.00 0.00 0.00
Clusia ducuoides 0.07 0.06 0.11 0.05 0.00 0.08 0.00 0.00
Hyeronima moritziana 0.05 0.25 0.03 0.13 0.00 0.00 0.00 0.00
Period 3
Inga acreana 0.63 1.22 0.00 0.00 0.00 0.00 0.00 0.00
Hyeronima asperifolia 0.49 0.82 0.20 0.78 0.44 0.86 0.00 0.57
Cedrela montana 0.99 0.74 1.06 0.64 1.00 0.73 0.00 0.00
Tabebuia chrysantha 0.47 0.09 0.16 0.15 0.10 0.06 0.59 0.18
Nectandra membranacea 0.37 0.50 0.56 0.05 1.34 0.05 0.00 0.00
Podocarpus oleifolius 0.11 0.16 0.20 0.00 0.30 0.00 0.00 0.00
Ficus subandina 0.86 1.18 0.88 0.95 0.00 0.00 0.00 0.00
Clusia ducuoides 0.13 0.15 0.09 0.05 0.14 0.18 0.00 0.00
Hyeronima moritziana 0.30 0.20 0.17 0.20 0.00 0.00 0.00 0.00
303
304 3.3 Null response to thinning
305 Species that did not showed significant response to liberation (neither positive nor negative)

306  were Hyeronima moritziana, Clusia ducuoides and Ficus citrifolia, which indicates that other aspects
307  have more influence in the diametric growth of these species. The diametric growth of Hyeronima
308  moritziana (0.12 cm + 0.23 vs. 0.17 cm + 0.22) and Clusia ducuoides (0.10 cm + 0.16 vs. 0.10 cm + 0.21)
309  were generally low (liberated trees and control trees) over the complete study period, but which

310  generally highest DBH increments during the third year. In contrast, Ficus citrifolia (1.11 cm + 1.04
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311  vs.1.09 ecm + 1.22) showed generally higher DBH increments, especially during the first two years
312 under study. This high DBH increments of Ficus citrifolia can be related to the significant influence
313 of temperature and precipitation for its diametric growth, which is secondary for the other two

314  species (Table 5). Respective to the diametric classes, the three species had the highest increments in

315 class I and class II. Only Clusia ducuoides also showed small DBH increments in class III (Table 4).
316
317
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329  Figure 4. Diametric increase of the nine species studied, by period with respect to the release and monthly cumulative precipitation.
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335 4. Discussion

336 Historically the trees growth has been modeled based on different classification criteria, the
337  most common have been the taxonomic affinity, ecological guild they belong to the species, similar
338  growth dynamics, even different statistical approaches [18] and different models to interpret the
339  growth and performance of different types of forest plantations whether in biodiverse tropical

340  forests [48]. Natural tropical forests of Ecuador have been monitored for several decades [49] re
341  measurements are continuous over time, considering only the influence of climatic factors affecting
342 the entire forest.

343 Although the study area corresponds to tropical mountain zone, there is a marked temporality
344 interms of temperature and precipitation, which evidently causes different physiological responses
345 in Cedrela montana and Tabebuia chrysantha, that interrupt the cambial activity simulating a

346  dormancy period like a temperate climate zones [50] a phenomenon that directly affects the

347  diametric growth of these species, the formation of rings of growth corroborates this situation of
348  temporality [51].

349 Monitoring of forest growth and particular species based on experimentation as adding
350  nutrients to the soil [28] or release of trees plus [15]. 2008), are topics that provide knowledge about

351  the effect of activities forestry and effectiveness when implementing experimentally.

352 In our study, we separate the 9 species monitored in three groups, the first group consists of
353 species that have responded positively to the release (Inga acreana and Hyeronima asperifolia), species
354  responded negatively (Cedrela montana, Nectandra membranacea, Podocarpus oleifolius, Tabebuia

355  chrysantha) and species responded neutrally (Hyeronima moritziana, Clusia ducuoides, Ficus citrifolia).

356 Inga acreana and Hyeronima asperifolia respond positively to thinning. For Inga acreana difference
357  between treatments is obvious. The species of genus Inga are considered as medium-sized and

358 shade intolerant according to [52], while according [18], some species of the genus are considered
359  shade intolerant or moderately shade tolerant, Inga acreana grows and thrives best in relatively open
360  and light areas, being so, the effect of thinning improves conditions diameter growth, corroborating
361 the benefits of thinning for this species [15, 53, 54]. Not finding individuals in larger diameter

362  classes, only individuals between 20 -30 cm DAP discussed in this first phase (36 months), and there

363  isno data on the growth behavior in larger diameter trees.

364 Liberated trees growth averaged more than the control trees, plus show a marked seasonality in
365  rainfall and temperature being the period from January to June which presents highest average
366  precipitation. In Inga acreana the effect of the two climatic variables are minimized in respect to the

367  effect of thinning on individuals of the species and show no significance in the model.

368 In Hyeronima asperifolia the response of trees to liberation is positive. [12] refer to the liberation
369  based on thinning as a valid method for increasing the growth and yield of selected trees. Likewise,
370  [15], assert that Hyeronima asperifolia has an interesting early response, although the difference

371  between the thinned trees and control trees, is not significant in this period. Reference trees grew
372 more are in Class III 20-30 cm dbh, while the trees that grew released were larger Class V (40-50 cm
373 dbh), according to [40] what happens with the trees of timber species after implementing various

374  treatments (including refining and selective harvesting) is that trees released are those with the
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375  greatest increase (0.39 and 0.71 cm / yr) and (0.47 cm / year and 0.86 cm / yr). Liberated trees creates
376  better conditions of light, resulting in a diametric increase, [21] in the Brazilian Amazon found that
377  there are significant differences in diameter growth of larger trees an event also ratified by [6]

378  which determine the pattern of growth in diameter is strongly dependent on the size of the tree.

379 The growth of Hyeronima asperifolia in both treatments shows a significant decrease in June of
380  each period, with a recurring pattern not only in this species, but found in other species in the same
381 area, studied by [53]. Despite being a per humid area, there are seasons when the humidity

382  decreases, this being one of the processes who run, in many species, phenological processes such as
383  flowering and fruiting. In the analysis of growth, we include temperature, it turned out, the

384  temperature has a more immediate influence precipitation, as rainwater is usually stored for

385  relatively long periods in soil and is consumed by the plants according to their need while the

386  temperature is fluctuating and directly influences the plants, in this specific case, the increase in

387  diameter of the liberated trees coincides with increasing temperature.

388 In the next group of species released trees grow less than the trees control, i.e. the release of the
389  trees produced an inhibitory effect on diameter growth. [55] developed a hypothesis, which state
390 that the variation in the diameter growth of trees of certain species is related to two factors, the first
391  is the amount of light intercepted by the tree and the second is the density of the wood. The

392 expected result being an inverse relationship between growth and wood density of the species

393 studied, the result of his research he found that the correlation was higher between wood density
394  and growth that the correlation between growth and the amount of light intercepted. The three

395  species with market value are in this group, the four species have hard and dense wood; Tabebuia

396  chrysantha and Cedrela montana have defoliation.

397 Cedrela montana, is a deciduous species which forms growth rings in its trunk [39] and whose
398  defoliation is associated with the end of the wettest time and the start of the coldest season lasts
399  approximately 3 months (although the fluctuation is just 1.5 ° C in the season), the authors found
400  that the temperature is significantly correlated with cambial growth increases during the warmest
401  season January through April and decreases in the coldest months, a trend that matches the pattern
402  of growth that we find and showing that the release affects negatively and correlates with low air
403  temperature, especially in the study area, having the possibility that other climatic regional factors
404  produce changes in the pattern of growth. Regarding the growth of this species, [56] refer to the
405  slow growth of the species, both in Colombia and Ecuador.

406 The growth trend regardless of whether they were released or not, decline significantly. There
407  is a marked trend throughout the year and the release of individuals apparently affects the growth
408  process more than usual, since at this time the trees of this species begin a process of changing

409  leaves and flower production [39].

410 In the first year of monitoring [15] show that Cedrela montana responds negatively to the release.
411  The same pattern is observed over the first three years and as was said above, if the growth of the
412 species is associated with the seasonality of precipitation and temperature, thinning will not

413 positively affect the species that has marked seasonality in their physiological processes.
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414 Tabebuia chrysantha is also a deciduous species [39], time where defoliation begins coincides
415  with the beginning of the driest season starting June. Released trees and control trees slow growth
416  inJune, time in which according to [57] begins production of new leaves and flowers, using all

417  resources to perform these two physiological stages, leaving for later a growth phase coinciding
418  with the wettest season. The release does not fulfill an important role in the growth of the trees and

419  the recurring pattern of growth Tabebuia chrysantha is linked to the presence of precipitation.

420 In Podocarpus oleifolius the precipitation and release does not produce a significant effect on
421  growth, the opposite occurs, i.e.: control trees grow more than released trees. The growth peaks
422 seenin Figure 4, which belong to the trees released, did not differ significantly in the overall

423 average, the statistical model shows significant differences in terms of size (diameter class) of trees
424  released (p = 0.01 *), but the interaction between treatment and diametric class is not significant,
425  meaning that the release has a different answer depending on the initial diameter of the tree, but
426  does not produce significant positive effect. The growth of some species of the genus has been

427  studied, [58] determined that in Costa Rica the average annual growth in Podocarpus oleifolius var.
428  macrotachyus reached 1.7 mm, while in our study the annual average maximum was 0.21 mm, a fact
429  corroborated by [28] in which it refers to the slow growth of Podocarpus oleifolius in the same area of
430  study of this work.

431 In Nectandra membranacea, released trees grow less than the control trees, in the first period,
432  immediately after releasing the trees, there is a certain rise in trees released, a phenomenon which is
433 also cited by [15] in the following monitored periods showing more growth in the control trees than
434  the released trees. Precipitation is a factor that significantly influences the dynamics of growth of
435  the trees of this species, unlike the temperature has no significance in the model. In the initial

436  period from January to June is where the trees grow in both treatments, in the second semester

437  growth is lower.

438 In Ficus citrifolia, temperature and precipitation are significant factors in the growth of trees. In
439  the first two periods the control trees have the highest average growth, while in the last monitoring
440  period coinciding with seasonality of temperature and precipitation trees released show a blunting

441  growth that is not significant with respect to total for the period.

442 In Clusia ducuoides precipitation and temperature have no significant effect on diameter growth
443 of trees. In the first evaluation made by [15] note a minimum difference in growth of control trees

444 contrasting with the trees released.

445 In Hyeronima moritziana, as in previous species, the release does not significantly influence the
446  diametric increase. Neither precipitation nor temperatures are significant when analyzing the

447  difference in diameter growth of trees. There are no significant differences in the diameter growth
448  of the control trees in relation to the released trees, nor growth peaks that coincide with the

449  seasonality of precipitation or temperature, a behavior that is shown in some of the species studied.

450 5. Conclusions

451 We conclude that release potentiates the growth of timber species that do not defoliate and

452 considered semi-tolerant on shade, of between 20-30 cm DAP.
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453 Precipitation and temperature affect all species of the forest, but in the defoliate species, it would
454  notbe convenient to release them or at least the evidence of these first three years does not show clear

455 differences with control trees.

456 The increase in trees released are higher in the individuals of the first two diametric classes in
457  all species, this means that larger trees (ie older) release does not affect them in a positive way so

458  release should occur in the youngest trees.
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