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Epicormic branches are indicative of slow radial growth in Eperua falcata 

Aublet (Caesalpiniaceae), a canopy tree of French Guiana. 
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In the actual context of global changes, the vulnerability of tropical forests to extreme climatic 

anomalies was reported in many studies. Visual assessment of tree crowns has been employed 

in temperate environment to assess forest and individual tree response to air pollution and 

other stress factors. Crown assessment based on crown defoliation, is considered as one of the 

best indicator of tree vitality. In tropical forest, crown fragmentation in the canopy can be 

used to describe a growth decline and a relationship between architectural characters. Here we 

proposed to study the growth of Eperua falcata, a tropical canopy tree, using both 

architectural descriptors and epicormic branches. The aim of this study is to show that 

epicormic branches can be useful indicators of trees vigour and radial growth. Allometry of 

trees was analysed and a model of radial growth for Eperua falcata was proposed. Analyse of 

allometry showed that trees with epicormic branches tended to be smaller than individuals 

without for a same diameter. We demonstrated also that epicormic branches were 

significantly linked to a low radial growth. In conclusion, epicormic branches can be used as 

an indicators of slow vigor and may proposed in forest management to assign the tree that will 

form little biomass in the future. 
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1. Introduction 

 

Tropical forests are affected by recent 

climatic changes, increasing the CO2 in the 

atmosphere (Clark, 2007; Lewis et al., 

2009). Studies report increasing 

vulnerability of tropical forests to extreme 

climatic anomalies, such as droughts 

(Phillips et al., 2009; Clark et al., 2010). 

Increasing frequency and intensity of 

droughts is likely to affect all tropical 

forests (Neelin et al., 2006; IPCC, 2007) 

and thus enhanced tree mortality and 

carbon emission (Nepstad et al., 2004; 

Chave et al., 2008; Clark et al., 2010). 

Methods to assess the impact of extreme 

events at stand level have not been studied 

in tropical forests. In temperate forests, 

field methods have been developed for 

different cases. Among them, visual 

assessment of tree crowns has been 

employed in both Europe and North 

America to assess forest and individual 

tree response to air pollution and other 

stress factors (Innes, 1998; Aamlid et al., 

2000; Redfern and Boswell, 2004; 

Drobyshev et al., 2007). Crown assessment 

based on crown defoliation, is considered 

as one of the best indicator of tree vitality 

(Dobbertin, 2005). These methods, have 

provided to scientists and foresters tools to 



study the forest response to various 

stresses in temperate forests. These 

methods have been developped in managed 

forests and plantations where the number 

of tree species is low and crown 

morphologies are well known (but see 

Seydack et al., 1995). Dawkins (1958), 

Alder and Synnott (1992) proposed 

methodologies to concisely describe the 

crown forms, the crown position and liana 

infestation. In tropical forest, Rutishauser 

et al (2010) showed that field method 

which estimates crown fragmentation 

(main branches mortality (MB) and 

secondary branches mortality (SB)), liana 

infestation (LI) and crown position (CP) in 

the canopy can be used to describe a 

growth decline. Also in tropical forest, 

Nicolini et al (2003) describe a 

relationship between architectural 

characters and the growth, using epicormic 

branches rarely taken into account. 

The formation of epicormic branches 

(Walhenberg, 1950; Huppuch, 1961; 

Evans, 1987) or their persistence on the 

plant is often associated with stand 

thinning (Ward, 1966; Dale and 

Sonderman, 1984; Sonderman, 1985; 

Wignall and Browning, 1988), which leads 

to an increase exposure to light (“light 

suckers”, Fabricius, 1932; Cosens 1952; 

Kramer and Kozlowsky, 1979; Vogt and 

Cox, 1970; Evans, 1982 and 1987; Hibbs 

et al, 1989). Epicormic branches generally 

express a low level of secondary growth in 

comparison to primary growth (Nicolini et 

al, 2001; Nicolini et al, 2003).  In this 

study growth was aboard using the H:D 

ratio because trees were not followed and 

they had a diameter at breast height (dbh) 

lower than 10 cm. This parameter is not 

actually applied for the growth assessment 

of adult’s trees more than 10 cm dbh. The 

aim of this study is to show that epicormic 

branches can be useful indicators of trees 

vigour and radial growth. 

The study was conducted in French Guiana 

on Eperua falcata Aublet 

(Caesalpiniaceae), a widespread canopy 

tree for which a wealth of results are 

available with regard to tree architecture 

and height growth. 

2. Materials and Methods 

2.1. Study site 

 The study was conducted at the 

Paracou network (5° 18' N, 52° 23' W) on 

the coastal part of French Guiana. The 

forest is classified as lowland moist forest 

(terra firme). More than 550 woody 

species attaining 2 cm DBH (Diameter at 

Breast Height, i.e. 130 cm) have been 

described at the site, with an estimated 

160-180 species of trees ≥ 10 cm DBH per 

hectare. The dominant families at the site 

include Leguminoseae, Chrysobalanaceae, 

Lecythidaceae, Sapotaceae and 

Burseraceae. Within this family and the 

Tribe Detarieae, Eperua falcata (Aublet) 

(common name: Wapa) has been recorded 

as the most abundant tree, including non-

leguminous trees, in the “Piste de St. Elie” 

area. (Villadas et al, 2006). The site 

receives nearly two-thirds of the annual 

3041 mm of precipitation between mid-

March and mid-June, and less than 50 mm 

per month in September and October. Soils 

are relatively homogeneous with a 

dominance of ferralitic soils. The Paracou 

plot network consist of 15 permanent plots 

of 6.25 ha each (6 control plots and 9 

logged plots), in which all trees DBH ≥ 10 

cm have been mapped, tagged and 

measured biannually since 1991 (Gourlet-

Fleury et al., 2004). Dead trees are 

recorded as standing, fallen or broken.  

2.2. Tree selection and description 

The experiment was been performed on 

Paracou control plots 6 and 15 in 

September 2010. Crown assessment was 

performed on trees with DBH ≥ 10 cm (N 

= 329). The experimental trial consisted in 

the description of the architectural 

structure of each tree. The height, diameter 

at breast height (dbh) and the hypothetical 

presence of epicormic branches were 

measured. 



 

Figure 1: (Rutishauser et al, 2010): Crown fragmentation 

assessment in Tachigali melinonii. A:  Three dead main branches 

(■) out of height (●) (25 % < MB < 50 %); B. Schematic crown 
fragmentation assessment: (1) main branches mortality is 

evaluated (MB > 50 %) and (2) secondary branches is estimated 

in the remnant part (SB < 25 %). C. Schematic vertical 
projection of B. 

Crown fragmentation In the present 

study, we use an adapted method of crown 

assessment (Rutishauser et al, 2010) for a 

canopy tree: Eperua falcata. Most studies 

in temperate forests describe the 

percentage of crown transparency with 

reference to an optimal complete crown 

occupancy (Redfern and Boswell, 2004). 

However, in tropical evergreen forests, 

crown defoliation is mainly due to the loss 

of small secondary branches rather than 

leaf shedding. Overall branch mortality can 

be considered as the main process leading 

to crown fragmentation. Main branches are 

directly connected to the trunk, while 

secondary branches are hold by main 

branches. The proportion of dead main 

branches (MB) in the crown was estimated 

with regards to the total number of main 

branches. Dead main branches could still 

be present or identifiable by large scars 

(Fig 1 A & B). Secondary branches 

mortality (SB) is an estimation of the 

percentage of crown aperture relatively to 

optimal crown occupancy (Fig1 C & D). 

Crown fragmentation was visually 

described from the ground. Crown traits 

were scored on the same four-point scale 

(Tab 1). We used only four classes in order 

to increase reliability (Tab 1). 

Epicormic branches identification. 

Sequential branches are produced 

throughout tree development, within a 

short time period after the bearer growth 

unit has formed. The girth increment of the 

two types of axis (main stem and lateral 

axis) is harmonious, and therefore no bulge 

occurs at the base of a sequential branch. 

Both axes also show a bark of a similar 

colour and texture. Epicormic branches 

appear on old structures, several years after 

the bearer growth unit, and grow from 

latent buds that remained on the periphery 

of the stem, embedded just below the bark. 

Epicormic branches can be distinguished 

by the bulge formed at their base during 

growth and which is indicative of their 

superficial insertion on the stem. They also 

show a bark that is very different from that 

formed by the bearing stem. The part of 

epicormic branches was estimated in 

percentage of the whole foliar biomass 

(Figure PPT). 

As lianas were reported to negatively 

affect tree growth (Schnitzer and Bongers, 

2002; Villegas et al., 2009; Ingwell et al., 

2010), liana infestation was scored on the 

same four-point scale (method adapted 

from Wright et al., 2005) and introduced as 

a independent variable in the model. 

Crown position (CP) was estimated 

following the classification developed by 

Dawkins (1958, in Alder and Synnott, 

1992) (Fig 2) that provide a good 

estimation of crown illumination (Keeling 

and Phillips, 2007).  

 

Figure 2: Dawkin’s code 

The stage of development (ASD) 

was taken into account in these analyses 

and was estimated following the reiteration 

stage. Individuals A were not reiterated, B 

still have small branches but already 

reiterated, and C have more original 

branches (only big primary branches in the 

crown level) (Fig 3). 

A. B. C.



 

 

 

Figure3: Stage of development 
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EB 

(Epicorm

ic 

branches 
in %) 

0 absent absent 0 to 25 straight absent 

1 + + 26 to 50 80° 1 to 25% 

2 ++ ++ 51 to 75 >70° 26 to 50% 

3 +++ +++ 76 to 100  51 to 75% 

4  ++++   76 to 

100% 

Table 1: Architectural structure characters gathered. 

2.3. Individuals growth computation  

In order to determine whether crown 

assessment and epicormic branches 

efficiently affected growth, growth on the 

last 18 years (agr in cm) was computed for 

each tree from biannual diameter 

measurements (1991-2009).  

2.4 Statistical analysis 

Tree allometry  analysis 

The effect of stage of development and the 

presence of epicormic branches on the 

height vs. diameter ratio were tested with 

analyses of covariance. The stage of 

development and the presence of epicormic 

branches were treated as covariables. 

H i j k = µ +α i D + β j D + γ  i j D + a i + b j  

+ c i  j + ε i j k 

Where D is the dbh, i the stage of 

development (ASD), j the presence or the 

absence of epicormic branches on the stem 

(EB: p,a)  and k the individual considered. 

Radial growth modelisation 

The effect of each crown trait on growth 

was assessed throughout a analysis of 

variance. To account for the effect of 

ontogeny, we included the diameter in 

1991 over the growth period (1991-2009) 

in the model (Gourlet-Fleury and Houllier, 

2000). Fisher exact tests have been used to 

determine independence of variables. 

Epicormic branches, diameter in 1991, 

crown position (CP), secondary branches 

mortality (SB) and liana infestation (LI) 

were treated as independent variables. The 

effect of crown structure (SB, CP and LI), 

dbh in 1991 and epicormic branches (EB) 

on the growth was investigated through 

analysis of variance. 

Y i j k l m n o = µ + a  o D + b o  D² + c k+ d l + e m + f n 

+ g o + ɛ i j k l m n o 

Where k the presence of liana (LI), l the 

secondary branches mortality (SB), m the 

percentage of epicormic branches (EB), n 

the crown position (CP), and o the 

individual considered. Each predictive 

variable was selected trough a forward 

stepwise procedure and the model was 

selected with Akaike Information Criterion 

comparisons. Only significant variables 

were kept in the model. All analyses were 

performed using R software (v.2.8.1). 

Main branches mortality effect 

The primary branches mortality was 

deleted to compare the radial growth in 

function to the epicormic signs. Individuals 

with more than 50 % of epicomic branches 

were grouped and are represented by the 

sign 3.  

 

3. Results 

3.1. Tree allometry  analysis 

 

Figure 4: Plot of eight vs. diameter:D ratio for each 

stage of development. 

            A      B          C 



The stage of development had a 

significant effect on the origin and the 

slope. Epicormic branches have a 

significant effect only on the origin. The 

interaction between these two factors had 

no effect (Tab 3). Individuals with a 

development stage C and B grew 

significantly more in diameter than 

individuals A compared to the height (Tab 

2). This model assumed 46.65% of 

variance (R² = 0.4665). Analyses of 

residuals permitted validation of the 

model. 

Coefficients: Estimate Std. Error t value Pr(>|t|) 

(Intercept) 10.52682 5.66430 1.858 0.06403 

a b 4.02918 6.45939 0.624 0.53323 

a c 12.58781 5.77005 2.182 0.02987 * 

b p -9.38212 6.65301 -1.410 0.15946 

α a 0.40123 0.33487 1.198 0.23175 

α b 0.26237 0.11893 2.206 0.02809 * 

α c 0.06646 0.02328 2.855 0.00459 ** 

β p 0.44054 0.38356 1.149 0.25161 

c b p 8.37316 7.63890 1.096 0.27386 

c c p 8.89249 6.80367 1.307 0.19216 

γ b p -0.45365 0.40791 -1.112 0.26692 

γ c p -0.46116 0.38472 -1.199 0.23155 

Table 2: Estimate of parameters. 

 

 Df 
Sum 
Sq 

Mean 
Sq 

F value Pr(>F)  

ASD (origin) 2 2273.6 1136.8 106.7068 < 2.2e-16 *** 

EB (origin) 1 111.0 111.0 10.4226 0.001375 ** 

ASD (slope) 3 547.6 182.5 17.1342 2.453e-10 *** 

EB (slope) 2 1.4 1.4 0.1351 0.836264  

Interaction (origin) 1 3.8 1.9 0.1789 0.713457  

Interaction (slope) 2 15.3 7.7 0.7190 0.488044  

Residuals 317 3377.1 10.7    

Table 3: Results of ANCOVA. 

 

3.2. Radial increment  

Ontogeny effect 

Because ontogeny effect is generally 

efficient on growth we should analyse 

relationship between dbh and radial 

increment (Fig 5). 

Y = a x² + b x + ε 

Where x is the dbh in 1991. Parameters 

estimated by this model are a = - 0.00167 

and b = 0.142. 

 

Figure 5: Growth from 1991 to 2009 functions of dbh in 1991 

and curve of the growth model. 

Independence of variables 

Before considering which structural 

variables influenced the radial growth of 

Eperua falcata, we tested independence of 

variables. Results of Fisher exact tests 

revealed that the proportion of dead main 

branches (MB) and the two variables: liana 

(LI) and epicormic branches (EB) were not 

significantly independent (Tab 5, Annexe 

1). Therefore this variable was taken out 

for analyses of variance. 

 CA CP EB LI 

MC x x x x 

CA  0.3739 0.5193 0.04071  

CP   0.7948 0.1023 

EB    x 

Table 5: Results of Fisher exact test for each couple of variables. 

(x = incalculable values) 

Effect of tree localisation in the study area 

was not significant in radial growth (R² = 

0.0002788, p-value = 0.7622). So we 



coupled samples of the two different plots 

for analyses.  

Effect of ontogeny had been integrated to 

the model (like ai and bj) also it was not 

significant. Among all variables tested, 

only four had a significant effect on tree 

radial growth: the crown position (CP), 

liana (LI), the secondary branches 

mortality (SB) and epicormic branches 

(EB) (Tab 7)  

 

Figure 6: Boxplots of Growth functions of levels of respectively 

Epicormic branches, Crown aperture, Canopy position, Liana. 

 Overall, the variance explained by the 

radial growth models is 27% (R² = 0.2754) 

and score of Akaike information criterion 

is 1272.284. Crown position (CP) had a 

positive effect on radial growth whereas 

the secondary branches mortality (SB), the 

presence of epicormic branches (EB) and 

liana (LI) had a negative effect (Tab 7 and 

Fig6). Most significant effects were found 

in hight classes among all variables: SB3, 

EB3, EB4, CP2, CP3, LI2, LI3 and LI4 (Tab 

7).  Residuals followed a normal 

distribution (Fig 8). 

 

Table 6: Results of radial growth model. 

.  

Table 7: Estimation of each parameter of the model 

 

Main branches mortality effect (not 

statistical analize) 

It seems that more individuals are 

constituted of epicormic branches less they 

growth in diameter. This relation not 

depends on the primary branches mortality 

(Fig 7). 

                                                                               
Figure 7:Radial growth in function of the percentage of 
epicormic branches with a) MB<2 and  b) all individuals.  

For no main branches mortality, trees with 

epicormic branches seems to be taller than 

individuals without (Fig 8).  



 

Figure 8: Percentage of epicormic branches in function of the 

diameter at breast. 

4. Discussion 

4.1. Tree allometry analysis 

We have showed that trees with epicormic 

branches tended to be smaller than 

individuals without for a same diameter. 

The rare studies show the contrary 

phenomenon, but they were about young 

stage (Nicolini et al, 2003; trees<10cm 

DBH). Indeed, we have observed pretty 

much the same phenomenon for 

individuals of development stage A. In 

tropical environment, Nicolini et al, 2003 

revealed that trees with epicormic branches 

were rather dominated trees with high 

values of ratio H/D. Borman et al, 1965 

had demonstrated for pine that 

codominated and dominated trees favored 

primary growth than secondary because 

they were not able to make durable 

branches. So, we considered epicormic 

branches as an adaptation for branches 

loss. (Nicolini et al, 2001). We have two 

possible hypotheses. (1) First, All these 

results lead up to think that trees with 

epicormic branches could be precocious 

trees. These trees could precociously grow 

quickly in diameter than in height, as if 

there are no neighbours. In this case, 

epicormic branches could be a response to 

stress inducted by neighbouring 

competition so for the light latter. (2) A 

second hypothesis can be that we have 

observed partly headless trees (MB=3). 

Rutishauser et al, 2010 reveals that the 

probability of headless trees is more 

important for old Eperua. Dead of main 

branches could be associated with a loss in 

height. Since we found a link between 

epicormics and Main branch mortality, we 

may think that the lower height of trees 

with epicormics is mainly due to headless 

trees. 

4.2. Radial increment and 

environmental conditions (CP and 

liana) 

The crown position is known to act on the 

growth (Moravie et al, 1999). In the same 

way, lianas have a negative effect on 

growth like neighbours which intercept 

light. In Low CP (CP1, CP2) trees are 

generally thinner than trees in high CP 

(CP3, CP4 and CP5). This is mainly due to 

the trees privilege height growth rather 

than their radial growth (Borman et al, 

1965). In this situation living crowns are 

reduced and less branches. 

4.3. Radial increment and 

architectural conditions (SB, EB) 

An other parameter affecting significantly 

the radial growth is the main branch 

mortality (Rutishauser et al, 2010). Since 

the branches loss induces a loss of 

photosynthetic biomass and in return a loss 

in cambial production. The crown aperture 

and the main branches mortality negatively 

affect the radial increment. Rutishauser et 

al (2010) proved, as our results, that trees 

with high main branches mortality have 

also a low significant growth.  

We found also that epicormic branches 

were significantly linked to a low radial 

growth. However, we cannot say that the 

formation of epicormic branches induces a 

loss in cambial production. Our hypothesis 

is rather that the low growth induces the 

formation of epicormic shoots. We found 

in this study that there is a significant 

relationship between main branch 

mortality and epicormic branches. Indeed, 

Nicolini et al (2001) demonstrated that 

epicormic branches were structured for 

maintaining or regenerating an older or 

traumatized structure (storm, 

senescence…) so it is not surprising these 

parameters were linked. In order to allow 



the negative effect of main branches 

mortality on radial growth we observed 

graphically the relationship between 

growth and epicormic in trees undamaged 

(MB<2).  

We clearly demonstrated that epicormic 

branches were significantly linked with 

low radial growth. This fact demonstrates 

that trees with low radial growth have a 

higher propensity to form epicormic 

branches without being necessary a 

response to loss of main branch. A 

functional hypothesis is the hormonal 

status of the cambium functioning and 

producing auxin: the low the production of 

cambium the low is the production of 

auxin (by cambium). Since we know that 

auxin is an inhibitor of meristem activity. 

We may think that a relationship between 

cambium and latent meristem in the trunk 

exists.  

Epicormic branches are indicators of 

senescence, stress since all these events 

affect negatively the growth. They are 

indicators of slow vigor and they may be 

use in forest management to assign the tree 

that will form little biomass in the future. 
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Annexe 1: 

 

 

 

 

 CA CP EB LI 

MC 0.3074 (12) 0.2378 (12) <2.2 10^-16 (16) 0.005264 (16) 

CA  0.2994 (9) 0.4884 (12) 0.05035 (12) 

CP   0.7365 (12) 0.1347 (12) 

EB    0.05862 (16) 

Table 5: Results of Chi2 test for each couple of variables. 

 


