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Abstract 22 

Logging gaps could provide suitable conditions for enrichment plantation of timber species. 23 

However, there is little data on the long-term performance of planted species, particularly in 24 

Central Africa. In this study, we assessed the performance of 15 species planted in 198 logging 25 

gaps in a forest logging concession of South-Eastern Cameroon. A total of 2,304 trees were 26 

monitored for up to 14.3 years or 19 years. We assessed the influence of species, species guild, 27 

age and tree size on tree survival and growth using linear mixed-effects models. Survival rates 28 

varied across species, age and species guild. Five species (Detarium macrocarpum Harms, 29 

Erythrophleum suaveolens (Guill. & Perr.) Brenan, Terminalia superba Engl. & Diels, Baillonella 30 

toxisperma Pierre and Prioria oxyphylla (Harms) Breteler) had annual survival rates greater 31 

than the average, with more than 80% of the trees planted had survived after 14.3 to 19 years. 32 

On the other hand, all Entandrophragma cylindricum (Sprague) Sprague individuals had died 33 

after 14.8 years. Diameter and height growth also varied across species, age and guild. 34 

Terminalia superba had the highest diameter (16 mm.yr-1) and height (103 cm.yr-1) 35 

increments. Lovoa trichilioides Harms and B. toxisperma had diameter increments higher than 36 

2 mm.yr-1 while E. utile, L. trichilioides, E. suaveolens, E. angolense and Mansonia altissima 37 

(A.Chev.) A.Chev. had height increments higher than 15 cm.yr-1. This study thus recommends 38 

enriching logging gaps of South-Eastern Cameroon with a pioneer species, T. superba. The use 39 

of other species (e.g., B. toxisperma, E. suaveolens and D. macrocarpum) could only be 40 

considered if maintenance can be regularly carried out. 41 

Keywords: Forest concessions, logging gap, enrichment planting, tree performances, 42 

Cameroon, tropical silviculture 43 

44 
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1. Introduction 45 

In Central Africa, logging has focused on very few species for decades, with six species 46 

accounting for more than 80% of the total production (Ruiz et al., 2005; BAD-FRMi, 2018; 47 

Duhesme et al., 2022). Even if such selective logging has a limited impact on forest cover and 48 

biodiversity (Putz et al., 2012), the timber volume of exploited species has depleted through 49 

harvest cycles (Gourlet-Fleury et al., 2013). Several measures have been proposed to address 50 

this issue, including the promotion of lesser-known timber species as alternative timber 51 

resources (Horne, 2013; Karsten et al., 2014), and forest plantations to supplement the 52 

regeneration of exploited species (Schulze, 2008; Doucet et al. 2016; Brown et al. 2020; Ilunga-53 

Mulala et al., 2025). The latter option might additionally provide environmental services, such 54 

as carbon sequestration or the non-timber resources production for local communities 55 

(Cerullo and Edwards, 2019). 56 

Logging gaps could offer suitable conditions for tree planting in production forests 57 

(Schulze 2008; Negreros-Castillo and Mize, 2008; Ouédraogo et al., 2014; Fayolle et al., 2015; 58 

Schwartz et al. 2017a; Costa et al., 2021). They allow more light to reach the lower vegetation 59 

strata and could then create more favourable conditions for the regeneration of light-60 

demanding species (Jans et al., 1993; Numata et al., 2006; Swaine and Agyeman, 2008). As 61 

gaps are generally of limited size, not only pioneer species can regenerate within gaps but also 62 

mid-successional species (Brokaw, 1985), especially those that can tolerate moderate light 63 

levels. Although logging remove on average 1-2 trees per hectare every 25-30 years in the 64 

Congo Basin (FRMi, 2018), forest concessions covers wide area allowing large-scale 65 

enrichment activities. 66 
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The size of these gaps depends on many parameters, including the harvested species, 67 

topography and logging method. If reduced impact logging (RIL) practices are implemented, 68 

and this is mandatory in FSC-certified forest companies, the gap size is smaller than in 69 

conventional logging (Pena-Claros et al. 2008; Medjibe et al. 2011; Bonnell et al. 2011; Imai et 70 

al. 2012). In tropical forests, the average area of logging gaps is estimated at 270 m² but it can 71 

reach 544 m² (Schulze and Zweede, 2006; Doucet et al., 2009). By targeting large canopy trees, 72 

logging gaps usually creates larger gaps than those created by natural tree fall (Felton et al., 73 

2006; Karsten et al., 2013) whose average area ranges from 90 to 250 m² (Yamamoto, 2000). 74 

The enrichment of logging gaps faces the problem of identifying species that could 75 

successfully develop in this environment. Planted trees face three major challenges: (i) gap 76 

gradual closure (Beckage & Clark, 2003); (ii) competition from woody and herbaceous 77 

vegetation resulting from the germination of the soil seed bank, and the development of 78 

established seedlings (Makana and Thomas, 2005; Zébazé et al., 2023; Doucet et al., 2009; 79 

Malizia and Grau, 2008); (iii) wildlife damages, mainly by duikers and elephants (Nichols et al., 80 

1998; Howlett and Davidson, 2003; Makemba et al., 2022). Those factors reduce the growth 81 

and survival of planted trees (Toledo-Aceves and Swaine, 2008a; Rozendaal et al., 2020). 82 

Consequently, the selected species should be fast-growing, able to tolerate mid-light 83 

conditions once established and among the less palatable species. Other site-related factors 84 

may influence tree performance in the gaps (Ilunga-Mulala et al., 2025). The topography, for 85 

example, can influence soil moisture and the local microclimate (Baker et al., 2003; Agyeman 86 

et al., 2010) 87 

In the tropics, enrichment of logging gaps is not a new topic. The first experiments were 88 

conducted in Amazonia (e.g., Schulze, 2008; Keefe et al., 2009; Navarro-Cerrillo et al., 2011; 89 
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Schwartz et al., 2013; Schwartz et al., 2017b; Costa et al., 2021) and South-East Asia, with 90 

some promising results (e.g., Okimori et al., 2006; Sovu et al., 2010; Millet et al., 2013). In 91 

Central Africa, short-term (< 6 years) successes were reported for few species when 92 

competition was reduced by regular maintenance and the absence of large mammals (e.g., 93 

Doucet et al., 2009; Ouédraogo et al., 2014; Fayolle et al., 2015; Ilunga-Mulala et al., 2025).  94 

In most cases, the long-term monitoring of reforested gaps was limited to less than 5 95 

years (Ilunga-Mulala et al., 2025) because of its difficulties and associated cost (Akwasi Duah-96 

Gyamfi et al., 2014). Therefore, the factors affecting plantation success in gaps remain to be 97 

identified. In Central Africa, long-term studies on gap enrichment are needed, especially in the 98 

current context where multiple reforestation/afforestation initiatives (e.g., REDD+, AFR100 99 

etc.) have been launched (Brancalion and Holl, 2020; Ilunga-Mulala et al., 2021; Sloan, 2024; 100 

Bourgeois et al., 2024). Such studies could reduce the risk of investment losses due to a poor 101 

match between selected species and planting environment. 102 

The aim of this study is to address the current knowledge gap on the long-term 103 

performance (14 to 19 years) of trees planted in logging gaps in Central Africa. Specifically, it 104 

seeks to answer the following questions: (1) Which planted tree species demonstrate good 105 

survival and/or growth rates in logging gaps, making them suitable candidates for gap 106 

enrichment? (2) How do tree growth and survival rates of the planted trees vary through time? 107 

(3) How reliable is species guild classification in guiding the selection of tree species for gap 108 

enrichment? 109 

2. Materials and methods 110 

2.1. Study area and environmental conditions 111 



6 
 

The study area (Fig. 1) consisted of forest management units (FMUs 10-030, 10-041 and 112 

10-044) managed by Pallisco Company, FSC-certified since 2008. It was in the Haut-Nyong 113 

department, close to the city of Mindourou, Eastern region of the Republic of Cameroon 114 

(between 3°01′ N and 3°44′ N, and 13°20′ E and 14°31′ E), at an average elevation of 620.4 ± 115 

18.3 m. The climate was classified as Am according to the Köppen classification (Beck et al., 116 

2018), with the mean annual temperature and rainfall of 23.2°C and 1,640 mm, respectively 117 

(Gorel et al., 2019). Rainfall was distributed in two distinct rainy seasons (August-December 118 

and March-June; Daïnou et al., 2011), and reached 494 mm in the warmest quarter (Noce et 119 

al., 2020). The geological substrate consisted of Precambrian schistoquartzitic rocks, 120 

composed of gneiss, migmatite and micaschist from low Precambrian (Vleminckx et al., 2017). 121 

Soils were ferralsols weathered reddish or yellowish (Fétéké et al., 2004), acidic (pH values 122 

often <4) and had very low exchange capacity (Vleminckx et al., 2017; Mantel et al., 2023).  123 

The study forest was semi-deciduous, classified as Moist Central Africa (Fayolle et al. 124 

2014) and Moist Forest (Gorel et al., 2022), characterised by a high presence of tree species 125 

from the Fabaceae, Annonaceae and Malvaceae families (Réjou-Méchain et al., 2021). 126 

Letouzey (1985) described the area as a transition forest between the evergreen and the semi-127 

deciduous forests with canopy trees dominated by species of Meliaceae, Malvaceae and 128 

Cannabaceae families. 129 

In Central Africa, elephants and duikers were the main species browsing and damaging 130 

seedlings. Elephants were rare in the region. They were only seen at certain times along 131 

migration corridors. Different species of Duikers were found in the study area, including 132 

yellow-backed duiker (Cephalophus silvicultor), blue duiker (Philantomba congica) and red 133 

duiker (C. callipygus and C. castaneus) (Houngbégnon et al., 2023). 134 



7 
 

2.2. Study species 135 

We selected 15 tree species (Table 1), based on the following criteria: (i) the species was 136 

naturally present in the selected concessions and (ii) its timber had commercial value. Among 137 

the species that met those criteria, we preferentially selected the species that produce 138 

nontimber forest products (fruits, edible caterpillars, medicine, etc.) and with high interest for 139 

local communities (Baillonella toxisperma Pierre, Entandrophragma cylindricum (Sprague) 140 

Sprague, and Erythrophleum suaveolens (Guill. & Perr.) Brenan). We considered also two 141 

species that were listed in CITES Appendix II (Afzelia bipindensis Harms and Pericopsis elata 142 

(Harms) Meeuwen). We additionally aimed to balance the number of selected species per 143 

species guild: pioneer, non-pioneer light-demanding and shade-tolerant species according to 144 

Hawthorne (1995). 145 

146 
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Table 1. Characteristics of study species and the number of study gaps (n), average size of 147 

265.8 ± 175.4 m² (Doucet et al., 2009), with corresponding individuals. The species guild is 148 

either pioneer (P), non-pioneer light-demanding (NPLD) or, shade-tolerant (ST). The pilot 149 

names are presented according to the ATIBT (2016) nomenclature with additional common 150 

name in brackets for some species. 151 

Species Pilot names Family Guild 
n gaps 
spacing  
(3m x 4m) 

n gaps 
spacing  
(2m x 4m) 

Number of 
individuals 

Afzelia bipindensis Harms Doussié Fabaceae NPLD 10 - 100 

Baillonella toxisperma Pierre Moabi Sapotaceae NPLD 20 15 563 

Bobgunnia fistuloides (Harms) 
J.H.Kirkbr. & Wiersema 

Pao rosa Fabaceae P 7 - 70 

Detarium macrocarpum Harms Mambodé Fabaceae P 4 - 21 

Diospyros crassiflora Hiern Ebène d'Afrique Ebenaceae ST 9 - 90 

Entandrophragma angolense 
(Welw.) C.DC. 

Tiama Meliaceae NPLD 10 - 100 

Entandrophragma cylindricum 
(Sprague) Sprague 

Sapelli Meliaceae NPLD 10 - 100 

Entandrophragma utile (Dawe 
& Sprague) Sprague 

Sipo Meliaceae NPLD 10 15 342 

Erythrophleum suaveolens 
(Guill. & Perr.) Brenan 

Tali Fabaceae P - 15 141 

Lovoa trichilioides Harms Dibétou Meliaceae NPLD 10 - 100 

Mansonia altissima (A.Chev.) 
A.Chev. 

Bété Malvaceae NPLD 18 - 119 

Milicia excelsa (Welw.) C.C.Berg Iroko Moraceae P - 10 202 

Pericopsis elata (Harms) 
Meeuwen 

Afrormosia 
(Assaméla) 

Fabaceae P - 15 156 

Prioria oxyphylla (Harms) 
Breteler 

Tchitola Fabaceae ST 10 - 100 

Terminalia superba Engl. & Diels Limba (Fraké) Combretaceae P 10 - 100 

Total    128 70 2,304 

 152 

2.3. Planting 153 

Tree planting was carried out within gaps created by logging. The shape and size of the 154 

logging gaps varied depending on the logged tree size and species. The average size of the 155 

gaps was 265.8 ± 175.4 m² (Doucet et al., 2009). Trees were planted in the centre of the gaps 156 

between 2004 and 2009 with a single species per gap (Fig. 1; Table 1). Planted seedlings were 157 

produced in the nursery of the Pallisco Company. Seeds were harvested on well-conformed 158 

local mature trees and sown in polyethylene bags. After germination, the growth of the 159 
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seedlings was monitored in the nursery. Once the seedlings reached 40 cm in height (after 7 160 

to 12 months in average), the most vigorous trees were transplanted in logging gaps. Shade-161 

tolerant species (D. crassiflora and P. oxyphylla) were planted in the smallest gaps as they 162 

were assumed to tolerate low-light conditions. At contrast, pioneer species were planted in 163 

the largest gaps. 164 

 165 

Fig. 1. Location of the study logging gaps in the South-Eastern Cameroon 166 

Two plantation spacings were used (3 m x 4 m and 2 m x 4 m) and 4 to 11 seedlings of a 167 

single species were planted in the logging gaps of 207 to 271 m², 15 to 41 seedlings in the gaps 168 

of 271 m² to 400 m², and up to 89 seedlings in the gaps larger than 400 m² (Table 1). 169 
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After 12 months, competing vegetation in the entire planting area of the gap was cut 170 

only once using a machete. 171 

2.4. Data collection 172 

Survival, diameter (at 10 cm and at 1.3 m from the collar) and height were recorded for 173 

each tree at each measurement campaign. Total height was measured from the collar to the 174 

terminal bud of the trunk using a Vertex IV dendrometer for the trees taller than 2 m or using 175 

a ruler for the trees shorter than or equal to 2 m. Diameter was measured directly with a 176 

calliper (for trees with a diameter less or equal to 8 cm) or with a girth tape (trees with 177 

diameter larger than 8 cm). 178 

Four measurement campaigns were carried out: one immediately after planting, one 1-179 

2 years after planting, one 2.3-6 years after planting and one 14.3-19 years after planting 180 

(Table 2). Some gaps were not monitored at the 2.3-6 years after planting due to logistical 181 

issues. Data were collected between 2004 and 2010, depending on the year of planting in each 182 

gap. The final monitoring occurred in 2023. The measurements were carried out mostly 183 

between January and April, and in few cases between September and October. The extent of 184 

these periods was linked to operational constraints related to the access to the different 185 

remote areas where roads were closed after logging.  186 

Different abiotic variables were also collected such as gap topography (Table S1). 187 

Nevertheless, as no significant relationships could be found with these variables, we do not 188 

present these analyses in this manuscript.  189 

190 
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Table 2. Monitoring periods for each study species. 191 

Species 
Monitoring periods 

1-2 years  2.3-6 years 14.3-19 years  

Afzelia bipindensis x  x 
Baillonella toxisperma x x x 
Bobgunnia fistuloides x  x 
Detarium macrocarpum x x x 
Diospyros crassiflora x  x 
Entandrophragma angolense x  x 
Entandrophragma cylindricum x  x 
Entandrophragma utile x x x 
Erythrophleum suaveolens x x x 
Lovoa trichilioides x  x 
Mansonia altissima x x x 
Milicia excelsa x x x 
Pericopsis elata x  x 
Prioria oxyphylla x  x 

Terminalia superba x  x 

 192 

2.5. Data calculation  193 

At each monitoring time and for each gap, we computed the survival rate St (%) with Eq. 194 

1. We then computed the annual survival rate San (%) with Eq. 2 (Sheil et al. 1995). 195 

𝑆𝑡 =
𝑁𝑡 ∗ 100

𝑁0
  (1) 196 

𝑆𝑎𝑛 = 100 − {[1 − (
𝑁𝑡

𝑁0
)

1

𝑡
]  ∗ 100} (2) 197 

Where N0 and Nt were population counts at the beginning and at the measurement time t in 198 

years, respectively.  199 

Mean diameter and height were averaged for each gap to ensure having the same number of 200 

observations per gap. Mean diameter increment (ΔD in mm yr-1) and mean height increment 201 

(ΔH in cm yr-1) were computed using Eq. 3: 202 

𝛥𝑦 =  
Ӯ𝑡=𝑚  − Ӯ𝑡=𝑛 (𝑚>𝑛) 

(𝑚− 𝑛)/365.25
    (3) 203 
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with y̅ being the mean diameter (or height) of trees planted in a common gap and measured 204 

at two different censuses tn and tm (in days). Δy was computed over the different possible 205 

periods. As a large number of trees had not reached 1.3 m in diameter during censuses, the 206 

mean diameter increment was computed using diameters measured at 10 cm above the 207 

ground. 208 

2.6. Statistical analysis 209 

Survival rate (San), diameter increment (ΔD) and height increment (ΔH) were modelled 210 

using linear mixed-effects models (LMM) to account for the variability across species and gaps. 211 

The models were fitted with the lmer function of the “lme4” (version 1.1-30) R package (Bates 212 

et al., 2015). We considered only the gap (ρj) as random effect while species (Si), species guild 213 

(G), period (A) and their interactions were analysed as fixed effects (Eq. 4, 5).  214 

𝑦′ 𝑖𝑗
= 𝜇 + 𝑏1,𝐴𝑖𝑗

+ 𝑏2,𝑆𝑖𝑗
+ 𝑏3,𝐴𝑖𝑗∗𝑆𝑖𝑗

+ 𝜌𝑗 + 𝜀𝑖𝑗       (4) 215 

𝑦′ 𝑖𝑗
= 𝜇 + 𝑏1,𝐴𝑖𝑗

+ 𝑏2,𝐺𝑖
+ 𝑏3,𝐴𝑖𝑗∗𝐺𝑖

+ 𝜌𝑗 + 𝜀𝑖𝑗 (5) 216 

With 𝜌𝑗  ∼ N(0, 𝜎𝜌
2) and ε𝑖𝑗  ∼ N(0, 𝜎𝜀

2) 217 

Parameters b1, b2 and b3 were the model fixed coefficients. 𝑦 𝑖𝑗
 were the responses variables 218 

computed for each gap j and species i. The responses variables ΔD, ΔH and San, were 219 

transformed using respectively: 𝑦′ = log𝑒(𝑦 + 1), 𝑦′ = √𝑦, and 𝑦′ = sin−1 √𝑦. The best 220 

models were selected using a stepwise approach examining the Akaike Information Criterion 221 

(AIC), and likelihood ratio tests using the anova function of the “lme4” (version 1.1-30) R 222 

package (Bates et al., 2015). A Tukey-adjusted post-hoc test was used to compare the 223 

predicted means of each factor and interaction using the emmeans function of the 224 

“emmeans” (version 1.8.1-1) R package. To account for potential heterogeneity that could 225 
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arise from differences in individual growth across the three periods tested, Eq. 4 was 226 

additionally fitted separately for each period. The conditional and marginal R² were computed 227 

to assess the proportion of variance explained by the model with the random effects 228 

(conditional R2) or without them (marginal R2). They were computed with the r.squaredGLMM 229 

function of the “MuMIn” (version 1.47.1) package (Barton, 2022). We performed all analyses 230 

in the statistical software R version 4.2.1 (R Core Team, 2022), using the “ggplot2” (version 231 

3.3.6) package (Wickham, 2016) for plotting. 232 

3. Results 233 

3.1. Tree survival rates 234 

For all species, the mean annual survival rate (San) varied significantly across periods (F 235 

= 90.7, p-value < 0.001) and species (F = 11, p-value < 0.001) (Table 3). The mean annual 236 

survival rate was 92.4 ± 11.7% 1-2 years after planting (t1). It slightly decreased through time. 237 

This decreased was nevertheless not significantly lower during the second period (2.3-6 years 238 

after planting) than during the first period (t2; 91.9 ± 17.4%; t = -1.9; p-value = 0.065). It was 239 

then significantly lower with the data recorded during the last campaign (14.3-19 years after 240 

planting, t3; 60.3 ± 45%; t = -12.9; p-value < 0.05) (Fig. 2a and Table S2). At t3, D. macrocarpum 241 

had the highest annual survival rate (98.3%), followed by E. suaveolens (97.5%), T. superba 242 

(94.6%), B. toxisperma (89.8%), P. oxyphylla (85%) and A. bipindensis (81%) (Fig. 2a). The 243 

annual survival rate of the other species was less than 80% and all E. cylindricum trees were 244 

dead at t3 (0% of survival; Fig. 2a). Among the eight species with annual survival rates above 245 

the mean (92.4%) at t1, four species (M. excelsa, P. elata, M. altissima and E. utile) showed a 246 

decline in survival at t3 (Fig. 2a and Table S3). In contrast to the other species, T. superba 247 

increased its annual survival rate between t1 and t3 (Fig. 2a). 248 
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The mixed effect model (Eq. 5 and Table S4) showed that tree survival depended on 249 

species guild (F = 4.2, p-value < 0.05), and period (F = 104, p-value < 0.001). Pioneer species 250 

had significantly a higher annual survival rate than non-pioneer light-demanding species (t = -251 

2.9; p-value < 0.01). The marginal and conditional R² of the model were 25% and 39%, 252 

respectively (Table S4). 253 

Table 3. Parameter estimates of the linear mixed models examining the effect of species (15 254 

species, Table 1), period (factoring in tree levels: 1-2 years, 2.3-6 years and 14.3-19 years, 255 

respectively) and tree size (tree diameter or height) on survival rates, height and diameter 256 

increments (Eq. 4). DF are the degrees of freedom for the fixed effects. Significant 257 

relationships are denoted with * (p < 0.05), ** (p < 0.01) and *** (p < 0.001).  258 

    Annual survival Diameter increment Height increment 

Fixed effects DF F-value p-value F-value p-value F-value p-value 

Species (Si) 14 11.0 *** 30.04 *** 28.60 *** 

Period (At) 2 90.73 *** 7.21 *** 32.64 *** 

Si* At 19 - - 9.33 *** 9.34 *** 

Models statistics        

R²c (%)  40.8  73.1  71  
R²m (%)   40.3  64.7   61.3   

 259 

 260 

Fig. 2. Average (and standard deviations) planted tree (a) annual survival rate (San), and (b) 261 

Survival rate (St) over three monitored periods for the 15 study species. The dashed, dot-262 

dashed and solid horizontal lines indicate the overall means for periods 1-2 years, 2.3-6 years 263 

and 14.3-19 years, respectively. 264 
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3.2. Annual diameter increment 265 

For all species, the mean diameter increment was 2.9 ± 4.1 mm.yr-1 and varied 266 

significantly across species (F = 30, p-value < 0.001) and periods (F = 7.2, p-value < 0.001), with 267 

a significant interaction between period and species (F = 9.3, p-value < 0.001). The best model 268 

(Eq. 4; Table 2) explained 68% and 73% of variance (the marginal and conditional R², 269 

respectively). The mean diameter increment was the highest (3.4 mm.yr-1) at t1 and decreased 270 

in the following periods. It was significantly lower at t2 (1.9 mm.yr-1; t = -9.5; p-value < 0.001) 271 

but not significantly lower at t3 (2.9 mm.yr-1; t = 1.4; p-value = 0.171) as outlined on Fig. 3a 272 

and Table S2. The effect of age between periods was not significant at t1 (t = 1.54; p-value = 273 

0.127) or t2 (t = -1.55; p-value = 0.128), but was marginally significant at t3 (t = -2.04; p-value 274 

= 0.044) (Table S5).  275 

Terminalia superba had the highest diameter increments across all periods with an increase 276 

that was not significant between t1 and t3 (t = 1.58; p-value = 0.116). At t1, T. superba had 277 

significantly the highest diameter increment (13.6 ± 8.0 mm.yr-1; t = 12.6; p-value < 0.001; n = 278 

20), followed by M. excelsa (6.7 ± 1.9 mm.yr-1; t = 8.2; p-value < 0.001; n =10), P. elata (5.1 ± 279 

2.2 mm.yr-1; t = 8.2; p-value < 0.001; n = 30), B. toxisperma (4.9 ± 2.4 mm.yr-1; t = 6.8; p-value 280 

< 0.001; n =16), B. fistuloides (3.2 ± 1.8 mm.yr-1; t = 4.5; p-value < 0.001; n = 13), and E. 281 

suaveolens (2.6 ± 1.0 mm.yr-1; t = 4.8; p-value < 0.001; n = 28). The other species had diameter 282 

increments lower than 2 mm.yr-1 (Fig. 3a and Table S6). Among the six monitored species at t2 283 

(B. toxisperma, M. excelsa, E. suaveolens, M. altissima, E. utile and D. macrocarpum), B. 284 

toxisperma had the highest diameter increment (2.7 mm.yr-1) followed by E. suaveolens (2.6 285 

mm.yr-1) and M. altissima (2.0 mm.yr-1). The other species had diameter increments of less 286 

than 2 mm.yr-1 (Fig. 3a and Table S6). 287 
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At t3 (Table 4), T. superba had the highest diameter increments (15.8 ± 6.6 mm.yr-1, n = 288 

10), followed by L. trichilioides (3.2 ± 1.0 mm.yr-1, n = 5) and B. toxisperma (2.8 ± 3.6 mm.yr-1, 289 

n =20). The other species had diameter increments lower than 2 mm.yr-1 (Fig. 3a and Table 290 

S6). 291 

Comparing the diameter increments between species guilds (Eq. 5 and Table S4) at t1 292 

and t3 (where all species were monitored), pioneer species showed significantly higher 293 

diameter increments than non-pioneer light-demanding species at t1 (5.9 ± 5.5 mm.yr-1, n 294 

=105 and 1.8 ± 2.1 mm.yr-1, n =99; t = 9.1; p-value < 0.001). This difference was no longer 295 

significant at t3 (4.8 ± 7.1 mm.yr-1, n =41 and 2.1 ± 2.4 mm.yr-1, n = 56; t = 2.3; p-value = 0.063) 296 

(Fig. 4a). Shade-tolerant species had significantly lower diameter increment (0.9 ± 0.6 mm.yr-297 

1, n =35) than pioneer species at t1 (t = 8.3; p-value < 0.001), but the difference was not 298 

significant when compared to non-pioneer light-demanding species (t = 2.1; p-value = 0.087). 299 

At t3 shade-tolerant species grew significantly slower than pioneer species (t = 4.4; p-value < 300 

0.001) and non-pioneer light-demanding species (t = 3.1; p-value < 0.01, Fig. 4a). The model 301 

statistics are shown in Table S4. 302 
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303 

Fig. 3. Growth of 15 native tree species planted in logging gaps. Distinct coloured boxplots are 304 

(a) diameter and (b) height increments of planted trees monitored 1-2 years, 2.3-6 years and 305 

14.3- 19 years after planting. The y-axis is plotted with a natural logarithmic scale. The 306 

coloured points (n) are the mean increments of each gap and census. The black dots are the 307 

species-specific mean increment surrounded by bars denoting the corresponding standard 308 

deviation. Significant differences are shown by different letters using Tukey-adjusted post-hoc 309 

test (more details on Table S6 and S7). The black solid horizontal lines indicates the overall 310 

mean for the 3 monitoring periods (2.95 mm.yr-1 and 38.11 cm.yr-1 for diameter and height 311 

increments, respectively). Line colours correspond to the mean values of the monitoring 312 

periods. 313 

 314 

315 
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Table 4. Sizes (diameter and height) of the studied species at the end of the monitoring time 316 

(age). n is the number of gaps and Sd is the standard deviation. Final measurements of all 317 

species were conducted between January and April 2023. 318 

    Diameter (cm)  Height (m) 

Species  Planting year Age (year) n Mean ± Sd Min Max  Mean ± Sd  Min Max 

Afzelia bipindensis 2008 14.8 8 2.6 ± 1.2 1.5 4.4  2.5 ± 1.3 1.0 4.3 

Baillonella toxisperma 2004-2005 19.0 20 6.3 ± 4.9 2.4 26.1  5.1 ± 0.9 3.2 6.8 

Bobgunnia fistuloides 2008 14.9 6 2.8 ± 0.5  2.0 3.2  3.5 ± 0.8 2.6 4.3 

Detarium macrocarpum 2005 17.9 4 3.1 ± 0.7  2.4 4.1  3.4 ± 0.4  3.0 3.9 

Diospyros crassiflora 2008 14.9 4 1.4 ± 0.2 1.2 1.6  1.5 ± 0.3 1.1 1.9 

Entandrophragma angolense 2008 14.3 4 3.1 ± 1.1 1.7 4.3  2.4 ± 0.9 1.2 3.4 

Entandrophragma cylindricum 2008 14.8 10 - - -  - - - 

Entandrophragma utile 2004-2008 19.0 14 3.6 ± 1.4 1.6 5.8  4.3 ± 1.7 1.8 6.6 

Erythrophleum suaveolens 2007 15.8 13 2.9 ± 0.7 1.7 4.6  3.6 ± 1.2 1.7 5.7 

Lovoa trichilioides 2008 14.9 5 5.0 ± 1.3 3.3 7.0  3.6 ± 1.1 2.0 4.6 

Mansonia altissima 2005 18.0 5 3.9 ± 2.5 2.0 8.1  4.1 ± 3.1 1.4 9.5 

Milicia excelsa 2004 18.4 5 2.8 ± 0.9 1.6 3.7  2.7 ± 1.0 1.8 4.4 

Pericopsis elata 2008 14.9 4 4.2 ± 0.5 3.5 4.5  3.1 ± 0.8 2.4 4.2 

Prioria oxyphylla 2008 14.8 9 1.6 ± 0.2 1.3 1.8  2.1 ± 0.3 1.6 2.5 

Terminalia superba 2008 14.8 10 23.8 ± 8.4 13.4 34.8  17.1 ± 5.4 7.7 24.4 

 319 

320 
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 321 

Fig. 4. Diameter and height increments of planted species in logging gaps, grouped by guild: 322 

P, pioneer; NPLD, non-pioneer light-demanding; and ST, shade-tolerant species. The y-axis is 323 

plotted with a natural logarithmic scale. The black dots with standard deviations are the 324 

means of (a) diameter and (b) height increments. The significant differences are shown by 325 

different letters using Tukey-adjusted post-hoc test. Shade-tolerant species were not 326 

monitored between 2.3 to 6 years. 327 

3.3. Annual Height increment 328 

The mean height increment varied significantly across species (F = 28.6, p-value < 0.001) 329 

and periods (F = 32.6, p-value < 0.001), with a significant interaction between period and 330 

species (F = 9.3, p-value < 0.001). The selected best model (Eq. 4; Table 2) explained 61.3% 331 

and 71% of variance (the marginal and conditional R², respectively). The mean height 332 

increment was the highest (46.7 cm.yr-1) at t1 and decreased in the following periods. It was 333 

significantly lower at t2 (30.1 cm.yr-1; t = -5.3; p-value < 0.001) and at t3 (23.2 cm.yr-1; t = 0.83; 334 
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p-value = 0.407) as outlined (Fig. 3b and Table S2). The age effect between periods was not 335 

significant at t1 (t = -0.50; p-value = 0.617) or t3 (t = -0.55; p-value = 0.585), but was significant 336 

at t2 (t = -2.91; p-value < 0.01) (Table S8). T. superba had the highest height increments across 337 

periods (Fig. 3b). Seven species (T. superba, M. excelsa, P. elata, B. fistuloides, B. toxisperma, 338 

D. macrocarpum and E. suaveolens) had significantly higher height increments at t1 than t3 339 

(Fig. 3b and 7). 340 

At t1, T. superba had significantly higher height increment (165.0 ± 54.0 cm.yr-1; t = 15.9; 341 

p-value < 0.001) than M. excelsa (77.3 ± 26.9 cm.yr-1; t = 8.8; p-value < 0.001), B. toxisperma 342 

(68.2 ± 32.4 cm.yr-1; t = 9.5; p-value < 0.001), B. fistuloides (59.4 ± 34.1 cm.yr-1; t = 6.6; p-value 343 

< 0.001) and P. elata (51.9 ± 18.1 cm.yr-1; t = 7.6; p-value < 0.001). The other species had a 344 

height increment lower than 45 cm.yr-1 (Fig. 3b). Among the six monitored species at t2, M. 345 

excelsa had significantly higher height increment (42.9 ± 30.2 cm.yr-1, n =19) than D. 346 

macrocarpum (39.6 ± 24.8 cm.yr-1; t = 3.1; p-value < 0.01), B. toxisperma (33.2 ± 19.9 cm.yr-1; 347 

t = 0.3; p-value = 0.791), E. suaveolens (32.0 ± 11.8 cm.yr-1; t = 3.4; p-value < 0.001), M. 348 

altissima (23.5 ± 21.5 cm.yr-1; t = 5.0; p-value < 0.001) and E. utile (19.3 ± 25.8 cm.yr-1; t = 2.0; 349 

p-value < 0.05) (Fig. 3b and Table S7). 350 

At t3 (Table 4), T. superba had significantly the highest height increments (103.0 ± 41.2 351 

cm.yr-1, n = 10), followed by E. utile (25.7 ± 11.6 cm.yr-1, n = 13), L. trichilioides (21.8 ± 7.1 352 

cm.yr-1, n = 5), E. suaveolens (16.3 ± 8.6 cm.yr-1, n = 13), E. angolense (15.8 ± 7.0 cm.yr-1, n = 353 

4) and M. altissima (15.2 ± 16.5 cm.yr-1, n = 5). The other species had height increments of less 354 

than 15 cm.yr-1 (Fig. 3b), and significant effects are presented on Table S7. 355 

Height increment was negatively correlated with tree height for B. toxisperma (r = -0.55; 356 

p-value < 0.001), E. suaveolens (r = -0.39; p value < 0.001), M. excelsa (r = -0.51; p-value < 357 
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0.001), P. elata (r = -0.54; p-value < 0.001), P. oxyphylla (r = -0.61; p-value < 0.001) and T. 358 

superba (r = -0.39; p-value < 0.05), but positively correlated with height for M. altissima (r = 359 

0.56; p-value < 0.001; Fig. 5). The other species did not have significant correlations between 360 

height increment and tree height. 361 

The height increments varied between species guilds at t1 and t3 (Eq. 5 and Fig. 4b). 362 

Pioneer species had significantly greater height increments than non-pioneer light-demanding 363 

at t1 (70.4 ± 53.1 cm.yr-1, n =118 and 34.6 ± 32.6 cm.yr-1, n =163; t = 7.9; p-value < 0.001), and 364 

this difference was no longer significant at t3 (34.5 ± 43.8 cm.yr-1, n =42 and 17.9 ± 10.3 cm.yr-365 

1, n = 55; t = 2.23; p-value < 0.063) (Fig. 4b). Shade-tolerant species had significantly lower 366 

height increments (14.9 ± 9.2 cm.yr-1, n =26) than pioneer species at t1 (t = 7.1; p-value < 367 

0.001), and non-pioneer light-demanding species (t = 2.7; p-value < 0.05). At t3 the height 368 

increment of shade-tolerant species (9.2 ± 3.0 cm.yr-1, n = 13) was also significantly lower than 369 

that of pioneer species (t = 2.5; p-value < 0.05), but the difference was not significant when 370 

compared to non-pioneer light-demanding species (t = 1.1; p-value = 0.524; Fig. 4b and Table 371 

S4). 372 
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 373 

Fig. 5. Significant relationships between height increments and tree height for seven species 374 

planted in logging gaps in south-eastern Cameroon. The grey area around the line shows the 375 

95% confidence interval. The correlation coefficient and the corresponding p-value (*p < 0.05; 376 

***p < 0.001) are provided. 377 

4. Discussion 378 

Enrichment of logging gaps could be considered as an effective option to mitigate the 379 

impact of timber exploitation on logged tree populations, but only for species whose planted 380 

trees can thrive in gaps (Doucet et al., 2009; Sovu et al., 2010; Millet et al., 2013; Makemba et 381 

al., 2022). This latter issue was little documented, and this study brought key elements using 382 

14-19 year-long monitoring of 2,304 planted trees belonging to 15 species including pioneer 383 

(P, 6 species), non-pioneer light-demanding (NPLD, 7 species) and shade-tolerant species (ST, 384 
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2 species; Table 1). Shade-tolerant species were less represented as at least 90% of the logged 385 

species in the Central African region are P and NPLD (Ruiz et al., 2005; Makana and Thomas, 386 

2006). 387 

4.1. High variability in survival rates across species 388 

The survival of the planted trees is expected to vary across species and planting methods 389 

(Makana and Thomas, 2005; Hall, 2008; Ilunga-Mulala et al., 2025). Survival varied 390 

substantially across species (Fig. 2) and the survival rates was found satisfactory for a very 391 

limited set of species. For the other species, the survival rates might have been limited by 392 

interspecific competition, light availability, herbivory and insect attacks. 393 

Only four species (B. toxisperma, D. macrocarpum, E. suaveolens, T. superba) had good 394 

survival rates, which were in the order of magnitude of previous studies. For these species, 395 

45% of the planted trees survived up to 19 years after planting (annual survival rate San ≥ 90%, 396 

Fig. 2b and Table S3).  397 

The survival rates of planted B. toxisperma can be high but may critically depends on the 398 

availability of light. In our study area, the mean annual survival rate (San) in gaps of B. 399 

toxisperma ranged between 90 and 99% (with St = 76 - 97%) with the lower survival rates being 400 

observed for older plantations. Such good survival rates had already been reported for 401 

plantation of B. toxisperma in gaps (San = 93%, Koumba Zaou et al., 1998; Daïnou et al., 2021) 402 

and in understorey plantations, i.e. in low-light conditions (St = 94% six years after planting) 403 

(Koumba Zaou et al., 1998). According to Daïnou et al. (2021), in central Africa, the survival 404 

rate of B. toxisperma plantations could be lower in high-light conditions such as in degraded 405 

areas (San = 87-89% after six years). Plantations of B. toxisperma might therefore perform 406 
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better in shaded or partially shaded environments, such as in gaps, at least during the first 407 

years after the plantation. 408 

High survival rates of D. macrocarpum, E. suaveolens and T. superba had also been 409 

reported, although such estimates remains scarce and limited to specific conditions (Doucet 410 

et al. 2016; Daïnou et al., 2021). After 14 years, we found that 78% of the D. macrocarpum 411 

trees had survived (St = 97% after six years; St = 78% and San = 89% after 14 years; Table S3). 412 

According to Doucet et al. (2016), two years after planting, the survival rate (St) of D. 413 

macrocarpum was about 92% in degraded areas, in Cameroon. Unlike other species, and 414 

despite its commercial importance, no other studies have examined D. macrocarpum 415 

plantations outside Cameroon in the Guinean-Congolian region. Concerning E. suaveolens, the 416 

survival rate was found to be relatively constant and high over the different monitoring 417 

periods (San = 97%). Some estimates of E. suaveolens have been reported for degraded areas 418 

(St = 88%) after two years (Doucet et al. 2016) and (San = 97%) after six years (Daïnou et al., 419 

2021) in few sites in Cameroon. Similarly, the observed survival rate of T. superba (St = 46% 420 

after 15 years; St = 72% after two years) was nearly equivalent to that estimated in degraded 421 

forest (St = 51%) in DR Congo (Liegois and Petit 1950) or in Cameroon (St = 84%) (Doucet et al. 422 

2016).  423 

 The other species had lower survival rates. For instance, the observed survival rates in 424 

plantations of Entandrophragma spp. ranged between San = 0 and 52% (St = 0 and 9%), 14 to 425 

19 years after planting. Entandrophragma spp. are known to exhibit highly variable survival 426 

rates in plantations (Dupuy, 1990; Makana and Thomas, 2005; Ilunga-Mulala et al., 2025) and 427 

very high mortality rates (St = 12 to 37%) have particularly been found for E. cylindricum when 428 

planted in forest understorey (Hall, 2008).  429 
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Light availability was presumably a key limiting factor for the light-demanding species. 430 

Indeed, in high-light environments, higher survival rates had been found for E. cylindricum at 431 

least during the first years after planting (Hubert, 2003; Makana and Thomas, 2005; Cerisier, 432 

2010). Survival (St) was estimated at 92% two years after planting (Makana and Thomas, 433 

2005), 77-80% 11-14 years after planting (Liegois and Petit 1950; Beligné 1986) in DR Congo; 434 

and 50% 50 years after planting in Cameroon (Owona Ndongo et al., 2009). At contrast, in low-435 

light condition, E. cylindricum can have very low survival rates (<37%) as early as six months 436 

after planting (Hall, 2008). Though different factors are in play, the limited size of the gaps and 437 

their closure through time (Neves et al., 2019) can likely explains the low survival rates 438 

observed in gaps, especially for light-demanding species such as E. cylindricum. 439 

Seedling predation by herbivores is another possible cause of mortality in forest gaps 440 

(Schupp et al., 1989; Hall, 2008; Sovu et al., 2010; Makemba et al., 2022). Duiker (Cephalophus 441 

sp, Philantomba congica) and sitatunga (Tragelaphus spekii) browse leaves (Daïnou et al., 442 

2021), slowing down plant growth and reducing survival rates. These animals can moreover 443 

preferentially browse in gaps (Makemba et al., 2022) leading to high browsing rate up to 88% 444 

for E. cylindricum (Hall, 2008; Blervacq, 2023). 445 

Finally, the survival of several species can be affected by insect attacks. Parasitism by 446 

Phytollyma lata is very common for M. excelsa (Nichols et al., 1999; Bosu et al., 2006; Agyeman 447 

et al., 2009) and by Hypsipyla spp. for Etandrophragma spp. (Hall, 2008; Daïnou et al., 2021). 448 

Mortality was high in M. excelsa saplings (survival St = 9% at 18 years) and there was a 449 

significant decline in growth rates over time (Fig. 2b). We identified a few individuals with 450 

attacks of the gall-making psyllid which was previously identified as one cause of M. excelsa 451 

mortality in Cameroon (Fayolle et al., 2015). While parasitism does not necessarily lead to 452 
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plant mortality, repeated attacks on the terminal bud considerably slow down growth and 453 

competitiveness. In Ghana, only 20% of M. excela trees survived psyllid attack nine years after 454 

planting (Nichols et al., 1998; Bosu et al., 2006).  455 

4.2. Species-specific growth rates in gaps 456 

Only very competitive species are likely able to thrive in gap plantations (Duah-Gyamfi 457 

et al., 2014; Navarro-Martínez et al., 2017). In our study, T. superba was the only species 458 

showing satisfactory growth rates. Terminalia superba is known to be a vigorous species 459 

showing sustained growth in plantations at different sites (Donis, 1956; Liegois, 1959; Marien 460 

and Mallet, 2004; Bosu et al., 2006; De Ridder et al., 2010; Doucet et al., 2016; Akaffou et al., 461 

2021), although this had not yet been demonstrated in logging gaps (Ilunga-Mulala et al., 462 

2025). The observed growth rate was nevertheless higher (16 mm.yr-1) than that of larger 463 

trees (~4.5 mm.yr-1) (Ligot et al., 2022). Its growth potential in plantations was likely limited in 464 

gaps. Larger diameter increment were indeed observed in degraded areas (~20 mm.yr-1) 465 

(Liegois and Petit 1950; Catinot, 1965; Hubert 2003; Doucet et al., 2016). 466 

The growth of the other species were increasingly affected through time by the 467 

surrounding competition and canopy closure (Doucet et al., 2009). For instance, the diameter 468 

increment of B. toxisperma was around 4.9 mm.yr-1 the two first years. However, this growth 469 

rate declined over time to about 2.8 mm.yr-1 after 15 years. It is likely that this species, as 470 

many others, could not outcompete the surrounding vegetation (Coomes and Grubb, 1998; 471 

Schnitzer et al., 2005; Rozendaal et al., 2020). Several factors such as environmental changes 472 

conditions, resource competition and climatic events or disturbances could explain the growth 473 

difference between periods. However, the variability in diameter growth between trees ages 474 
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was not significant between 1-2 years and 2.3-6 years, and marginally significant between 475 

14.3-19 years (Table S5). 476 

Additionally, in the context of predicting the success of tree planting in gaps, our results 477 

question the relevance of the growth-survival trade-off between fast-growing species without 478 

adaptative structures to resist to stressful conditions and slow-growing species with structures 479 

that allow them to tolerate stressful conditions (Meira-Neto et al., 2019; Hérault et al., 2020). 480 

Most species exhibiting large growth at the seedling stage have often, indeed, fragile crown 481 

architecture. For instance, M. excelsa can grow fast, but its fragile crown makes it very 482 

vulnerable to falling branches, mammal damages and liana infestation. Yet, in gaps, the 483 

species planted must be fast-growing, tolerant to low-light conditions and tolerant to various 484 

stem damages. This explains why only a very limited set of species could be successfully 485 

planted in gaps. Most other species are rapidly dominated by surrounding vegetation, leading 486 

in a reduced allocation of resources to root reserves (Cahill and Casper 2002; Engelbrecht and 487 

Kursar, 2003; Madsen et al., 2021). This shift often results in reduced diameter growth, stem 488 

resistance, and resistance to herbivory and insect attacks. 489 

In the competitive environment of gaps, it seems particularly important to plant 490 

vigorous seedlings. Part of the unexplained growth variation could have been attributed to 491 

species-specific genetic variation (Ofori et al., 2007; Ilunga-Mulala et al., 2021; Akaffou et al., 492 

2021; Schmitt et al., 2023; Angbonda et al., 2024) and seedling production methods. In this 493 

study, 40-cm-tall seedlings were planted because this method provided good plantation 494 

results in degraded forests (Doucet et al., 2016). In gaps, given the low survival rates observed 495 

for many species, future studies might evaluate whether planting taller seedlings could be an 496 

interesting solution. 497 
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Better plantation maintenance could also have improved the performance of planted 498 

trees in the gap (Romell et al., 2008; Doucet et al., 2009; Ouédraogo et al., 2014; Neves et al., 499 

2019). Plantation maintenance was only carried out the first years after the planting. During 500 

this period, the survival rate was generally higher for most of the study species (Fig. 2). For 501 

some other species, including A. bipindensis, a species listed in Appendix II of CITES, the initial 502 

growth rate was very low (Fig. 3), indicating that plantation maintenance might not have been 503 

enough. Nevertheless, increasing plantation maintenance might not always be possible given 504 

its cost (Schulze, 2008) and given that plantation might become hardly accessible several years 505 

after logging. This is particularly the case in the concessions certified for sustainable 506 

management. For these species, plantations should be preferably carried out in easily 507 

accessed area such as degraded areas or loading yards along the main permanent roads. 508 

4.3. Guild provided indications of species performance but was a poor indicator 509 

of plantation success 510 

After small-scale disturbance such as in logging gaps, it was expected that early 511 

successional species could outperform the other species. Consequently, the species guild was 512 

assumed to be an important proxy for choosing the appropriate planting method for species 513 

(Ilunga-Mulala et al., 2025).  514 

Nevertheless, we have only depicted weak differences in plantation success across 515 

guilds supporting that some pioneer species might be better suited for gap enrichment. 516 

Indeed, only one species was found to developed well, T. superba (San = 94.6%) a pioneer 517 

species. On average, the pioneer species had higher growth rates than the other species, but 518 

the difference was small and only significant the two first years after planting (Fig. 4). 519 
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Moreover, putting T. superba aside, B. toxisperma, a non-pioneer light-demanding species, 520 

grew significantly faster than many other species. 521 

Species could have different resource allocation strategies even within the same guild 522 

(Poorter and Evans, 1998), which could explain the competitive advantage of T. superba. It 523 

could have a photosynthetic capacity that may enable efficient light use under the gap 524 

conditions, supporting sustained growth. Additionally, T. superba may tolerate nutrient-poor 525 

soils, especially since the soils are already poor in the studied site (Vleminckx et al., 2017). The 526 

only two shade tolerant species, P. oxyphylla and D. crassiflora, seemed the less adapted 527 

showing low growth and survival rates. However, our sample was limited to only 15 species, 528 

highlighting the need for similar monitoring for other important pioneer species, including the 529 

two most logged in central Africa (Aucoumea klaineana Pierre and Triplochiton scleroxylon K. 530 

Schum). 531 

4.4. Study limitations 532 

While this study provides insight into the performance of species in logging gaps, some 533 

limitations remain. Sparse sampling over the 2.3-6 years may have influenced the results. 534 

Although abiotic factors may influence tree performance in more variable landscapes, minimal 535 

variation in elevation and slope likely explains their lack of significance here, justifying their 536 

exclusion from further analysis. 537 

5. Conclusions 538 

Identifying species with high survival and growth rates in logging gap is crucial for the success 539 

of gap enrichment. This study provides valuable contributions to the understanding of the 540 

survival and growth performance of 15 high-value native tree species planted in logging gaps 541 

in Central Africa, based on a long-term monitoring. Among the studied species, T. superba was 542 
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the best performing species in gaps, with a high growth rate (with mean diameter increment 543 

of 15.8 mm.yr-1). Its annual survival rate increased through time and reached 94.6%, 14.8 years 544 

after planting. Planted T. superba trees in logging gaps could survive and grow well. Other 545 

planted species such as B. toxisperma, E. suaveolens and D. macrocarpum which had annual 546 

survival rates higher than 89% at age between 15.8 and 19 years could survive and grow well 547 

in gaps but maintenance must then be carried out regularly. 548 
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