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1 RESUMO

O escoamento pelo tronco (ETr) constitui um componente da particdo da precipitacdo e
contribui para a redistribuicdo localizada da &gua no ambiente florestal. Este estudo avaliou a
associacao entre caracteristicas morfoldgicas dos individuos, varidveis dendrométricas,
umidade medida no tronco e volume de ETr em uma floresta de terra firme no Amapa, Brasil.
Foram monitorados 52 individuos entre janeiro e setembro de 2023. O volume de ETr e as
varidveis dendrométricas foram descritos, e as associacdes lineares foram exploradas pelo
coeficiente de correlacdo de Pearson. A area da copa apresentou associacdo positiva com o
volume total de ETr (r = 0,371), enquanto a area basal (r = —0,305) e o CAP (r = —0,297)
apresentaram associacgdes negativas. A umidade medida no tronco apresentou associacao linear
muito fraca com o ETr (r = —0,039). Na descricdo por categorias de casca, individuos
classificados como casca lisa apresentaram maior volume médio observado, seguidos por
individuos com casca rugosa e escamosa. Esses padrdes sdo descritivos e devem ser
interpretados considerando a natureza observacional da amostra, a possivel dependéncia entre
observacdes e a auséncia de testes formais de comparacdo entre grupos.

Palavras-chave: Hidrologia florestal; Particdo da precipitacdo; Escoamento pelo tronco;
Morfologia vegetal.

PINHEIRO, L. P.; DAMASCENO, V. D. A;; TONELLO, K. C.; SILVA, CESAR de O.
F., BRAMORSKI, J.
STEM MORPHOLOGICAL CHARACTERISTICS AND STEMFLOW IN A TERRA
FIRME FOREST IN THE AMAZON (AMAPA, BRAZIL)

2 ABSTRACT

Stemflow (ETr) is a component of rainfall partitioning that contributes to the localized
redistribution of water in forest environments. In this study, associations between individual
morphological traits, dendrometric variables, stem moisture readings and stemflow volume in
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a terra firma forest in Amap4, Brazil, were evaluated. Fifty-two individuals were monitored
from January to September 2023. Stemflow volume and dendrometric variables were described,
and linear associations were explored using Pearson's correlation coefficient. Crown area was
positively associated with total stemflow volume (r = 0.371), whereas basal area (r = —0.305)
and circumference at breast height (r = —0.297) were negatively correlated. Stem moisture
reading showed a very weak linear association with stemflow (r = —0.039). In the descriptive
comparison by bark category, individuals classified as having smooth bark had the highest
observed mean volume, followed by those classified as having rough and scaly bark. These
patterns are descriptive and should be interpreted in light of the observational design, possible
dependence among observations and the absence of formal tests comparing groups.

Keywords: Forest hydrology; Rainfall partitioning; Stemflow; Plant morphology.

3 INTRODUCTION

In forest environments, incident
precipitation is redistributed by vegetation in
different components, including interception
losses, throughfall, and stemflow. Stemflow
(ETr) concentrates water and, potentially,
solutes at the base of individuals, resulting in
a spatially heterogeneous distribution of
precipitation on the soil (Levia; Germer,
2015; Carlyle-Moses et al., 2018). ETr
generation results from the interaction
between rainfall event characteristics, crown
area and architecture (Santos et al., 2020),
branch connectivity (Costa et al., 2025),
orientation of structural elements (Collet et
al., 2011), and trunk and bark surface
properties (Germer; Werther; Elsenbeer,
2010). Intensity, duration, volume, and
antecedent moisture conditions can alter the
onset and magnitude of flow, whereas
roughness, wettability, storage capacity, and
slope can modify the continuity of flow
paths (Levia; Germer, 2015; Metzger). et al.,
2019; Tonello et al., 2021a, 2021b).

The variables evaluated in this study
represent  distinct  structural  levels:
precipitation and atmospheric humidity are
variables of the event or environment; crown
area and architecture represent the potential
interception surface; DBH, height, basal
area, and inclination describe the individual,
and bark texture and moisture reading
represent characteristics of the trunk surface

(Jana; Dasgupta; Todaria, 2021). Visual bark
classification is a morphological indicator
and does not, by itself, equate to a direct
measure of roughness, absorption, or
wettability (Keim; Tromp -Van Meerveld;
McDonnell, 2006). The moisture measured
in the trunk should be interpreted as the
reading produced by the instrument used in
the study (Balieiro et al., 2023). It does not
automatically represent the internal water
status of the tree, which would require
specific physiological variables (Zhong et
al., 2022). A more restricted hydrological
hypothesis is that the antecedent condition of
the surface (Zhang et al., 2021) or the crust
may be associated with storage capacity
(Pinheiro; Ferreira, 2022) and the continuity
of flow paths (Xia; Liu; Luo, 2023).

Although previous studies have
linked ETr to canopy architecture, bark
properties, and precipitation characteristics
(Bredin) (et al., 2020), assessments
integrating dendrometric attributes, trunk
texture and inclination, and a moisture
measure in tropical upland forests of the
Brazilian Amazon, particularly in Amapa,
are still limited (De Lima; Tonello, 2023,
Tonello et al., 2021b). This gap is relevant
because the direction and magnitude of the
associations can vary across environments,
individuals, and rainfall events.

Figure 1 presents a general
representation of the hydrological cycle,
while the present study focuses on the local
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partitioning of precipitation and ETr (EPAL,
2023). The sampled area is located on the
campus of the Federal University of Amapa

in Macapa, and the results should be
interpreted on a local scale and within the
monitored period.

Figure 1. Schematic representation of the hydrological cycle stages.
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Source: EPAL (2023)

In the context of Amapa, terra firme
forests offer a relevant environment for
evaluating precipitation partitioning because
of their heterogeneous structure and the
occurrence of periods with different rainfall
conditions (Balieiro et al., 2023). Specific
studies on the association between
individual attributes and ETr in this region
are still needed. The literature indicates that
ETr can vary between individuals and
morphological categories (Husch, Beers,
Kershaw Junior, 2002; Levia, Frost, 2003;
Wang et al., 2008; Li et al., 2009; Levia). et
al., 2010; Lorenzon, 2011; Wang et al.,
2011; Kunert et al., 2019; Metzger et al.,
2019; Yin; Roderick, 2020; Morais et al.,
2021; Pinos et al., 2023) but also highlights
the importance of controlling for or
considering  the  characteristics  of
precipitation events (Tonello et al., 2021a).
Thus, differences in observed volume should
not be interpreted as measures of efficiency

< CONDENSAGAO

EVAPOTRANSPIRAGAO

EVAPORAGAO

without a metric normalized by incident
precipitation and, when pertinent, by canopy
area (Almeida; Ferreira; Coudel, 2023).

ETr is a pathway for water transfer to
the soil whose magnitude may be small in
relation to total precipitation, although its
spatial concentration may be relevant to the
local distribution of water (Oliveira et al.,
2011). Quantifying the volume alone does
not allow conclusions to be drawn about its
effects on infiltration, soil moisture, or
nutrient cycling (Levia; Germer, 2015; Pinos
etal., 2023). Physically, ETr results from the
redistribution of precipitation by the canopy
and branches, followed by the movement of
water over the trunk (Reid; Lewis, 2009).
Flow formation depends on rainfall
characteristics; the connections between
canopy elements; and the surface and
geometric properties of the trunk, including
storage, roughness, wettability, and
inclination (YYang; Shao; Wei, 2019).
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Among the individual attributes,
crown area may represent a relatively large
potential interception surface; DBH, height,
and basal area describe size; inclination may
alter the flow trajectory; and bark texture
may be associated with the retention and
continuity of runoff (Lima; Tonello, 2023).
The observed associations may also reflect
precipitation, atmospheric humidity, and
other event conditions (Tonello et al.,
2021b). Therefore, interpretation must
distinguish absolute ETr volume from
relative measures, such as the proportion of
precipitation converted to ETr (Almeida;
Ferreira; Coudel, 2023).

The study was conducted in a
specific area of upland forest on the campus
of the Federal University of Amapa in
Macapa. This local scale allows for the
description of exploratory patterns at the site
and during the evaluated period, without
presupposing the representativeness of the
entire Amazon. Despite advances in the
literature, gaps remain regarding how
dendrometric and morphological attributes
are associated with ETr in the upland forests
of Amapa, especially when the possible
dependence between individuals, rainfall
events, and bark categories is considered
(Oliveira et al., 2008). Investigating these
associations can broaden the understanding
of the local partitioning of precipitation

(Liang; Kosugi; Mizuyama, 2009), provided
that the conclusions remain proportionate to
the observational design and the bivariate
analyses employed (Poudyal). et al., 2004).

Thus, in this study, the associations
between stem morphological characteristics,
dendrometric variables, trunk moisture
readings, and ETr volume in arboreal
individuals from a terra firme forest in
Amapa were evaluated. ETr volumes,
observed  differences  between  bark
categories, and correlations between ETr
and structural attributes were described. The
exploratory hypothesis was that crown area
would show a positive association with ETr
volume, that size attributes could show
linear associations with ETr, and that bark
categories and inclination would be related
to distinct patterns of observed volume.

4 MATERIALS AND METHODS

The research was conducted in plots
of upland forestland (Figure 2) located on
the Campus of the Federal University of
Amapa (UNIFAP) in the municipality of
Macapa. The campus is situated on the
Josmar Chaves Pinto Highway, km 02, in the
Marco Zero do Equador neighborhood and
occupies an area of 906,722.44 m2,
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Figure 2. Map showing the location of the study area on the Federal University of Amapa
(UNIFAP) Campus in Macapa (AP), highlighting the data collection area.
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Fifty-two individual trees were
selected and monitored in plots of upland
forestland.

The selection considered the
presence of individuals with a DBH greater
than 15 cm, the possibility of installing the
collectors, and the variation observed in the
morphology of the trunks and crowns
(Lorenzon; Dias; Tonello, 2015).

Individual taxonomic identification
and sample distribution by species are not
included in the presented database and,
therefore, were not used as analytical
variables.

For each individual, dendrometric
variables, including the circumference at
breast height (CBH), height, basal area, and
crown projection area, were measured.

The diameter at breast height (DBH)
was obtained from the circumference at
breast height (CBH), and the individual
basal area was calculated from the DBH

140°0°0,00"E 180°0'0,00"
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—— Sistema de Referéncia de
Coordenadas Geograficas
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(Yang et al., 2017) according to the equation
presented below.

DAP === 1)

From this value, the individual basal
area was determined by the expression:

2

AB; ==L ()

This procedure is widely used in
forest inventories and constitutes a
fundamental metric for estimating the
density and productivity of forest formations
(Husch; Beers; Kershaw Junior., 2002; Yang
et al.,, 2017). The crown area (A) was
calculated from measurements of the
projected branch length from the center of
the trunk to the tip, taken in four orthogonal
directions (90° to each other). These
measurements were used to form four
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triangles whose individual areas were
determined by the following equation:

a b sen90
Atriangulo = > (3)

where a and b represent two consecutive
projections of the tree canopy. Considering
that the sine of 90° is equal to 1, the equation
can be simplified to the following equation:

ab
Atriangulo =75 (4)

The total crown area (A)
corresponded to the sum of the areas of the
four triangles formed. This procedure is
adopted in forest mensuration studies and
structural crown analyses, aimed at
estimating competition, solar radiation
interception, and hydrological processes
(Herndndez Ramos; Reyes Hernandez;
Beltran Rodriguez, 2022; Husch; Beers;
Kershaw Junior, 2002). The morphological
characterization of the trunk was performed
by visual inspection, and the bark texture
was classified as smooth, rough, or scaly

Figure 3. (a) Op

Source: Authors (2025)

Readings of trunk moisture and
relative air humidity were collected. For this
purpose, a digital penetration moisture meter
(Moisture Meter) was used for the trunk

(Schober; Boer; Schwarte, 2018). The trunk
conformation was recorded as erect or
inclined.  These  classifications  are
observational morphological indicators and
do not replace continuous measurements of
roughness, inclination, absorption, or
wettability.

Total precipitation and stemflow data
were collected from January to September
2023. Observations were organized by
collection period, and ETr volume was
treated as an absolute response variable.
Precipitation was quantified using a manual
rain gauge installed in an open area without
vegetation cover near the study area (Figure
3a). The equipment was made with PVC
pipes and fittings, following models
described in the literature (Borges et al.,
2011).

ETr was measured using collectors
attached directly to the individuals (Figure
3b). The collectors were molded with
expanding polyurethane foam around the
trunk, directing the water to collection
containers. The collected volume was
measured in the field using a 1,000 mL
graduated cylinder.

ai reipt tionl( Irin gau e;(vb trunk roIIctor

(Figure 4a), and a TASI TA8171 digital
thermohygrometer was used for relative
humidity and air temperature (Figure 4b).
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Figure 4. (a) Digital penetration moisture meter; (b) digital thermohygrometer (model TASI

TA8171)

Source: Authors (2025)

Moisture readings were treated as an
instrumental indicator of trunk health,
without direct interpretation of the internal
water content.

After collection, the data were
tabulated in spreadsheets using Microsoft
Excel. Pearson's correlation coefficient (r)
was used to explore linear associations
between ETr volume and quantitative
variables. The coefficient ranges from —1 to
+1 and describes the direction and intensity
of the linear association. The analyses are
bivariate and exploratory; no formal tests of
comparisons between shell categories, p
values, confidence intervals, treatment of
dependence between repeated measures, or
simultaneous control of precipitation event
characteristics were presented.

5 RESULTS AND DISCUSSION

During the sampling period,
precipitation and ETr volumes were
recorded on a monthly scale. The conversion
of these volumes into a percentage of total
precipitation is not presented in this version
because the calculation depends on the
confirmation of the units, the reference area,
and the statistical unit adopted (Van Stan 1l
et al., 2011). Synthesis studies indicate that
ETr often represents a small fraction of

precipitation in forests, although it can
concentrate water at the base of individuals
(Levia; Germer, 2015; Carlyle-Moses et al.,
2018). The volume observed in this study
should be interpreted as a measure of
localized water transfer, without inferring
subsequent effects on soil or vegetation
(Goldstein et al., 1998).

In Amazonian upland forests, the
magnitude of ETr can vary with vegetation
structure, precipitation characteristics, and
local conditions. These sources of variation
need to be considered together when
interpreting the associations between
individual attributes and ETr volume.
Quantifying ETr allows us to describe its
contribution to precipitation partitioning at
the studied site. The relevance to nutrients,
infiltration, soil moisture, or other ecological
processes remains a hypothesis for studies
that directly measure these responses. The
results from other environments also show
variations in ETr among trees and rainfall
events. Comparisons between studies should
consider differences in units, temporal
scales, contributing areas, vegetation
compositions, and collection protocols
(Hernandez-Ramos et al., 2022).

ETr volumes varied from January to
September.  Quantitative  comparisons
between the two components require unit
auditing and normalization calculations. ETr
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can concentrate water near the base of the
trunks, but the data presented do not allow
quantification of the spatial distribution of

this water, infiltration, soil moisture, or
nutrient flux. These consequences should be
evaluated in specific studies.

Figure 5. Monthly variation in total precipitation volume (mL) and stemflow (mL) between

January and September 2023
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The highest monthly precipitation
volume was recorded in April 2023, with
9,375 mL, and the lowest was recorded in
August, with 1,105 mL, according to the
records presented. This variation describes
the monitored period and is not sufficient by
itself to characterize an annual seasonal
cycle. The highest monthly ETr volume was
observed in January, at 1,577 mL, while the
lowest was recorded in August, at 241 mL.
The relationships between these volumes
and precipitation should be interpreted as
descriptive temporal associations since the
intensity, duration, and number of events
were not analyzed separately. The monthly
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variation is consistent with the possibility
that the characteristics of the precipitation
events contributed to the observed volumes;
however, without data on intensity, duration,
and antecedent rainfall, it is not possible to
attribute the monthly differences to a single
cause.

Table 1 presents the average monthly
ETr volumes by bark category.
Descriptively, individuals classified as
having smooth bark presented the highest
values in most months, followed by those
classified as having rough bark and scaly
bark.
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Table 1. Monthly averages of stem flow (mL) between January and September 2023,
considering different bark types (smooth, rough, and scaly).

Bark Jan. Feb. sea. Apr.

May. June July. Aug. set.

Rough 1,494

Lisa 2.123

Scaly 803 309 291 497

1.064 806 907

1,469 1.149 1,596

972 836 685 196 708
1631 824 1.055 495 577

547 347 234 40 588

Source: Authors (2025)

Between January and March, the
highest volumes were observed in all three
categories, with the smooth bark category
standing out in January and February. This
pattern may reflect a combination of rainfall
event characteristics and  differences
between sampled individuals. From April
onward, the monthly volumes decreased in
the presented categories, especially in the
scaly bark category. As no formal test was
performed between categories or between
months, the description should not be
interpreted as a statistically significant
difference. Between June and August, the
volumes were lower in all categories. The
interpretation of these differences should
consider recorded precipitation and the
possibility that absolute volume, tree size,
and crown area are confounded. In
September, an increase was observed
compared with that in August. This pattern
may be related to the conditions of the period
and rainfall events but does not allow us to
conclude physiological reactivation,
adaptation, or the effect of trunk moisture. In
summary, the bark categories presented
different average volumes, as shown in
Table 1, with higher values for individuals
classified as smooth bark. Without
taxonomic identification, comparison tests,

and control of event variables, it is not
possible to attribute this pattern exclusively
to bark texture.

Tables 2 and 3 show the structural
variation of the sample. This variation helps
to contextualize the correlations presented in
the following tables, which should be
interpreted as bivariate associations and not
as independent effects of the attributes. The
sampled individuals showed variation in
their dendrometric and morphological
characteristics. The DBH ranged from 19.0
to 116 cm, the height ranged from 3.0 to 24.7
m, and the crown area ranged from 2.92 to
68.21 m?, as shown in Tables 2 and 3.

These values describe heterogeneity
among the individuals analyzed. The rough
bark category was predominant, followed by
the scaly and smooth categories. The
categories are visual classifications and can
group individuals with different physical
surface properties and different taxonomic
identities (Germer et al., 2012). Most
individuals were classified as upright, and a
smaller portion were inclined. As inclination
was recorded in categories, the table
describes the observed conformations
without quantifying the angle or testing its
independent association with ETr (Ford et
al., 2004).
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Table 2. Individual dendrometric and morphological characteristics and total trunk flow of 41

sampled individuals.

Individual %’f‘nlj H(er'g)ht Ezfnsg I Cup (m?) Type of Bark Type of Stem Et (mL)
1 78 8.0 0.05 43.5 Scaly Erect 112
2 32 7.0 0.01 18.9 Rough Slanted 637
3 30 6.5 0.01 16.1 Rough Erect 2,300
4 30 6.5 0.01 6.2 Lisa Erect 881
5 40 5.0 0.01 2.9 Lisa Slanted 3.218
6 40 85 0.01 23.7 Rough Erect 1,816
7 22 5.0 0.00 4.8 Rough Slanted 687
8 19 5.0 0.00 11.1 Lisa Slanted 3.062
9 42 4.2 0.01 9.0 Lisa Slanted 968
10 58 7.5 0.03 55 Rough Slanted 534
11 53 7.5 0.02 34 Rough Slanted 362
12 45 7.5 0.02 34 Rough Slanted 2,276
13 34 6.0 0.01 6.6 Rough Slanted 1.058
14 34 6.5 0.01 9.0 Rough Slanted 980
15 30 6.0 0.01 7.3 Rough Erect 1.245
16 39 7.5 0.01 7.5 Rough Erect 739
17 39 6.0 0.01 14.4 Rough Erect 666
18 28 35 0.01 4.9 Rough Erect 1,360
19 28 6.0 0.01 8.6 Rough Erect 140

20 39 7.0 0.01 9.2 Rough Erect 604
21 32 55 0.01 13.8 Rough Erect 723
22 40 3.0 0.03 12.0 Rough Erect 226
23 44 5.0 0.02 7.1 Rough Erect 562
24 21 4.0 0.00 15.1 Lisa Tilted 587
25 25 4.0 0.00 16.8 Rough Erect 712
26 41 6.0 0.02 28.2 Rough Tilted 380
27 49 4.0 0.02 9.3 Rough Erect 362
28 61 12.3 0.03 11.8 Rough Erect 1.175
29 63 10.6 0.03 16.8 Scaly Erect 770
30 42 12.3 0.01 9.2 Rough Erect 1,499
31 94 14.1 0.07 34.6 Scaly Erect 246
32 44 12.3 0.02 111 Lisa Tilted 2,558
33 51 12.3 0.02 14.7 Lisa Erect 1,579
34 47 12.3 0.02 16.7 Lisa Erect 2,803
35 116 15.9 0.11 18.3 Scaly Erect 623
36 70 12.3 0.04 27.0 Rough Tilted 154
37 57 8.8 0.03 10.8 Rough Erect 352
38 95 15.9 0.07 311 Rough Erect 443
39 40 141 0.01 5.7 Rough Erect 875
40 45 12.3 0.02 5.7 Scaly Erect 627
41 60 24.7 0.03 174 Rough Erect 2477

Source: Authors (2025)
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Table 3. Characteristics of individual dendrometric and morphological measurements and total
trunk flow of 11 sampled individuals
CAP Height Basal

Individual (cm) (m) (m?) Cup (m?) Type of Bark Type of Stem Et (mL)

42 66 15.9 0.03 14.5 Rough Erect 709

43 94 10.6 0.07 68.2 Rough Tilted 197

44 76 15.9 0.05 21.6 Rough Tilted 228

45 60 15.9 0.03 12.3 Rough Erect 1,760

46 47 14.1 0.02 19.7 Lisa Erect 473

47 60 17.7 0.03 6.9 Rough Erect 920

48 67 14.1 0.04 28.4 Lisa Erect 830

49 40 14.1 0.01 37.8 Lisa Erect 178

50 46 15.9 0.02 9.6 Lisa Erect 90

51 60 15.9 0.03 15.3 Scaly Tilted 91

52 65 17.7 0.03 51.0 Scaly Slanted 220
Source: Authors (2025)

Table 4 presents the Pearson variables, including circumference at breast
correlation coefficients between total trunk height, basal area, crown area, and trunk
flow and the analyzed dendrometric moisture.

Table 4. Monthly average stem flow (mL) between January and September 2023, considering
different bark types (smooth, rough, and scaly)
Areafromthecup Areabasal CAP  Humidity of Trunk

Total drainage  0.371 -0.305 -0.297 -0.039
Source: Authors (2025)

The crown area was positively conduction. The weak association may
associated with the total ETr volume (r = reflect the nature of the measurement,
0.371). This result is consistent with the precipitation, and the time of the reading,
possibility that a relatively large crown is among other possibilities that require further
associated with a relatively large potential investigation. Taken together, the results
interception surface, but the correlation does indicate associations of different magnitudes
not allow us to distinguish absolute volume between structural attributes and the ETr
from efficiency or demonstrate a causal volume. Crown area was positively
mechanism. The basal area (r =—0.305) and correlated, DBH and basal area were
CBH (r = -0.297) were negatively negatively correlated, and moisture readings
associated with the ETr volume. As CBH were weakly correlated. The absence of p
and basal area describe related trunk values and confidence intervals limits the
dimensions, their coefficients should not be assessment of the precision and statistical
interpreted as independent evidence of significance of these coefficients (Carlyle-
distinct mechanisms (Sousa, 2017). The Moses et al., 2018).
trunk moisture reading showed a very weak Table 5 presents the Pearson
linear association with the ETr volume (r = correlation coefficients between stemflow
—0.039). These results do not support and the dendrometric variables, considering
inferences  about internal storage, the different morphological characteristics
autoregulation, or physiological water of the bark.
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Table 5. Pearson correlation coefficients between the dendrometric variables and stem flow
(mL) according to different bark types (smooth, rough and scaly)

Correlation Bark rough Bark scaly Bark Lisa
ETr x CAP -0.216 0.011 -0.358
ETr x Area basal -0.514 0.127 0.044
ETr x Area from the -0.424 -0.522 -0.407

cup
ETr x Height 0.441 -0.706 -0.093
ETr x Humidity 0.409 -0.113 -0.419
from the bark

Source: Authors (2025)

The correlations by bark category
presented in Table 5 were calculated
separately and should be interpreted as
exploratory associations. The differences
between the coefficients do not, by
themselves, demonstrate that the categories
differ statistically. In the rough bark
category, negative correlations were
observed with basal area (r =—-0.514), DBH
(r = —0.216), and crown area (r = —0.424),
and positive correlations were observed with
height (r = 0.441) and moisture content (r =
0.409). These coefficients describe the
pattern of the subsample and do not allow
the ETr volume to be attributed to the bark
texture.

The associations observed in the
rough category may result from a
combination of size, crown, precipitation,
and unmeasured characteristics. Moisture
readings should also not be interpreted as a
direct measure of internal storage or
conduction efficiency. In the scaly category,
stronger  negative  associations  were
observed between ETr and height (r =
—0.706) and between ETr and crown area (r
= —0.522). These results may reflect the
specific composition of the subsample, the
number of individuals, and the combined
influence of structural and precipitation
variables. DBH (r = 0.011), basal area (r =
0.127), and moisture reading (r = —0.113)
showed associations close to zero in this
category.

In the smooth category, negative
associations were observed between ETr and
crown area (r = —0.407), DBH (r = —0.358),
height (r = —0.093), and moisture reading (r
= —0.419). These coefficients describe the
subsample and do not demonstrate greater
conduction  efficiency. The negative
association with moisture readings may be
compatible with different explanations,
including instrument  characteristics,
measurement time, antecedent precipitation,
and nonlinear relationships. The available
data do not allow us to select a mechanism
among these possibilities.

The magnitude and direction of the
correlations varied among the categories.
This variation may reflect differences in
sample composition, crown structure, size,
and rainfall event conditions, as well as the
visual classification of the bark itself. Thus,
the tables describe patterns of association
between morphological categories and ETr
volume. Interpreting the bark as a
determinant of the process or as responsible
for nutrient fluxes requires further analysis
and measurements.

The correlation coefficients between
stemflow and the dendrometric variables for
the different types of trunks are presented in
Table 6. The interaction between trunk
geometry and bark properties may be
relevant to flow, but it was not tested in this
study. This possibility should be presented
as a hypothesis, without treating it as a
demonstrated mechanism.
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Table 6. Pearson correlation coefficients between the dendrometric variables and trunk flow
(mL) considering different trunk conformations (erect and inclined).

Correlation Bark rough Bark scaly
ETrx CAP -0.170 -0.472
ETr x Basal area -0.234 -0.529
ETr x Area of the canopy -0.252 -0.439
ETr x Height 0.325 -0.212
ETr x Shell moisture 0.060 -0.000

Source: Authors (2025)

In Table 6, the coefficients presented
for the indicated categories show
predominantly weak associations between
ETr and the dendrometric variables. Since
the correspondence between the table
headings and the trunk conformation
categories needs to be confirmed, the values
should not be interpreted as a validated
comparison between erect and inclined
trunks. Among the coefficients presented,
the association with moisture reading was
close to zero (0.060 in one category and -
0.000 in another). The values for DBH, basal
area, crown area, and height should also be
read as associations within the reported
categories, without causal conclusion or
inference of significance. Inclination may
alter the surface trajectory of water, but the

table and the available method do not allow
for independent evaluation of this
mechanism. This interpretation should
remain a hypothesis for studies that measure
the angle and control for precipitation,
crown, size, and taxonomic identity.

The monthly variations in relative air
humidity (%) and temperature (°C) in a terra
firme forest area from January to September
2023 are shown in Figure 6. In general, the
results indicate distinct associations between
ETr volume and structural attributes in the
analyzed categories. The magnitude of these
associations is variable, and the absence of
formal tests, p values, confidence intervals,
and repeated measures limits the strength of
the conclusions.

Figure 6. Monthly variations in relative air humidity (%) and air temperature (°C) between

January and September 2023
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The relative air humidity was high
during part of the monitored period, while
the temperature varied between months.
These observations describe the recorded
atmospheric conditions and do not, in
isolation, allow the establishment of a causal
relationship with ETr. The temperature
remained relatively stable between January
and July, with a maximum recorded
temperature of 41.5 °C in August. This value
differs from the range observed in other
months and should be verified regarding the
sensor, shelter, time of day, and number of
observations before receiving an ecological
interpretation. The inverse relationship
between temperature and relative humidity
observed throughout the months is a

description of the presented series.
Characterizing seasonality would require a
complete annual period and an appropriate
temporal analysis. Atmospheric conditions
may follow the variation in precipitation and
ETr, but the available data do not allow for
separation of their effects. Physiological
processes such as sap flow, water potential,
or internal storage were not evaluated.

The monthly variations in stem
moisture and ETr volume are shown in
Figure 7. The relationship between the series
should be described as a temporal pattern,
not as an inversely proportional relationship,
until the coefficients per period are
presented.

Figure 7. Relationships between trunk moisture (%) and trunk flow volume (mL) during the
monitored months, highlighting correlation patterns.
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The monthly ETr and moisture
readings varied throughout the monitored
period. The overall correlation between
moisture readings and ETr was very weak (r
—0.039), although associations during
specific periods could be investigated in
future analyses. From February onward, the
monthly volume of ETr decreased, whereas
the moisture readings varied throughout the
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10%
JUNHO

JULHO AGOSTO SETEMBRO

reflect
of

months.  This  pattern  may

precipitation and  the  timing
measurements and does not allow for
inferences about internal storage or
physiological response. From May onward,
the moisture readings increased, whereas the
ETr remained lower in some months. The
divergence between the series reinforces the
need to distinguish instrumental stem cell
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readings from physiological variables and to
consider intensity, duration, and antecedent
precipitation. The literature describes ETr as
a component of precipitation partitioning
and as a potential pathway for localized
water transfer. In the present study, this
interpretation should remain limited to the

6 CONCLUSIONS

Under the environmental, sampling,
and temporal conditions of this study, the
volume of ETr varied between individuals
and the months monitored. The percentage
of ETr in relation to total precipitation is not
maintained in this version because it
depends on the confirmation of the units, the
reference area, and the corresponding
calculation.

Individuals belonging to different
bark texture categories presented different
average observed volumes, with higher
values for the smooth category. This
description does not demonstrate that bark
texture is a determining factor, especially
since taxonomic identity was not recorded
and no formal comparison tests were
presented.

Crown area was positively associated
with ETr (r = 0.371), whereas DBH (r =
—0.297) and basal area (r = —0.305) were
negatively correlated. Trunk moisture
reading showed a weak linear association
with ETr (r = —0.039), not providing
sufficient evidence to support a direct
relationship between these variables under
the evaluated conditions.

The observed associations should be
interpreted in  conjunction with  the
characteristics of the precipitation events.
This study has several limitations, including
the absence of individual taxonomic
identification, the predominant use of simple
correlations, the possible dependence
between repeated observations on the same
individual, the absence of formal tests

measured volume, without extrapolation to
infiltration, nutrients, or the ecosystem’s
water balance. The increase in ETr in
September should be interpreted in
conjunction with the precipitation conditions
of the period.

between groups, and the measurement of
precipitation at a single point.

Future research should expand
sampling; identify individuals
taxonomically; record intensity, duration,
and antecedent precipitation; quantify bark
and crown properties; evaluate rainfall-
normalized  measures; and  utilize
multivariate or mixed-effects models. It can
also be used to investigate soil moisture, sap
flow, and nutrients associated with ETr.
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