
Australian Journal of Basic and Applied Sciences, 7(6): 378-387, 2013 
ISSN 1991-8178 
 

Corresponding Author: Irié Casimir Zobi, Institut National Polytechnique Houphouët-Boigny (INP-HB) / Département de 
Foresterie et Environnement. BP 2661 Yamoussoukro, Côte d’Ivoire 

  E-mail: icgzobi@gmail.com 
378 

 

Long-Term Effects of Liberation Thinning on Crop Trees Species Richness in Rainforests 
 

1Irié Casimir Zobi, 2Jean Pierre Pascal, 1Kouakou Bob Kouadio, 2Daniel Chessel, 3Pierre Couteron, 
4Kouami Kokou 

 
1Institut National Polytechnique Houphouët-Boigny (INP-HB) / Département de Foresterie et 

Environnement. BP 2661 Yamoussoukro, Côte d’Ivoire  
2Laboratoire de Biométrie et Biologie Evolutive, UMR CNRS 5558. Université Claude Bernard Lyon 

1, 43 Bd du 11 Novembre 1918 / 69622 Villeurbanne, Cedex France. 
3Institut de Recherche pour le Développement (IRD) / UMR AMAP. Bd de la Lironde, TA A-51/PS2. 

34398 Montpellier, Cedex 5 France 
4Université de Lomé (UL) / Département de Botanique et Biologie Végétale. BP 1515 Lomé, Togo.  

 
Abstract: Long-term effects of liberation thinning on crop trees species (commercial species) were 
analysed in an evergreen forest and a semi-deciduous forest in Ivory Coast. This silvicultural 
treatment consisted in removing only the seed trees of non-commercial species in order to enrich the 
forest stand into commercial species through the increase of crop trees regeneration. To determine 
which species benefitted from the thinning treatment, the crop trees species densities were compared 
using a paired t-test. The results show that the number of crop trees species increases. The spatial 
expansion through natural regeneration of seven species is remarkably stimulated. Those species are: 
Antiaris africana Engl, Terminalia superba Engl. & Diels, Chlorophora excelsa (Welw.) Benth, 
Chlorophora regia (A. Cheval.) C.C. Berg, Entandrophragma cylindricum (Sprague) Sprague, Lannea 
welwitschii (Hiern) Engl, and Copaifera salikounda Heckel. Over a 28-years period, the plots have 
been enriched by 4.5 new species ha-1. The mean increase of the number of crop trees species was 
superior into the thinned subplots than into the unthinned ones. However, that number seems to be 
stabilized around 29 (4) crop trees species ha-1. The species which were initially weakly widespread 
have benefitted much more from the thinning treatment. Those species are: Entandrophragma 
cylindricum (Sprague) Sprague; Antiaris africana Engl.; Copaifera salikounda Heckel; Terminalia 
superba Engl. & Diels; Lannea welwitschii (Hiern) Engl.; Chlorophora excelsa (Welw.) Benth. and 
Chlorophora regia (A. Cheval.) C.C. Berg. 
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INTRODUCTION 
 
 Sustainable forest management deals with several disciplines including natural science, social science, 
economic and engineering science. Among those disciplines, silviculture occupies an important place. Beyond 
its theoretical aspect, silviculture aims essentially to resolve forest management issues (Zobi et al., 2008). In 
West African countries, those issues create a great interest for researchers in order to find out some silvicultural 
methods which can develop or at least maintain the productivity of natural forests (Chave, 2000). Despite the 
multiplicity of research activities, most of the hypotheses focused on two opposite silvicultural principles such 
as artificial enrichment and natural enrichment (Montagnini et al., 1997; Park and Fredericksen, 2005; Silva et 
al., 1995). Using artificial or natural regeneration techniques, both principles aim to enrich rainforests that have 
been over exploited (Reinhard and Bernd, 1998; Roy, 2005). For this purpose, the artificial enrichment 
techniques aim to replace exploited trees by compensatory planting while natural enrichment techniques rely on 
forests management techniques that improve the regeneration of wilding (Degen et al., 2006; Fredericksen, 
Mostacedo, 2000). 
 Since 1978, a technique of natural enrichment has been experimented in Ivory Coast (Côte d’Ivoire). This 
silvicultural method aims to preserve forest stands environment and to ensure wood supply (Tietjen and Huth, 
2006). It consisted in removing only non-commercial seed trees in order to increase the number of crop trees 
species through their natural regeneration. 
 The study was simultaneously carried out in a semi-deciduous forest type, Mopri permanent plot, and in an 
evergreen forest type, Irobo permanent plot. The annual rainfall averages are respectively 1472 mm and 1642 
mm. For Mopri plot, the crop trees represent 46.8% of the forest stand while for Irobo plot, it is 23.5% (Zobi 
and Chessel, 2007). So, it has been assumed that both rainforest types would not evenly react to liberation 
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thinning. This hypothesis has been tested with data collected during 28 years (from 1978 to 2006) in order to 
determine which species benefit from the treatment into each forest type. 
 

MATERIAL AND METHODS 
 
2.1. Permanent Sampling Plots: 
 Since 1978, permanent sampling plots have been established in Ivory Coast, precisely in the protected 
forests of Irobo and Mopri. Irobo forest plot is located between 5°25' and 5°48' N, and it is an evergreen forest 
type. Mopri forest plot is located between 5°40' and 5°55' N, and 4°52' and 5°02' W, and it is a semi-deciduous 
forest type (Zobi, 2002). Both plots have the same design which is a square of 400 ha divided into 25 subplots of 
16 ha. Each subplot is subdivided into 4 quadrats of 1 ha surrounded by a buffer zone; thus, there are 100 
quadrats per plot (Figure 1).  
 In each site, 60 quadrats were chosen randomly and were thinned while the 40 others quadrats were kept 
unthinned. The treatment is a liberation thinning which consisted in removing from 25% to 35% of the trees 
basal area. It was assumed that the removal of the non-commercial seed trees would result in timber stand 
improvement. So, the thinning treatment consisted in eliminating the non-commercial trees which overtop future 
crop trees, using chemical control. This method aims to stimulate the growth and to increase the regeneration of 
those future crop trees. Resprouts were also controlled using the same method.  
 

 
Fig. 1: Representation of the permanent plot design. 
 
 Among the 75 crop trees species present in Ivory Coast, 34 species are represented in the plots (Table 1). 
Excepted these species, the all others are considered as non-commercial species. Since 1978, all trees which 
diameter is ≥ 10 cm have been measured every 2 years.  
 Regardless the non-commercial species that have been developed as crop trees species, the presence-
absence per quadrat from 1978 to 2006 is known for each of the 34 crop trees species. So, for a given species, 
the whole quadrats can be divided into 4 groups: 
(i) "lost-quadrats" where the species is present in 1978 and absent in 2006, 
(ii) "conquered-quadrats" where the species is absent in 1978 and present in 2006, 
(iii) "full-quadrats" where the species is present on both dates, and  
(iv) "empty- quadrats " where it is absent on both dates. 
 The variation of the spatial distribution per crop trees species was measured from the number of lost-
quadrats (i) and conquered-quadrats (ii). When the number of conquered-quadrats is superior to that of lost-
quadrats, the species is supposed to be progressing in space. In the contrary, the species is supposed to be 
regressing in space.  
 From 1978 to 2006, a paired t-test was used to test if the spatial distribution process (progression and 
regression) is thinning dependent or not. In addition, a statistical approach has been proposed to find out which 
of the 34 crop trees species have progressed or regressed in space. This approach consists in evaluating the 
tendency of each species to appearing more frequently in the thinned quadrats rather than in the unthinned ones 
and vice versa. The null hypothesis (H0) is that the liberation thinning has no effect on species distribution; the 
alternative hypothesis (H1) is that the liberation thinning  determines species distribution. 
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 Consider a species which is found (presence) in 10 quadrats in 1978; that means that it has not been found 
(absence) in 90 quadrats. Suppose that those 90 quadrats are composed of 60 thinned quadrats and 30 unthinned 
quadrats. In 2006, suppose that this species is found in 10 out of 60 thinned quadrats and in 22 out of 30 
unthinned quadrats. In other words, over the 28-years period, the given species has appeared in 32 quadrats out 
of 90 quadrats from where it was absent in 1978. That implies that this species would appear more frequently in 
the unthinned quadrats(p = 22/30) than in the thinned ones(p = 10/60). But, is this assumption statistically valid? 
 To answer to This question, the variation of each quadrat characteristics was assimilated to a random 
experimentation with only two possible results: "presence" of the species (success), or "absence" of  the species 
(failure). Let the number of quadrat where a species is absent in 1978 be M for unthinned quadrats and N for 
thinned quadrats.  Let the number of conquered-quadrats and lost-quadrats be m and n respectively. So, the 
number of quadrats from where the species is absent in 1978 and where it is found in 2006 is k = m + n. k value 
corresponds to the number of "success"; it can be considered as a discrete random variable with a 
hypergeometric distribution (Leedy, 1989; Jeffrey, 2001; Kariuki, 2008).  Thus, the test consists in evaluating 
the spatial strategy of each crop species by calculating two probability values, P and Q. P-value corresponds to 
the species tendency of being more often present in the unthinned quadrats rather than the thinned ones, while 
Q-value measures the inverse preference or tendency. The decision rule is the following:  
(i) Very significant tendency (**): One of the two values, P or Q, is lower than 1 percent (p-value < 0.01); 
(ii) Significant tendency (*): One of the two values is between 1 and 5 percent (0.01 < p-value < 0.05); 
(iii) No significant tendency (NS): One of the two values  is between 5 and 30 percent (0.05 < p-value < 0.30);  
(iv) Nothing to announce (NA): The two values are superior to 30 percent (p-value > 0.30).  
 
2.2. Symbols and Abbreviations: 
 Each species is indicated by the abbreviation of its commercial name (Table 1). For example, the 
commercial name of Entandrophragma cylindricum (Sprague) Sprague is Aboudikro. This species will be 
indicated by the abbreviation ABO. 
 
Table 1: List of the crop trees species analysed in the forest of Mopri and the forest of Irobo. 

Abbreviation Commercial name Scientific name Family Presence in 
Mopri Irobo 

ABO Aboudikro Entandrophragma cylindricum (Sprague) Sprague Meliaceae x  
ACA Acajou Khaya ivorensis A. Chev. Meliaceae x  
AIE Aiele Canarium schweinfurthii Engl. Burseraceae x x 

AKO Ako Antiaris africana Engl. Moraceae x  
ASA Asan Celtis zenkeri Engl. Ulmaceae x  
AZB Azobe Lophira alata Banks ex Gaertn. Ochnaceae  x 
AZD Azodau Afzelia bella Harms var. gracilior Keay Leguminosae-Ceas. x  
BAE Bahe Fagara macrophylla Engl. 

Fagara tessmannii Engl. 
Rutaceae x x 

BI Bi Eribroma oblonga Pierre ex A. Cheval. Sterculiaceae x x 
DAE Dabe Erythroxylum mannii Olivier Erythroxylaceae x  
DIF Difou Morus mesozygia Stapf Moraceae x  
EHO Eho Ricinodendron heudelotii (Baill.) Pierre ex Pax Euphorbiaceae x x 
EMI Emien Alstonia congensis Engl. Apocynaceae x x 
ETI Etimoe Copaifera salikounda Heckel Leguminosae-Ceas. x  
FRE Framire Terminalia ivorensis A. Cheval. Combretaceae x  
FRK Frake Terminalia superba Engl. & Diels Combretaceae x  
FRO Fromager Ceiba pentandra (Linné) Gaertn. Bombacaceae x  
IAT Iatandza Albizia ferruginea (Guillaumet & Perr.) Benth. Leguminosae-Mim. x  
ILO Ilomba Pycnanthus angolensis (Welw.) Warb. Myristicaceae  x 
IRO Iroko Chlorophora excelsa (Welw.) Benth. 

Chlorophora regia (A. Cheval.) C.C. Berg 
Moraceae x x 

KEK Kekele Holoptelea grandis (Hutch.) Mildbr. Ulmaceae x  
KOT Koto Pterygota macrocarpa K.Schum Sterculiaceae x  
LO Lo Parkia bicolor A.Chev. Leguminosae-Mim. x  

LOL Loloti Lannea welwitschii (Hiern) Engl. Anacardiaceae x  
MAK Makore Tieghemella heckelii Pierre ex A. Cheval Sapotaceae  x 
OBA Oba Bombax buonopozense P. Beauv. Bombacaceae x  
OUO Ouochi Albizia zygia (DC.) J.F. Macbr. Leguminosae-Mim. x  
POR Pore-Pore Sterculia tragacantha Lindl. Sterculiaceae x  
POU Pouo Funtumia africana (Benth.) Stapf Apocynaceae  x 
SAM Samba Triplochiton scleroxylon K.Schum. Sterculiaceae x  
TCH Tchiebuessain Xylia evansii Hutch. Leguminosae-Mim. x  
TIA Tiama Entandrophrama angolense  (Welw) DC. Meliaceae x  

(x) : present  
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3. Results: 
3.1. Composition and Dynamic of Crop Trees Species: 
 Knowing that the liberation thinning consists in eliminating only non-commercial seed trees, the changes in 
stand density is represented by figure 2. Into dotplot's shape (Wilkinson, 1999), it outlines the resulting structure 
of non-commercial stand, before and after the thinning treatment. Lines x=3.5m2ha-1 and x=12.8m2ha-1 
correspond to the mean value of the basal area for the unthinned quadrats in respectively Irobo plot and Mopri 
plot. The structure of the stand in both plots has been radically modified. The basal area of non-commercial was 
reduced between 0 and 15 m2ha-1 in Morpi plot, and between 5 and 20 m2ha-1 in Irobo plot. So, the variability 
increased by 27% and 46% respectively in both plots. Table 2 presents some parameters describing the floristic 
composition by category of plot and quadrat. The mean richness of crop trees species increases by about 4.5 
species ha-1 in Mopri forest and by 1.4 species ha-1 in Irobo forest. However, the increase varies according to the 
subplot category. In Mopri forest, the richness has increased by 5.1 species ha-1 in the thinned subplots, and by 
3.5 species ha-1 in the unthinned ones. Although the richness’ increase is globally weaker in Irobo forest than in 
Mopri forest, the difference between the two subplots categories is very high. The number of species increased 
four times more quickly in the thinned subplots (2.1 species ha-1) than in the unthinned ones (0.5 species ha-1).  
The paired t-test confirms that the increase is thinning dependent. In spite of the significant tendency of the 
subplots enrichment, the total number of the inventoried trees is not equitably distributed among the crop trees 
species involved in the experimentation. Indeed, from 1978 to 2006, the diversity increased in Mopri forest as 
well as in Irobo forest, but it remains lower than the maximum of diversity Hmax. However, the crop trees 
species richness remained stationary in Irobo forest (46 species) while two new crop trees species appeared in 
Mopri forest: Lovoa trichilioides Harms and Terminalia ivorensis A. Cheval. 
 The floristic composition has less changed in the two sites. In Mopri forest, only 12 species have a relative 
abundance higher or equal to 0.02 (2%). The relative frequency of the single dominant species (Celtis adolfi-
friderici Engl.) is 0.39 (39%). In Irobo forest, the stand is dominated by 6 species: Tarrietia utilis (Sprague) 
Sprague; Dacryodes klaineana (Pierre) H.J.Lam; Uapaca guineensis Müll. Arg.; Scottelia klaineana Pierre; 
Parkia bicolor A.Chev.; Amphimas pterocarpoides Harms and Funtumia africana (Benth.) Stapf. After the 28-
years period, a quasi-perfect co-dominance is noticed for the two most abundant species (28%) which are: 
Tarrietia utilis and Dacryodes klaineana. The relative frequency decreased for Tarrietia utilis while it increased 
for Dacryodes klaineana.  
 The natural enrichment process is explained by the appearance of new crop trees species in the subplots. 
Therefore, it is necessary to know the species which really take part in this process. 
 
Table 2: Summary of some parameters describing the floristic composition by site. 

Site Quadrat Date S H Hmax R 
µ σ µ σ 

Mopri thinned 1978 24.1 4.2 3.74 0.66 4.59 0.65 
2006 29.2 3.6 4.11 0.49 4.90 0.70 

unthinned 1978 25.3 3.5 3.94 0.60 4.66 0.68 
2006 28.8 3.3 4.14 0.57 4.87 0.72 

Whole quadrats 1978 24.6 4.0 3.83 0.25 4.62 0.66 
2006 29.1 3.5 4.13 0.31 4.89 0.70 

Irobo thinned 1978 16.5 2.8 3.26 0.33 4.04 0.59 
2006 18.6 2.6 3.52 0.33 4.21 0.64 

unthinned 1978 16.3 3.1 3.25 0.38 4.03 0.61 
2006 16.8 3.1 3.32 0.39 4.04 0.62 

Whole quadrats 1978 16.4 2.9 3.27 0.18 4.04 0.59 
2006 17.8 2.9 3.46 0.23 4.15 0.63 

H and R designate respectively Shannon index and regularity index while S indicates the richness in crop trees species, i.e. the total number 
of crop trees species represented by at least one tree. The maximum value of diversity is Hmax = log2 (S). µ = mean; σ = standard deviation. 

 
3.2. Ecological Preference of the Crop Trees Species: 
3.2.1. Moist Semi-Deciduous Forest (Mopri): 
 Table 3 gives the results of the preference test of crop trees species in Mopri forest. The last column of the 
table gives the test conclusions. The whole group of crop trees species is characterized by four different profiles: 
(i) Profile ** (very significant): in overall, three crop trees species have this profile. These species are: ABO 
(Entandrophragma cylindricum (Sprague) Sprague); ETI (Copaifera salikounda Heckel) and LOL (Lannea 
welwitschii (Hiern) Engl.). They have a very significant ecological preference either for QE (ABO – 
Entandrophragma cylindricum and LOL – Lannea welwitschii) or for QT (ETI – Copaifera salikounda). 
(ii) Profile * (significant): three Psup values satisfy this condition, but any Pinf value satisfied it. That means 
that no species has a significant preference for QT. It is however noticed that three crop trees species have a 
significant ecological preference for QE. These species are: AKO (Antiaris africana Engl.); FRK (Terminalia 
superba Engl. & Diels) and IRO (Chlorophora sp.). 
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(iii) The profile NS (not significant): it characterizes the preference of DIF (Morus mesozygia Stapf) and KEK 
(Holoptelea grandis (Hutch.) Mildbr.) for QT. This assumption is true for QE, in the case of AIE (Canarium 
schweinfurthii Engl.); ASA (Celtis zenkeri Engl.); DAE (Erythroxylum mannii Olivier); EHO (Ricinodendron 
heudelotii (Baill.) Pierre ex Pax); EMI (Alstonia congensis Engl.); KOT (Pterygota macrocarpa K.Schum); 
OBA (Bombax buonopozense P. Beauv.); OUO (Albizia zygia (DC.) J.F. Macbr.); SAM (Triplochiton 
scleroxylon K.Schum.) and TIA (Entandrophrama angolense (Welw) DC.). 
(iv) Profile NA (nothing to announce): there are 10 crop trees species that have this profile. These species are: 
ACA (Khaya ivorensis A. Chev.); AZD (Afzelia bella Harms var. gracilior Keay); BAE (Fagara sp.); BI 
(Eribroma oblonga Pierre ex A. Cheval.); FRE (Terminalia ivorensis A. Cheval.); FRO (Ceiba pentandra 
(Linné) Gaertn.); IAT (Albizia ferruginea (Guillaumet & Perr.) Benth.); LO (Parkia bicolor A.Chev.); POR 
(Sterculia tragacantha Lindl.) and TCH (Xylia evansii Hutch.). 
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Fig. 2: State of the basal area of the crop trees species before and after the liberation thinning. 
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Table 3: Results of the ecological preference test in Mopri. 
Species M N M n k Pinf Psup Test conclusion 
ABO 13 22 0 11 11 0.002 1.000 ** for QE 
ACA 10 16 5 10 15 0.412 0.850 NA 
AIE 37 54 5 12 17 0.221 0.909 NS for QE 

AKO 20 28 3 12 15 0.039 0.993 * for QE 
ASA 14 24 2 7 9 0.264 0.929 NS for QE 
AZD 20 38 3 7 10 0.525 0.750 NA 
BAE 27 46 9 19 28 0.337 0.822 NA 

BI 8 16 2 7 9 0.332 0.913 NA 
DAE 27 47 4 12 16 0.219 0.918 NS for QE 
DIF 21 38 7 8 15 0.910 0.232 NS for QT 
EHO 28 37 18 27 45 0.315 0.847 NS for QE 
EMI 24 34 11 24 35 0.052 0.985 NS for QE 
ETI 30 48 10 4 14 0.999 0.007 ** for QT 
FRE 38 60 4 4 8 0.855 0.374 NA 
FRK 27 35 4 13 17 0.046 0.989 * for QE 
FRO 14 21 10 16 26 0.526 0.763 NA 
IAT 37 58 2 3 5 0.705 0.650 NA 
IRO 35 53 3 15 18 0.021 0.996 * for QE 
KEK 36 53 15 16 31 0.910 0.187 NS for QT 
KOT 32 46 1 6 7 0.134 0.980 NS for QE 
LO 33 57 4 5 9 0.811 0.432 NA 

LOL 16 22 7 19 26 0.007 0.999 ** for QE 
OBA 35 57 7 16 23 0.270 0.868 NS for QE 
OUO 25 46 4 16 20 0.078 0.978 NS for QE 
POR 24 30 10 15 25 0.369 0.812 NA 
SAM 13 13 3 7 10 0.113 0.979 NS for QE 
TCH 36 58 3 3 6 0.851 0.419 NA 
TIA 8 10 2 7 9 0.077 0.992 NS for QE 

 
 For a species which has no preference for those categories of subplots, it can be theoretically expected that 
its appearances (k) will be distributed in proportion of the number of QE and QT. In theory, it would suppose 
that the appearances number (k = 10) of Afzelia bella Harms (AZD) should be divided into m = 3.4 and n = 6.6. 
These values are closed to the observed values: m = 3 and n = 7. The test result shows that thinning have no 
effect on Afzelia bella Harms. So its notation should be NA. 
 The four profiles imply four different strategies of space expansion according to the thinning treatment. 
This statement is supported by the fact that these species were not initially more abundant in the thinned 
subplots than in the unthinned ones. Therefore, it can be concluded that the crop trees species whose preference 
is very significant contribute more to the enrichment process than those whose preference is significant. Those 
latter species enrich more the stand than species whose preferences are not significant (NS). Excepted the crop 
trees species whose profile is NA, all the other species have a preferential tendency which is more or less 
important for one of the subplots categories. Thus DIF, ETI and KEK enrich preferentially the unthinned 
subplots while ABO, AIE, AKO, ASA, DAE, EHO, EMI, FRK, IRO, KOT, LOL, OBA, OUO, SAM and TIA 
enrich preferentially the thinned ones. 
 
3.2.2. Moist Evergreen Forest (Irobo): 
 As the experimentation deals with species whose values M, N and k are higher or equal to 5, only 10 among 
the 46 crop trees species in Irobo were tested. Table 4 shows the test result for these species. Excepted AZB 
(Lophira alata Banks ex Gaertn.) and IRO (Chlorophora sp.) whose profile is NA, the 8 other species have a 
preference more or less important according to the empty thinned subplots (QE).  
 The preference of  BAE (Fagara sp.) is very significant (**) while the preference of AIE (Canarium 
schweinfurthii Engl.); EHO (Ricinodendron heudelotii (Baill.) Pierre ex Pax) and ILO (Pycnanthus angolensis 
(Welw.) Warb.) is significant (*). Species such as BI (Eribroma oblonga Pierre ex A. Cheval.); EMI (Alstonia 
congensis Engl.); MAK (Tieghemella heckelii Pierre ex A. Cheval) and POU (Funtumia africana (Benth.) 
Stapf) also seem to have a preference for QE, but this tendency is not significant (NS). 
 No species appears preferentially in QT. That means that in Irobo forest, the natural enrichment firstly took 
place in the thinned subplots. Only 4 crop trees species (AIE, BAE, EHO, and ILO) played a significant role in 
this process. In terms of space expansion, these are the 4 crop trees species which really have benefitted from 
the thinning treatment. 
 Figure 3 summarizes the test conclusions for the whole crop trees species analyzed in Mopri and Irobo 
forests. 
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Table 4: Result of the ecological preference test in Irobo. 
Species M N m n k Pinf Psup Test conclusion 

AIE 20 34 1 9 10 0.049 0.995 * for QE 
AZB 32 52 3 4 7 0.754 0.542 RAS 
BAE 20 26 4 18 22 0.001 1.000 ** for QE 

BI 30 46 2 7 9 0.226 0.937 NS for QE 
EHO 28 33 5 14 19 0.036 0.991 * for QE 
EMI 39 55 2 9 11 0.087 0.982 NS for QE 
ILO 17 35 2 15 17 0.023 0.997 * for QE 
IRO 34 49 3 7 10 0.347 0.864 RAS 

MAK 16 22 4 11 15 0.116 0.972 NS for QE 
POU 27 40 4 14 18 0.059 0.985 NS for QE 

 

 
 
Fig. 3: Ecological preference diagram for Mopri and Irobo crop trees species. 
 
 This is the classification of Mopri species (in top) and Irobo species (bottom) along the ecological 
preference gradient. On both sides of profile NA (Nothing to Announce), we find the species whose preference 
is marked for QT (unthinned subplots) on the left, and for QE (thinned subplots) on the right. 
 
4. Discussion:  
4.1. Forest Natural Enrichment Process: 
 Among 75 trees species commercialized in Côte d’Ivoire, 57 (76%) are present in Mopri forest, 46 (61.4%) 
in Irobo forest and 65 (86.7%) in both sites. Regarding these high proportions of crop trees species, it can be 
assumed that Mopri and Irobo forests are representative of the rainforests in Côte d’Ivoire. The positive effect of 
the thinning treatment on natural enrichment process is shown out by the significant difference that exists 
between the richness of the two categories of subplots (Kammesheidt, 1998). The positive correlation between 
this process and the initial floristic composition could be explained by the fact that the natural enrichment is 
more important in Mopri forest than in Irobo forest (Idol et al., 2007; Zobi and Chessel, 2007). Indeed, the stand 
of Mopri forest is naturally richer and more diversified than Irobo forest. However, the increase of the richness 
and the specific diversity for the unthinned subplots would mean that the initial floristic composition was not yet 
stable when the silvicultural experimentation was installed in 1978. Although the natural enrichment depends on 
the category of the subplots (Chave et al., 2008; Dolanc et al., 2003), the crop trees richness seems to be 
stabilized around a value which also depends on the types of forest: 29±4 species ha-1 in Mopri forest and 17±3 
species ha-1 in Irobo forest. That means that the "optimal richness" or "optimal capacity" in crop trees species of 
Mopri forest would range from 25 to 33 species ha-1. 
 In addition, regarding the enrichment of crop trees species, Irobo forest remains globally stable. It can be 
observed that there is no appearance of new species in this forest. The natural enrichment of forest would be like 
a dynamic process where the "optimal richness" constitutes the final outcome. In fact, only endemic species 
appear in subplots from where they were absent initially. Considering the very low number (2) of species 
appearance in Mopri forest, it can be concluded that the enrichment would proceed in the same way like in Irobo 



Aust. J. Basic & Appl. Sci., 7(6): 378-387, 2013 

385 
 

forest. Therefore, the two new species could have been omitted during the inventory of 1978 or they were 
represented by only small trees which stem diameter at ankle height was lower than the recruitment threshold 
(10 cm). 
 It is like if the appearance of species took place according to a certain "spatial expansion strategy" (Foody 
and Cutler, 2006; Zobi, 2002). For each species, this strategy could be expressed by the conquest of spaces 
potentially available (empty subplots). Consequently, it corresponds to the probability that a species appears in a 
subplot where it was absent initially. 
 
4.2. Species Ecological Preference Test: 
 The ecological preference test allows to measure the species preference. These species preference can be 
compared to a closed stand or an opened one. Based on that, the thinned subplots were compared to the opened 
stand. The unthinned subplots were also compared to the closed stand. Based on this point of view, the approach 
consists in determining the species which profit more from the thinning treatment. 
 In silviculture, thinning treatment is considered like a disturbance of a stand and like a reduction of inter-
specific competition (Leary, 1985; Montagnini et al., 1997; Zobi, 2002). Therefore, it can be concluded that 
most of the species which have a significant preference for thinned subplots are more sensitive to density than 
those which have a significant preference for unthinned ones. That conclusion is illustrated in Mopri forest by 
the opposition of the very preferentially significant tendency of ABO (Entandrophragma cylindricum (Sprague) 
Sprague) and LOL (Lannea welwitschii (Hiern) Engl.) for the thinned subplots against that of ETI (Copaifera 
salikounda Heckel) for the unthinned ones. In contrast, Entandrophragma cylindricum and Lannea welwitschii, 
Copaifera salikounda seems to develop better in undisturbed (unthinned) stands which are relatively dense and 
closed. 
 The probabilities Pinf and Psup defined formerly, can hardly be applied to crop trees species such as Celtis 
mildbraedii Engl. and Gambeya africana (A. DC.) Pierre in Mopri forest, or to Dacryodes klaineana (Pierre) 
H.J.Lam and Scottellia klaineana (Pierre) in Irobo forest. Indeed, these species are present in more than 95% of 
the subplots in 1978 and 2006. So the proportion of the empty subplots is very weak (lower than 5%). The 
number of appearances of these species is therefore too weak (k < 5) to test their ecological preference. 
However, their preference could be determined by a correlation analysis between their growth and their density 
according to each category of subplot (Jeffrey, 2001; Leary, 1985).  
 
4.3. Spatial Expansion Strategy of Crop Trees Species: 
 Species such as AIE (Canarium schweinfurthii Engl.); BAE (Fagara sp.); BI (Eribroma oblonga Pierre ex 
A. Cheval.); EHO (Ricinodendron heudelotii (Baill.) Pierre ex Pax) and IRO (Chlorophora sp.) are common to 
both types of forest. The intensity of their preference varies according to the site. This variability could be 
explained by the use of commercial names of the crop trees during the inventories. Indeed, the genus 
Chlorophora contains two different crop trees species: Chlorophora regia (A. Cheval.) C.C. Berg and 
Chlorophora excelsa (Welw.) Benth. The species Chlorophora regia is mainly found in the moist semi-
deciduous forest (Mopri) while Chlorophora excelsa grows especially in moist evergreen forest (Irobo). But, the 
same commercial name "Iroko" (IRO) is employed to indicate both of them. So, it is logical that the ecological 
preference varies according to the site. 
 The same argumentation can be support for the two species of the genus Fagara. The species Fagara 
tessmannii Engl. is present in evergreen forest (Irobo) and the diameter of its trees can exceed 50 cm while 
Fagara macrophylla Engl. (BAE) is rather frequent in the semi-deciduous forest (Mopri) and its diameters don’t 
reach 50 cm. But during the inventories, the same commercial name "Bahe" (BAE) has been employed to call 
both of them. According to Normand and Paquis (1977), when F. macrophylla and F. tessmannii are adult, they 
produce a wood which is yellow-brown, hard and heavy. That supposes that they would be "slow grown 
species". Therefore in Irobo forest, regarding the very significant preference of BAE (most probably F. 
tessmannii) for the thinned subplots (QE), it can be assumed that the appearance process would not be 
automatically related to the species type. Indeed, the fact that the trees are shade species (slow grown species 
with hard and heavy wood) or light species (fast grown species with tender and light wood) would not depend 
on the appearance process. 
 In Mopri forest, as Copaifera salikounda Heckel (ETI) presents a very significant preference for unthinned 
subplots, it can be considered like a shade species. However, this species produces a wood which is half-hard 
and brown reddish. Based on its ecological preference, Copaifera salikounda Heckel would be a "shade species" 
but the physical properties of its wood are rather those of "light species". Those oppositions reveal that the 
ecological preference could not be explained only by the physical properties of wood. Other parameters such as 
the influence of the soil (Widenfalk and Weslien, 2009; Zobi, 2002) should be taken into account in some 
advanced studies. 
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5. Conclusion: 
 Several authors had studied various aspects of rainforest such as: (i) species biogeography (Chave, 2000; 
Foody and Cutler, 2006; Kammesheidt, 1998); (ii) specific richness distribution (Montagnini et al., 1997; 
Reinhard and Bernd, 1998; Tietjen and Huth, 2006; Widenfalk and Weslien, 2009); (iii) correlations between 
the abundance and the species distribution, etc. (Roy, 2005; Idol et al., 2007; Leary, 1985). The present study 
deals with the same topic, but it takes into account a new aspect which is "ecological preference of species". 
 This aspect deals with some issues such as: what crop trees species really take part in the natural enrichment 
of rainforests? It is known now that a great potential exists to restore and to rehabilitate the richness of forests. 
That is done through the application of some basic principles of forest ecology and management using selective 
thinning approaches. 
 Results allow to conclude that, among the crop trees species, those which were initially less widespread 
have benefitted much more from the liberation thinning. Indeed, 28 years after liberation thinning, those species 
appeared in subplots from where they were initially absent. According to the sites, they are: 
 in Morpi forest: Entandrophragma cylindricum (Sprague) Sprague; Antiaris africana Engl.; Copaifera 
salikounda Heckel; Terminalia superba Engl. & Diels; Lannea welwitschii (Hiern) Engl. and Chlorophora sp. 
[Chlorophora excelsa (Welw.) Benth. and Chlorophora regia (A. Cheval.) C.C. Berg] 
 in Irobo forest: Canarium schweinfurthii Engl.; Ricinodendron heudelotii (Baill.) Pierre ex Pax; Pycnanthus 
angolensis (Welw.) Warb. and Fagara sp. [Fagara macrophylla Engl. and Fagara tessmannii Engl.]. 
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