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Abstract

The present study investigates the importance of harvesting regimes and natural disturbances on the diversity, the
population structure and the regeneration trends of the woody plant species of Sahelian rangelands and their
implication for sustainable browsing management. Woody plants data was collected in 42 plots established in the
interval of 500 m, along transects distant of 500 m, in the direction South-west and North-east of the study area. In
each plot, height and diameter at breast height of each individual mature tree and shrub (diameter < 4 cm), and the
number of seedlings (diameter > 4 cm) were recorded. A total number of 21 plants species were recorded, with low
values of the Shannon-Weaver (H’) index and the evenness of Piélou (E) indicating very low diversity of
rangelands. Analysis of size classes distribution of diameters and heights of the whole vegetation and the three
dominants species revealed high density of juveniles, relating to stable populations. The juvenile plants
represented more than 80 of the vegetation with diameters and heights respectively lower than 6 cm and 2.5 m,
indicating shrubby vegetation. Combretum micranthum, Guiera senegalensis and Combretum nigricans which
have the highest values of IVI, have also the greatest rates of seedling and vegetative propagation densities. Stable
populations with strong capacity of regeneration under harsh area and high human pression such as logging and
grazing can be related ecological success. Management practices that promote plantations or managing natural
regeneration of such species can facilitate fast secondary succession towards desirable condition.
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1. Introduction

Woody as well as herbaceous plants provide various services of great socioeconomical and ecological importance.
Beyond their critical role in the Earth functioning system, plants contribute to human welfare either directly or
indirectly, and therefore represent part of the total economic value of the planet (Costanza et al., 1997; MEA,
2005). Livestock grazing is one of the main disturbance factors that affect plants composition and generally
biodiversity (Biondini et al., 1998; Cingolani et al., 2005). In the dry systems such as the Sahel, wherein most of
the consuming feed by livestock is supplied by rangelands, loss of biodiversity towards unpalatable species is
critical for sustainable livestock production. Hence, sustainable conservation and utilization plans based on sound
scientific knowledge are needed to be adopted to avoid further degradation of rangelands.

Woody plants such as trees and shrubs are important component of Sahelian vegetation as well as plants
communities. They are present almost everywhere in the Sahel, with a density of 100 to 400 individuals per hectare
(Le Houerou, 1980a). Source of fodder with relatively higher nutrients and minerals contents, woody vegetation
also provides timber, fuelwood, etc., as well as ecosystem processes regulation like soil and site stability, nutrient
cycling and water infiltration (Le Houerou, 1980b; von Maydell 1990; Arbonnier, 2002). Despite these
socioeconomical and ecological importance, sahelian vegetation particularly woody plants are considerably
affected by human activities in many ways, principally agriculture, livestock grazing and logging (Hiérnaux &
LeHouérou, 2006), exacerbated by the current climatic trends (Ozer, 2010; Nicholson and Grist, 2001). Currently,
sahelian vegetation are among the most threatened plants with a relatively very low density and poorly natural
regeneration of most the main emblematic plants species such as Pterocarpus erinaceus (Rabiou et al., 2005),
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Prosopis africana (Abdou et al., 2016), Combretum nigricans (Amani, 2016), etc. Species conservation in this
context is a critical issue due to the lack of sufficient information on the conservation status of a large number of
species. Study of rejuvenation status of species using analysis of size class distribution method can provide
valuable information about the impact of disturbances on vegetation changes (Lykke, 1998). In this study, we
investigate the importance of harvesting regimes and natural disturbances on the population structure and the
regeneration trends of the woody plant species of Sahelian rangelands and their implication for sustainable
browsing management.

2. Materials and Methods
2.1 Description

The study was conducted in the Central-south of Niger, at the Sahelo-soudanian bioclimatic region (Saadou, 1990).
The study area extensively grazed by livestock is close to the protected forest of Baban Rafi. It has also
experienced high immediate local community activities such as wood harvesting to supply urban areas and
rangelands conversion to cropland. These have made the system highly degraded with locally high barren surface.
The climate of the area is tropical arid with a mean annual of rainfall of 481 mm (data from 1985 to 2016,
Meteorological data from Baban rafi), received from June to September with a peak in August. The mean annual of
temperature is 33 °C, with the lower values of 24.8°C and 22.5° C recorded respectively in December and January
and highest values of 32,9°C and 28,8°C, recorded in May and October. The soils in the study area represent two
geomorphological units: the lateritic plateaus formed by the deposit of the Continental Hamadien, and the dry
valleys, sandy terraces and fixed dunes made by the Quaternary sands (Mahamane et al., 2009). The principal tree
species in the study area are Sclerocarya birrea (A. Rich.) Hochst., Anogeissus leiocarpus (DC.) Guill. et Perr.,
Combretum micranthum G.Don., Cassia singueana Del., Boscia salicifolia Oliv. and Boscia senegalensis (Pers.)
Lam. Ex Poir. on the lateritic plateaus, and Prosopis africana (Guill. Et Perr.) Taub., Lannea microcarpa Engl. et
K. Krauze, Adansonia digitate L., Bauhinia rufescens Lam., Ziziphus spina-christi (L.) Desf., Piliostigma
reticulatum (DC.) Hochst., Hyphaene thebaica (L.) Mart., Annona senegalensis Pers., Faidherbia albida (Del.) A.
Chev., Catunaregam nilotica (Stapf) Tiruvengadum and Albizia chevalieri Harms. on the sandy terraces, fixed
dunes and dry valleys (Saadou, 1990). Most of these woody species are locally endangered.

2.2 Methods of Data Collection

Trees and shrubs characteristics have been measured in 42 rectangular plots of 20 m x 50 m (1000 m?). In each
pastureland, the plots have been laid in the interval of 500 m, along transects distant of 500 m, established in the
direction South-west and North-east (Figure 2). In each plot, Height and diameter at breast height of each
individual mature tree and shrub (diameter <4 cm), and the number of seedlings (diameter < 4 cm) were recorded.
Height of each individual has been measured with graduated stake. For each mature individual plant,
circumference at breast height was measured with tailor’s tape. Nomenclature adopted for plants is that of Lebrun
and Stork (1991-2015). The list of the specie families recorded in this study was arranged according to the Linear
Angiosperm Phylogeny Group (LAPG) IV (APG, 2016).
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Figure 2. Lay out and sizes of sample plots and transects in the study arca

2.3 Methods of Data Analysis

First, the densities (N) as well as the basal area of each taxon were assessed. The density (N) of each taxa is
assessed as the number of the taxa per unit area:
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With n is the total number of individual plants of the species in the area and s the surface of the area in ha. Then, we
computed the basal areal (G) of the whole study area and the Importance of each taxon on the rangelands are
evaluated following calculating of the importance value index (IVI) (Curtis & Macintosh, 1951). G of the whole
study area is computed by:
=¥ g2

G—4S i=1d1, )
With d is the trunk diameter (cm) of the tree i at breast height and S the area of the study plot (ha) (Van Laar &
Akca, 2007); and the IVI of each species is computed following this formula:

IVI (%) = relative density + relative frequency + relative basal area, 3)

with the relative basal area of one species is the quotient of its basal area per total basal area of total species, the
relative density of a species is the ratio between its absolute density and total absolute densities of all species
expressed in percentage. The relative frequency of a species is the ratio between its specific frequency and the total
specific frequencies of all the species expressed in percentage. The alpha diversity of the wood vegetation is
assessed following Shannon-Weaver (1949) index (H’), evenness (E) of Pi¢lou (1966) as well as floristic richness
(i.e. number of species in a sample unit; R). H’ is calculated using this formula:

H' = ¥5_, Pilog2Pi, 4)

With pi between 0 and 1 is the relative proportion of frequency of species i; Pi = ni /Zni , with n =average
frequency of specie i and Xni = total frequency of all species. E the degree of diversity of a given site compared
with the maximum possible:

Hr
Hmax

E =

; H’ Hmax = logsS, (%)

With Hmax is the maximum theoretical index, H’ is the Shannon-Weaver (1949) index and S is the number of
species recorded in a given site. Finally, the parameters of the Weibull distribution were estimated from diameter
and height data by using Minitab 14 (Dytham, 2011). The Weibull distribution with three parameters (a, b and c),
characterized by flexibility of use and variability, enabled the improved adjustment of distribution curves. The
probability density function, f(x) (Rondeux, 1999), was calculated by computed the following formula:

oz o (]
(6)

Where x is the diameter or the height of the trees and f(x) the probability density value, a is the position parameter,
b is the scale or size parameter and c is the shape parameter related to the observed structure.

3. Results

3.1 Woody Plants Diversity and Importance

A total number of 21 native woody plants species have been recorded in 42 plots of the rangelands of Baban Rafi.
Alpha diversity analysis based on the Shannon-Weaver (H”) index and the evenness of Piélou (E) revealed very
low diversity of the sahelian rangelands woody plants with respectively 1.76 and 0.39 of H’ and E. The low
amount of E indicates the dominancy of few numbers of dominant species. The few common and widespread
species confirmed by the IVI index and that have the highest frequencies, dominances and densities are
Combretum micranthum, Guiera senegalensis and Combretum nigricans with respectively 124.60, 103.80 and
66,98 of IVI (table 1). C. micranthum which has the greatest IVI index, has also the highest amounts of basal and
relative dominances, and the lowest relative frequency. It is followed by C. nigricans for the basal dominancy,
which has the intermediate value of relative frequency and the lowest relative dominancy. Finally, C. micranthum
is followed by G. senegalensis for the value of relative dominancy, which has the highest value of relative
frequency and the lowest value of basal dominancy. However, these rangelands have three Combretaceae shrubs
as dominant plants species. The other species are low represented in the study area with a very low IVI index, some
of these species such as Prosopis africana and Sclerocarya birrea are threatened in these rangelands.
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Table 1. Importance value index of the twelve most dominant species of the study area

Plant species Family Relative Basal area (%)  Relative frequency (%)  Relative density (%) IVI
Acacia erythrocalyx Brenan. Fabaceae 0,31 0,20 0,26 0,77
Boscia angustifolia A Rich. Capparaceae 0,02 0,25 0,00 0,27
Boscia senegalensis (Pers.) Lam. Ex Poir. Capparaceae 0,43 1,07 0,29 1,79
Combretum glutinosum Perr ex DC Combretaceae 0,16 0,05 0,05 0,25
Combretum micranthum G.Don. Combretaceae 54,77 22,82 47,02 124,60
Combretum nigricans var elliotii (Engl. Ex Diels) Aubrev. ~ Combretaceae 30,08 24,16 12,75 66,98
Feretia apodanthera Del. Rubiaceae 0,02 0,09 0,00 0,11
Grewia flavescens Juss. Malvaceae 0,08 0,34 0,03 0,45
Guiera senegalensis J.G.Gmel. Combreataceae 13,83 50,75 39,22 103,80
Bombax costatum Pellegr. Bombacaceae 0,04 0,02 0,00 0,06
Piliostigma reticulatum (DC.) Hochst. Fabaceae 0,25 0,20 0,37 0,83
Sclerocarya birrea (A.Rich.) Hochst. Anacardiaceae 0,02 0,02 0,01 0,05

3.2 Structure of the Whole Rangelands Vegetation

The DBH classes distribution of the whole rangelands plants species exhibited at the lowest class
(4cm <DBH<6cm), high density of plants (Figure), this class of diameter represented 81% of the whole vegetation.
The density of the other diameter classes decreases with increase of the diameter size. Furthermore, plants with
diameter range from 8 cm to 10 cm become very scarce and those with diameter superior to 10 cm are completely
missing in the ranges. The distribution of these diameter fit the theoretical distribution of Weibull with the shape
parameter ¢ = 1.596 ranged between 1 and 3.6 which indicates vegetation with predominance of young individuals.
Moreover, distribution of heights classes indicates also highly predominance of young individual plants, with
heights lesser than 2.5 m, these plantlets represented 86% of the whole vegetation. The distribution of Weibull
indicates a shape parameter of ¢ = 2.625 and confirmed the results from diameter classes distribution (Figure 2).

mmm observed density  =fli=Weibull theorical density mmm observed density ~ =fli=Weibull theorical density

900 140

800 — — —

700 a=4;b-1.67;¢=1.59 120 a=0;b-3.23 ; c —2.626
Z 600 =100
2 500 2 50 -
2z 2

550 a 40

100 20. 1

0 - 0
4.6 6_8 8_10 10_12 12_14 14_16 16_18 0-1 1-15 152 2-25 253 3-35 3.54 >4

DBH classes (cm)

Heights classes (m)

Figure 2. Diameter and heights class distribution of the vegetation of the whole study area

According to IVI index analysis, three species such as Combretum micranthum, Guiera senegalensis and
Combretum nigricans have been identified as dominant species of the rangelands. The observed distribution of the
three shrubs diameter classes structure as well as heights classes structure fit well with shape parametter of Weibull
distribution. The DBH classes distribution for the three species reveals ¢ shape parameter of Weibull distribution
ranged between 1 and 3.6 that indicates vegetation with predominance of young individuals as well as the DBH
classes distribution for the whole rangelands excepted Combretum nigricans DBH classes distribution which has a
“inversed” J shape with a shape parameter ¢ = 0.7554. These two models of distribution similarly indicate
populations with dominance of juvenile plants. This results is confirmed by the heigt classes distribution of the
three plants species which have all their shape parameter of weibull ranged from 1 to 3.6. The more common
heights classes of the three populations of the rangelands consisted of plants ranging from 1 m to 3 m in tall, these
heights classes are more than 80% of the total plants occurred in the rangelands.
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Figure 3. Diameter and height size classes of the three dominants species in study area (A = Combretum
micranthum, B = Combretum nigricans and C = Guiera senegalensis)

3.3 Recruitment of Woody Plants Species

Two mechanisms of wood plants regeneration have been identified in the rangelands which include seedling and
vegetative propagation (layering and root sucker). The three important species according to IVI index analysis
have also significant capacity of recruitment with high densities of seedling and vegetation propagation. Guiera
senegalensis have the highest density of seedling with 4290.29+271.34 plants/ha, followed by Combretum
nigricans (86.67+89.38 plants/ha) and Combretum micranthum (78.33£55.34 plants/ha). In contrary, Combretum
micranthum which have the second highest density of seedling, have the strongest density of vegetative
propagation (36.0+£29.4 plants/ha), followed by Guiera senegalensis (27.2+23.1 plants/ha) which have the highest
seedling density, Gardenia sokotensis (14,1£8,9 plants/ha), Grewia flavescens (13,5£8,6 plants/ha) and
Combretum nigricans (12,6 £10,9 plants/ha) which has the third density of seedling. Most of the species have
strong rate of regeneration (>50%) excepted Prosopis africana and Sclerocarya birrea which have the lowest
recruitment capacity.
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Table 2. Seedling and vegetative propagation densities and regeneration rates of the woody plants species

Seedling density Vegetative propagation density

Species (Number of seedling ha™) (Number of regeneration ha™") Regeneration rate (%)

Average Standard deviation Average  Standard deviation
Acacia ataxacantha 0,95¢ 3,70 5,54 2.1 100,00
Acacia erythrocalyx 0,244 1,54 2,24 1.7 55,56
Asparagus africanus 2,144 4,70 5,94 32 100,00
Boscia angustifolia 0,95¢ 431 2,5¢ 2.4 100,00
Boscia salicifolia 2.,86¢ 5,54 1,4¢ 1,0 92.86
Boscia senegalensis 8,57° 13,17 7,9¢ 9,8 94,44
Combretum micranthum 78,33° 55,34 36,0° 29,4 91,68
Combretum nigricans 86,67° 89,38 12,6 10,9 89,34
Sterculia setigera 0,244 1,54 0,04 0,0 100,00
Dichrostachys cinerea 0,244 1,54 9,04 9,0 100,00
Feretia apodanthara 0,714 2,61 8,7¢ 6,7 100,00
Gardenia sokotensis 1,90¢ 6,71 14,1° 8,9 100,00
Grewia flavescens 2.,86¢ 9,18 13,5° 8,6 98,07
Guiera senegalensis 429,29* 271,34 27,2% 23,1 98,93
Gymnema Silvestre 0,484 2,16 10,0¢ 2,8 100,00
Maerua angolensis 1,434 3,54 4,34 4.8 100,00
Piliostigma reticulatum 0,95¢ 6,17 9,9¢ 7,0 88,46
Prosopis Africana 0,00¢ 0,00 1,0¢ 1,0 0,00
Sclerocaria birrea 0,00¢ 0,00 1,0¢ 1,0 0,00
P-value <0,001 <0,001 -

4. Discussion
4.1 Plants Composition and Diversity

The rangelands under this study is relatively poorly diversified with a total number of 21 woody plants species in
accordance with vegetation inventory by Ndiaye et al., (2010) at Ranerou but lower than Ngom et al. (2013) in the
Ferlo and Baggian et al. (2014) in the agroforestry park of Niger. Among these species, Combretum micranthum,
Guiera senegalensis and Combretum nigricans belonging to the family of Combretaceae appear clearly as the
most common and widespread species with a very high importance values. These species are among the most
importance species recorded in the sahelian region by inventories (Ngom et al., 2013; Manzo et al., 2017: Baggian
et al. (2014). The dominance of those three species explains the low diversity and evenness of the rangelands.
Furthermore, these species are widespread in the sahelian bioclimatic region (Arbonnier, 2004), they are mainly
associated to the tiger bushes (Miiller, 2013; Saley, 2012) generally harvested for firewood to supply urban areas
(Montagne & Housseini, 1997; Montagne, 1997). Logging may be their main threat in the Western Niger due to
the high quality of their firewood. The other species, in a total of 18 species, are scattered with a very low value of
IVIindex. These scattered species include Acacia ataxacantha, Acacia erythrocalyx, Asparagus africanus, Boscia
angustifolia, Boscia salicifolia, Boscia senegalensis, Sterculia setigera, Dichrostachys cinerea Feretia
apodanthara, Gardenia sokotensis, Grewia flavescens, Gymnema silvestre, Maerua angolensis, Piliostigma
reticulatum, Prosopis africana and Sclerocaria birrea. Although these species are scarce in the rangelands, they
are well represented in the nearby protected forest of Baban Rafi, hence their lowly IVI index in the study area
could be explained by the regime of exploitation mainly due to grazing because of their great palatability and the
quality of their timber or wood (Bognounou et al., 2010). According to the local communities, the main human
pressions in the area are grazing and browsing by herbivore, logging, rangeland conversion to croplands, etc.
which in results affect plantlets growing, establishment and distribution. The species which have the lowest VI,
have also the lowest regeneration densities with low number of seedling, layering and root sucker excepted
Gardenia sokotensis, Grewia flavescens, Gymnema Silvestre, Piliostigma reticulatum that have relatively strong
vegetative propagation rates. Their lowest seedling density could be linked to the disappearances or the scarcity of
adult plants fruiterer through harvesting and pruning for livestock feeding. These may limit seeds providing which
combining with livestock browsing affect seedling establishment and density. Combretum micranthum, Guiera
senegalensis and Combretum nigricans which have the highest IVI, have also the highest density of regeneration
despite their great harvesting to supply firewood. These species are lowly used for livestock feeding. The high
importance of these species in the rangelands could be linked to their strong capacity of regeneration by seeds and
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vegetation propagation and their lower pruned or browsed for livestock feeding. Strong capacity of regeneration of
Combretum micranthum, Guiera senegalensis and Combretum nigricans have been notified by several studies
(Charahabil et al., 2013; Ngom, 2013; Baggnian, 2014; Manzo et al., 2017). Species with great IVI and
regeneration rates in harsh area like the Sahel, are indications of ecological success. Because of their ecological
success in the sahelian region, these species have great potential to resist to drought and the elevation of local
temperature (Savadogo et al., 2016). Management practices that promote plantations or managing natural
regeneration of such species can facilitate fast secondary succession towards desirable condition.

4.2 Dynamic of Sahelian Rangelands Woody Plants

Globally, analysis of size classes distribution of diameter and height of the whole vegetation and each of the three
dominant species reveal clearly the predominance of plantlets with total lacking of adults with height superior to 4
m, which indicating shrubs vegetation, consistent with Miiller (2013) in the tiger bush of Burkina Faso and
Charahabil et al. (2013) in the soudano-sahelian region of Senegal. In arid areas, shrubby plants tend to be most
abundant than trees because plants expand horizontally rather than vertically in order to provide safe microsites
(Galal, 2011). Furthermore, horizontal expansion tends to increase soil capital resources such as water, soil organic
matter, nutrients, etc. capturing by increasing soil surface roughness and reduce soil heats by shading. Capital
resources capturing and soil surface heating reducing may augment soil biota activities and safe microsites
availability. In xeric environment, these conditions are essential for vegetation recovery because, they contribute
in enhancing conditions that facilitate seed germination, seedling and sapling growing and maintaining, essential
for vegetation recovery. More than 90% of the whole plants have less than 8 cm of diameter, revealing vegetation
dominated by seedling and sapling, in accordance with Charahabil et al. (2013). The predominance of young plants
confirmed the high capacity of regeneration of the dominant species and the low distribution of adult plants
indicates their highly exploitation. The predominance of young over the mature plants in a system have been
attributed to stable population (Galal, 2011). Moreover, high abundant of juveniles is essential for a population to
maintain itself (Lykke, 1998; Okiror et al., 2012). In fact, the resilience of these rangelands depends to the
availability of safe microsites and capital resources capturing, favoring the self-regeneration of the plants. Overall
these rangelands vegetation as well as the populations of Combretum micranthum, Guiera senegalensis and
Combretum nigricans are stable communities. Adult plants even in less density in stable communities are very
important for secondary succession due their high capacity to provide seeds. Overexploitation of adult plants by
wood harvesting or pruning to feed livestock can limit seed availability which in term can reduce seedling
establishment. Safe microsite destruction by livestock trampling due to overstocking can also restraint seed
germination by increasing soil erosion through wind and run off. Thresholds that restraint seed providing and
germination can explain the lowly occurrence of several plant species like Prosopis africana and Sclerocaria
birrea, etc. Lack or scarce of adult plants indicates either their highly mortality or small fraction of the seedling and
sapling classes usually survives to the larger tree classes (Okiror et al., 2012). Mortality of seedling or sapling or
both can be linked to lack of safe microsite or small terrestrial animals as well as the highly seasonality and amount
of the rainfall particularly in the Sahel where rainfall pattern is correlated with the distribution of the main common
species (Agea et al. 2005; Schmidt et al., 2005). But at adult stage, woody plants health in rangelands can be
affected by many biotic and abiotic factors, including natural and human-caused disturbances and variation in
climates. Sustainable grazing management of sahelian rangelands may depend on many factors, including safe
microsite availability to sustain seed germination, seedling and sapling growing, anthropogenic activities to
control logging, rangeland conversion to crops lands, stocking rates and the future climate changes. Seemly,
condition of controlling grazing intensity and limiting rangelands conversion to croplands can alleviate the
negative effect of overstocking by limiting safe microsites destruction by trampling and by increasing recovery
time after grazing events. On grazing lands, safe microsite availability is crucial for plants recovery (Elmarsdottir
et al., 2003; Oesterheld & Sala, 1990) as well as management strategies such as rotation, mobility, etc. that
increase recovery time after grazing events (Fuhlendorf & Engle 2001; Yeo, 2005).

5. Conclusion and Implication for Sustainable Rangelands Management

Finding of this study reveal clearly poorly diversified rangelands with high predominance of three shrubby species:
Combretum micranthum, Guiera senegalensis and Combretum nigricans, the other woody species are scarce in the
study area excepted in the nearby protected forest of Baban Rafi. The high dominant species have also the greatest
regeneration rates through seeds and vegetative propagation. The high distribution of shrubby plants is favourable
in increasing safe microsites. Increasing safe microsites enhance seed germination, seedling and sapling
development. This condition may facilitate secondary succession which in term may improve biodiversity in
which depends rangelands health. Although these species have stable and great regeneration rates, this situation
can change if management practices that alleviate human pression are not adopted by local communities. These
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practices can result in preserving abundant plants species and direct secondary succession towards desirable
condition.
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