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Summary 

 
Justification The palm species Attalea phalerata shapes the forest-savannah mosaic in the Beni 

savannah in Northern Bolivia. A. phalerata is an ecosystem engineer, because it dominates the two 

principal landscape elements; the forest islands and gallery forest. A. phalerata is also a vital food 

and nesting source for numerous plant and animal species, such as the critically endangered blue-

throated macaw. The population of this palm species is declining in the forest islands, due to low 

regeneration.  

 

Aim In this case study on shifting landscape mosaic I examine the (a)biotic factors influencing the 

population structure and dynamics of A. phalerata in the forest islands and gallery forest. The 

conceptual model hypothesizes that landscape mosaic, density-dependent mortality, environmental 

conditions and disturbance affect the lifecycle of this palm species.  

 

Study design To study the different habitat types of A. phalerata 91 plots of 10x20 meter were 

established. Data on habitat characteristics, as sand content of the soil, vegetation cover, cattle 

pressure and position in the landscape mosaic and data of 500 palms and 3700 juveniles on among 

others condition, fire damage and light availability were collected. Matrix projections were executed 

to predict population development in 50 years and a structural equation model was developed to 

reveal causal relations affecting the juvenile density.  

 

Results Matrix projections show that in 50 years the landscape mosaic of the gallery forest is likely to 

remain stable, but that the forest islands tend to decline in size due to a decrease of juveniles in the 

forest island edge. Juvenile density is positively related to the condition of the juveniles, the amount 

of fruits, the bare soil surface, probably because of a reduced competition for resources, and sand 

content of the soil, which could be a measure for inundation or facilitate root penetration. Juvenile 

density is indirectly negatively affected by fire because it reduces the condition of the adult and so 

the fruit production. Juvenile density is also indirectly negatively affected by grazing, which reduces 

the condition of the juvenile.  

 

Conclusions This study shows that even for A. phalerata, a species adapted to a human influenced 

and dynamic ecosystem, the lifecycle is mostly influenced by disturbance, such as fire and cattle 

grazing, followed by environmental factors, such as soil characteristics. The population is not 

resistant to a high cattle and fire disturbance, and soil characteristics, such as sand content and bare 

soil surface, are important for the juvenile density. To restore the regeneration and population 

structure on the forest islands it is recommended to reduce cattle pressure and fire frequency. 

Keywords: landscape mosaic, Attalea phalerata, regeneration, population dynamics, fire, cattle
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Introduction 

 
Natural landscapes and how they change over time is directed by dynamic processes on different 

scales. The landscape is a composition of ecological communities expressed in patches, which 

together form the landscape mosaic (Watt, 1947). The biodiversity of a landscape is therefore 

formed by populations or individuals of different species within these patches. At the community 

level the species within and between patches interact with each other and are influenced by abiotic 

factors such as nutrients and water (Loreau, 2010; Naeem et al, 2012). Landscapes and species are 

influenced by human activity and with the high human population pressure in the Anthropocene this 

alterations become, especially in the tropical regions, more visible than ever (Hansen et al, 2005; 

Brook et al, 2006). 

The palm family (Arecaceae) shows distinct spatial patterns of species distribution in landscapes and 

are often abundant across the (sub)tropical regions on this globe (Dransfield et al, 2008). Palms 

deliver important products for man, as food, medicine, fuel and construction materials (Balick, 1988; 

Sosnowska & Balslev, 2009) and are a keystone resource for pollinators and frugivores (Terborgh 

1986; Zona & Henderson, 1989). It is identified that there is a knowledge gap on biotic interactions, 

especially competition and trophic interactions, and that often an important factor is not taken into 

account in studies on palm distribution in an ecosystem (Eiserhardt et al, 2011). In this case study on 

shifting landscape mosaic the (a)biotic factors influencing the population structure and dynamics of 

the palm species Attalea phalerata are investigated. A. phalerata is an ecosystem engineer, as it 

dominates the principal landscape elements (Yamashita & de Barros, 1997) and provides an 

important microhabitat and food source in the dynamic and human influenced Beni savannah of 

Bolivia (Pimentel & Tabarelli, 2004; Rios & Pacheco, 2006; Corrêa et al, 2012; Galetti & Guimarães Jr, 

2013).  

The Beni savannah is a landscape which is characterised by a high beta biodiversity promoted by a 

mosaic of different ecosystems. The ecoregion is therefore identified as a centre of plant diversity 

and endemism (Mayle et al, 2007). The Beni savannah is a mosaic of rivers, lakes, seasonally 

inundated savannah and wetlands, riverine gallery forest and forest islands on mounted areas (Mayle 

et al, 2007). The riverine gallery forest are forest patches next to the river on elevated areas formed 

by riverine sediment deposition. The forest islands are usually round shaped forest patches on 

elevated areas in the landscape, formed by anthropogenic influences or termite mounds (Denevan, 

1966; Erickson, 1995).  

The gallery forest and especially the forest islands are dominated by the palm species A. phalerata 

(Yamashita & de Barros, 1997). A. phalerata functions as an ecosystem engineer in the Beni 

savannah, as it provides a specific microhabitat and a food source for numerous plant, mammal and 

bird species (Pimentel & Tabarelli, 2004; Rios & Pacheco, 2006; Corrêa et al, 2012; Galetti & 

Guimarães Jr, 2013). A. phalerata has for example been identified as the critical factor for the 

survival of the endemic and critically endangered Blue-throated Macaw (Hesse & Duffield, 2000; 

Birdlife, 2015). 

The Beni savannah is a seasonally inundated savannah, with an inundation period of eight months 

from October to May (Haase & Beck, 1989). It is classified as a hydromorphic climatic savannah which 

means that the savannah is mainly flooded by rainwater and receives limited sediment from the 

catchment, resulting in a nutrient poor soil (Junk et al, 2011). The forested parts of the savannah are 

not flooded during the wet season, as these areas are mounted (Mayle et al, 2007). Besides water in 
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the wet season, human induced fire for natural pasture management is an important factor in this 

dynamic ecosystem in the dry season (Berkunsky et al, 2016).  

For the past 12.000 years the Beni savannah has been influenced by human activity (Haase & Beck 

1989; Erickson, 2000; Navarro & Maldonado, 2002; Lombardo et al, 2013). The savannah was 

inhabited by a dense population of pre-Columbian Paleo-Indians who constructed earth mounds, 

canals and fishing ponds (Denevan, 1966; Erickson, 2000). Nowadays, the main human influences are 

deforestation for cattle ranching infrastructure, protracted cattle grazing and burning of savannah by 

farmers to ensure fresh grass sprout for cattle (Killeen, 1991; Killeen et al., 2003; Berkunsky et al, 

2016). 

The dynamics in the Beni savannah ecosystem affect the population structure of A. phalerata. 

Currently, the population density of A. phalerata on the forest islands is decreasing and the 

population structure is changing due to a low regeneration rate (T. Boorsma, pers. obs.). If in the next 

100 years the regeneration rate will not recover, the majority of the palms will disappear (Hennessy, 

pers.com). This will have consequences for the landscape mosaic as whole, and for the numerous 

plant animal species which depend on this palm. Unfortunately, the population dynamics of A. 

phalerata is poorly studied and understood in this region. Extensive research on the population 

structure and the factors influencing the abundance and regeneration of the palm is needed to 

analyse how the regeneration can be assured (Gould, 2013). 

 

The aim of this study is to identify the current population structure of A. phalerata and determine 

which (a)biotic factors influence its population structure and abundance. The factors landscape 

mosaic, density-dependent mortality, environmental factors and disturbance are taken into account. 

The following research questions are formulated: 

1. How do forest islands and gallery forest differ in the above mentioned (a)biotic factors and how do 

these factors affect the abundance and population structure of A. phalerata? 

2. How do forest islands and gallery forest differ in population structure and dynamics of A. 

phalerata? 

Factors influencing the life cycle of A. phalerata 
The landscape mosaic, density-dependent mortality, environmental factors and disturbances are 

chronologically in this order likely to be the most important factors influencing the life cycle of A. 

phalerata from fruit to adult (Fig. 1).  

 

Landscape mosaic According to the theory of island biogeography the smaller the island is, the 

higher the extinction rate and the more isolated the island is, the lower the immigration rate 

(MacArthur & Wilson, 1967). I hypothesize that smaller islands and forest fragments have a lower 

adult palm abundance, due to stronger edge effects such as wind intensity and inundation, and a 

higher chance of palm extinction because of a smaller population size (Williams-Linera, 1990; Souza 

& Martins, 2004). Also, more isolated forest islands are less frequently visited by potential pollinators 

and dispersers, and it is therefore expected that the immigration and regeneration rate will be lower 

(Frankham, 2005). At the edge of a forest there is a different microclimate and a higher disturbance 

frequency compared to the centre. Light availability and wind intensity are higher and trees are more 

exposed to inundation, fire and browsing by cattle at the forest edge (Williams-Linera, 1990; 

Camargo & Kapos, 1995; Cochrane & Laurance, 2002). I hypothesize that, despite the higher light 

intensity, at the forest edge there is a decreased population density due to an increased disturbance 

intensity compared to the centre.  
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Fig. 1. Conceptual model shows effect of landscape mosaic, density-dependent mortality, environmental 

factors and disturbance on the life cycle of A. phalerata. At the right hand side the life cycle is displayed with 

the life stages seed, seedling, sapling and adult. In between the life stages the regeneration processes are 

placed. At the left hand side the abiotic and biotic factors are grouped in categories and with arrows the 

expected relation with the regeneration processes are visualised. 

 

 

Density dependent mortality Density-dependent mortality is defined as the increased chance of 

being killed or affected by a host-specific enemy with a higher density of hosts present (Janzen, 1970; 

Connell, 1971). In this study the density-dependent mortality will focus on seed predation, presence 

of strangler figs and the occurrence of diseases. Seed predation by bruchid beetles (Pachymerus 

cardo) has a negative effect on the seed viability, is density-dependent (Salm, 2006; Giroldo et al, 
2012) and occurs especially in large-seed palms such as A. phalerata (Salm, 2006; Giroldo et al, 2012; 

Quiroga‐Castro & Roldán, 2001). The presence of strangler figs (Ficus spp.) do have a negative effect 

on the survival of adult A. phalerata as it competes for light, nutrients and eventually the palm is 

strangled (Daniels & Lawton, 1991). The presence of the strangler fig is mainly related to the amount 

and size of suitable hosts present (Athreya, 1999; Male & Roberts, 2005). Beside the strangler fig, 

there are density-dependent parasites and diseases present which can affect the survival of A. 

phalerata in different life stages (Gilbert & Webb, 2007). I expect a negative relation between the 

population density and seed predation rate, presence of strangler figs and diseases. 
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Environmental factors Environmental factors such as soil properties, inundation and light availability 

have an influence on the survival and regeneration of A. phalerata. This palm species prefers basic 

soils with a pH between 5 and 6, a low sand content and a relative higher content of available cations 

compared to other Attalea species. This indicates that the A. phalerata is either intolerant to high 

available aluminium concentrations or has high nutrient requirements (Haase, 1990; Grégoire, 2010). 

I therefore expect that a high nutrient content, alkalinity and a low sand content are positively 

related to the density of seedlings and palms. As for inundation, A. phalerata is perfectly suitable for 

a seasonally flooded environment because it is adapted to waterlogged soils, and it therefore occurs 

close to streams and in floodplains (Normand et al, 2006; Salm et al, 2015). The palm abundance and 

the proximity to the nearest river are expected to be positively correlated, because this palm is 

adapted to high water levels and needs sufficient water. A. phalerata is a pioneer species and 

therefore associated with a high light demand, this species has consequently a medium shade 

tolerance and the adult palms are expected to be the most abundant when sufficient light is available 

(Fredericksen, 1999; Giroldo et al, 2012). At the other hand shading stimulates germination because 

of the enhanced soil moisture, therefore more seedlings are expected in a more shaded environment 

as the gallery forest compared to the forest islands (Anderson et al, 1991).  

 

Disturbance The factor disturbance such as human induced fire and cattle grazing affect palm 

regeneration. Farmers set fire to the savannah in order to fertilise the soil, and create grass with high 

nutrient concentration to provide high quality fodder for their cattle (Killeen, 1991; Berkunsky et al, 

2016). The grazing pressure is high in the Beni savannah and I expect that this has a negative effect 

on the regeneration of A. phalerata, because seedlings and saplings are eaten and trampled by cattle 

(Yamashita & de Barros, 1997). A higher grazing pressure is expected in the forest islands, as these 

small forest fragments are surrounded by cattle grazed savannah. Adult palms of the Attalea genus 

are fire resistant, because the apical meristem is covered and well insulated by leaf bases which 

protects the palm against high temperatures during fire (McPherson & Williams 1998; Souza et al, 

2000). In contrast, seedlings and saplings are negatively affected by the presence of fire because of 

their superficial meristem position (McPherson & Williams, 1998; Souza & Martins, 2004). Moderate 

fires do not affect germination, but intense fires strongly reduce germination by damaging the fruit 

(Anderson et al, 1991). In case the fire frequency is too high, the population is not able to recover 

(Hoffmann, 1999). Also, fire has a stronger affect in the smaller forest islands because the population 

growth rate is more negatively affected (Souza & Martins, 2004). I expect that fire frequency and 

intensity have a negative effect on seedling density and that the forest islands experience a higher 

fire frequency than the gallery forest.  
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Methods 

 

Study area 
The Beni savannah is located in the lowlands of the southwestern Amazon Basin, in the North of 

Bolivia. This flat lowland area covers 160.000 km2 and is flanked by the Precambrian shield to the 

East and the Andes to the West (Mayle et al, 2007). The study area is located in the Barba Azul 

Nature Reserve, situated in the centre of the Beni savannah 13°45'44.50"S 66° 5'53.69"W, Beni 

department, Bolivia. Mean annual temperature in the Beni savannah is 26ºC and mean annual 

precipitation is 1800 mm/yr., the majority of the precipitation falls during the eight months wet 

season when the savannah becomes inundated (Haase & Beck 1989; Miranda, 2000). Fieldwork was 

conducted in August and September during the last two months of the dry season.  

Biology of Attalea phalerata 
The habitat of A. phalerata spreads from up to 1000 meter in the Brazilian highlands to the terra 

firme forests, seasonally flooded forests, semideciduous forests and forest islands in wet savannahs 

in the Amazon in Brazil, Peru and Bolivia (Moraes, 1989; Moraes, 1993; Henderson, 1994). A. 

phalerata is a single stemmed palm species, the stem can reach 10 meters in height and 100 cm in 

diameter (Moraes, 1996). The crown consists of 15-20 arching leaves and the staminate and pistillate 

inflorescence are placed in between the leaves, unisexual and occur on the same plant. The palm 

may flower throughout the year and the most important pollinators are nitidulid beetles of the genus 

Mystrops. The infructescences are pendulous along the stem with 350-500 fruits which have a 

yellow-orange colour when they are mature. Each fruits has 2-5 seeds, the endocarp is 4.6-5 cm long 

and has an elliptic shape (Moraes, 1996). The seeds germinate after three months, both removal of 

the mesocarp and shading, which enhances soil moisture, stimulate germination (Anderson et al, 

1991). A. phalerata becomes reproductive when it is 7-10 years old and the stem is 0-1 meter tall. 

The palm can reach a maximum age of 100 years (Moraes, 1996). 

Research design 
The forested area in the Barba Azul Nature Reserve can be divided in riverine gallery forest and 25 

forest islands with an average diameter of 50 meter. To study the different habitat types of A. 

phalerata 91 plots of 10x20 meter were established at least 60 meters apart in the centre and edge 

of gallery forest and forest islands; 25 random plots in the gallery forest centre, 25 plots in the gallery 

forest edge, 16 plots in the forest island centre and 25 plots in the forest island edge. The area from 

the forest edge to 10 meters into the gallery forest or forest islands was considered as edge as the A. 

phalerata reaches heights up to 10 meter (Moraes, 1996). The edge plots in the gallery forest and 

forest island were randomly placed North or South to avoid a bias caused by illumination or 

surrounding area. In case the diameter of the forest island was less than 40 meters, only an edge plot 

was established.  

To study the transition zone between the gallery forest edge at the savannah side and the savannah, 

25 transects were established. Each transect consist of three strips of 10x20 meter separated at least 

60 meters directed North or South, depending on the position of the gallery forest. The three plots 

were randomly situated in the gallery forest centre, transition zone and the savannah. The forest 

islands do not have a transition zone, as these islands are elevated mounds in the landscape with a 

clear border.  
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Plot measurements 
To quantify the landscape characteristics, the diameter of the forest islands were measured and the 

tallest point examined with a Nikon Forestry 550 clinometer. The distance to the nearest other forest 

island and the distance to the river for every plot was measured in Google Earth (Google Inc., 2016). 

The grazing intensity was inferred by measuring the number of dung piles and cattle resting places in 

each plot. To have a measure for competition in every plot the stem diameter at breast height (DBH) 

was recorded of trees with a DBH > 5 cm and the overall cover of bare soil, leaves, grass and shrubs 

was scored in percentages. To have an indicator of overall light availability the vegetation height was 

examined by measuring 10 times the vegetation height along the central line of the plot. In this study 

soil colour is used as an indicator of soil fertility; the darker the soil, the more organic matter it 

contains and the more fertile it will be (Jenkinson, 1988 in Craswell & Lefroy 2001). Therefore, at the 

central line 6 soil samples to 30 centimetres depth were taken with a regular closed hand auger. The 

soil samples were photographed in the shade and classified in five categories on soil colour according 

to the Munsell colour classification (Color, 2009). The soil sample in the centre was examined on 

sand content at 30 centimetres depth with a taste test in percentages and a precision of 20 percent 

(Forest Service British Columbia, 2016).  

Palm measurements 
For the 498 adults within the plots, an adult is defined as stemmed A. phalerata, the following 

characteristics were recorded: height was measured with a Nikon Forestry 550 clinometer, DBH, 

number of leaves, number of inflorescence and number of infructescence. To have a measure for fire 

intensity and the effect of fire on the adult, the fire scar height and width were recorded to calculate 

the percentage of the stem scarred. The canopy position was examined with the Dawkins crown 

position classes, which range from suppressed, intermediate, codominant to dominant (Jennings, 

1999). The light availability of the adult was examined with the Dawkins crown illumination classes: 

1. No direct light, 2. Lateral light, 3. Some overhead light, 4. Full overhead light, 5. Crown fully 

exposed (Jennings, 1999). As it is expected that the strangler fig (Ficus spp.) affects the condition of 

the adult, the dominance of the fig was scored in percentage total cover of the adult. The health of 

adult A. phalerata was scored as good, medium or bad based on the condition of the stem and the 

colour and uniformity of the leaves. Under each adult a 1 m2 subplot was randomly established to 

examine the total amount of fruits and the amount of fruits infected by bruchid beetles (Pachymerus 

cardo).  

  To study the juveniles, defined as A. phalerata without a stem, four juvenile subplots of 5 by 

5 meter were established in the forest island plots and two subplots were established in the gallery 

forest plots. In the field it became clear that two subplots were sufficient to give a good estimate of 

the number of seedlings present in the gallery forest plots, but that four were needed in the forest 

island plots due to the larger variation in juvenile abundance. For each of the 3699 juveniles the 

length of the longest leaf and the form of the leaves were noted as together, open or both (Appendix 

I). To evaluate the condition of the juvenile, the health was scored as bad, medium or good based on 

the colour and uniformity of the leaves. As a measure for light availability the canopy openness was 

examined with a spherical densiometer, Forestry Suppliers, Inc. model A.   

Data analysis 
Abiotic and biotic factors To explore how population characteristics, (a)biotic variables of forest 

islands and gallery forests were associated, a Principal Component Analysis was used (Appendix II, R 

package vegan [Oksanen et al, 2016]). From the PCA it became clear that soil colour and sand 

content are correlated (R2=-0.17) and dung piles and resting places cattle are correlated (R2=0.56). To 

reduce the amount of variables only sand content and dung piles are taken into account, as these can 

be quantified more precisely. To analyse how habitats differ in population density and (a)biotic 



7 
 

variables a two-way Anova with interaction term was performed with habitat and centre as 

independent variables, using a Tukey HSD as posthoc test (R package stats). The residuals were 

tested for normality with a Shapiro-Wilk test and the homogeneity of variances was evaluated with a 

Levene’s test. To normalize the data, the variables dung piles, bare soil surface, shrub cover and 

crown illumination were log10- transformed and the variables distance to the river, grass cover, 

amount of juveniles, crown position and amount of fruits per subplot were square-root transformed.  

Data on population characteristics, (a)biotic variables of the gallery forest centre, transition zone and 

savannah was analysed with a Kruskall-Wallis test with the Dunn test with Bonferroni correction as 

posthoc analysis. A parametric test was used, as the data was not normally distributed even after a 

transformation.   

  Based on the conceptual model (Fig. 1) and field observations a path model was developed, 

to unravel the mechanism behind the differences in population density between the forest islands 

and gallery forest. Three different models were developed, a model on plot level, a model on the 

individual level of the adult and the individual level of the juvenile. Models on different levels were 

developed to not only answer questions on plot level, but to have a model for the condition of the 

adult or juvenile on individual level as well. In the models on individual level, the plot number is used 

as a nesting factor. The variables were analysed with a generalized linear model from the Gaussian 

family, the regression coefficient was used to quantify the direction of the relationship in the model 

(lm.beta function from the R package QuantPsyc [Fletcher, 2012]). To test the overall correctness of 

the whole path model, a structural equation model was used. With structural equation modelling it is 

not only possible to test the hierarchical relations between variables, but also test the correctness of 

the whole model (SEM, as implemented in the R package Lavaan [Rosseel, 2012]). A SEM on plot 

level and a SEM on the individual level of the adults was developed. It was not possible to develop a 

sound SEM on individual level of the juveniles with the restricted amount of variables on individual 

level present. The SEM on plot level and individual adult level were merged together with a nested 

design, with the plot number as nesting factor. As the resulting pathmodels consisted of many 

variables, the SEM’s were constructed starting with the relations to the most important dependent 

variable. This resulted in different SEM’s, with different variables involved.  The chosen SEM’s were 

selected on a Chi-square p-value >0.05, the lowest Akaike’s Information Criterion (AIC), a Tucker–

Lewis index (TLI) >0.95 and a Root Mean Square Error of Approximation (RMSEA) <0.01 indicating an 

excellent model fit. All statistical analyses were carried out using R Studio v. 3.3.2 (R Development 

Core Team, 2011). 

 

Population dynamics The population structure of A. phalerata was classified in 10 size classes 

according to leaf length and stem height, corresponding with ontogenetic stadia (Adapted from 

Paniagua-Zambrana & Moraes 2009, table 1). A matrix model was developed to make predictions on 

population development for the next 50 years (Appendix III), which is half the life span of A. 

phalerata (Moraes, 1996). The amount of seeds used in the transition matrix are derived from the 

average amount of germinating seeds per individual per size class. It was assumed that there are on 

average 3 viable seeds in a fruit not infected by bruchid beetles (Moraes, 1996; Anderson, 1991) and 

3% of this seeds will germinate (Quiroga-Castro & Roldán, 2001). In this study the amount of fruits 

was measured in a 1m2 plot below each adult. The dispersal radius around the adult is approximately 

1.5 m, the amount of fruits was therefore extrapolated to 6,6 m2; the surface of the dispersal area 

minus the average surface of the stem. 
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Table 1. The 10 size classes of Attalea phalerata used in this study, based on ontogenetic stage and 

stem size (Adapted from Paniagua-Zambrana & Moraes (2009)) 

Class name Class description  

Seedling 1 (S1) Without stem, longest leaf <15 cm in length 

Seedling 2 (S2) Without stem, longest leaf 15 - 30 cm in length 

Juvenile 1 (J1) Without stem, longest leaf >30 cm in length 

Juvenile 2 (J2) Without stem, longest leaf >50 cm in length 

Juvenile 3 (J3) Without stem, longest leaf >100 cm in length 

Adult 1 (A1) Stem 0-1,5 m, longest leaf > 150 cm 

Adult 2 (A2) Stem 1,5 – 3 m 

Adult 3  (A3) Stem 3 – 5 m 

Adult 4 (A4) Stem 5 – 7 m 

Adult 5 (A5) Stem > 7 m 
 

The 3 vital rates used in the projection are derived from data of the closely to A. Phalerata related 

Orbignya phalerata in the secondary forest Lago Verde, Mearim Valley of Maranhão in Brazil 

(Anderson, 1983). This site has a dry season of 5 months, the temperature ranges between 25 ºC to 

27 ºC and annual rainfall is 1575 mm/yr (Anderson, 1983; Anderson et al, 1988). The climatic 

conditions are therefore comparative to our study site, as is the population structure. The matrix 

models of the forest islands, gallery forest and transition zone were projected in Microsoft Excel 

2013 with the programme PopTools version 3.2.5 (Hood, 2010). 
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Results 

 

The (a)biotic conditions and population abundance in the forest islands and gallery forest  
Forest island and gallery forest The comparison between the forest island and gallery forest in 

(a)biotic conditions indicate that the forest islands are characterised by on average 11% more bare 

soil surface (ANOVA, p=0.0287) and 12% more grass cover (ANOVA, p=0.016). In the gallery forest 

the sand content of the soil is 14% higher ((ANOVA, p<0.001), leave cover is 27% higher (ANOVA, 

p<0.001), shrub cover is on average 7% higher (ANOVA, p=0.012) and the vegetation is 85 cm taller 

than in the forest islands (ANOVA, p=0.0015). The distance of the gallery forest plots to the river is on 

average almost 250 m larger than the forest island plots (ANOVA, p<0.001), as also gallery forests are 

found in old, dried up river arms, indicating that they currently occur in a drier environment. The 

amount of dung piles is on average 830% higher in the forest islands (ANOVA, p=0), suggesting a 

higher grazing pressure.  

  In terms of population abundance there is no difference in adult A. Phalerata per ha between 

the forest islands and the gallery forest (Fig. 2a). The overall canopy position is 13% higher in the 

forest islands (ANOVA, p=0.003), resulting in a more illuminated crown (ANOVA, p<0.001) and adults 

have a 17% better condition in the forest islands (ANOVA, p=0), although the percentage stem 

scarred from fire is 13% higher compared to the gallery forest (ANOVA, p=0.0029). The gallery forest 

contains on average 47% more fruits in the seedbank (ANOVA, p=0.0002) and there are 9 times more 

juveniles present (ANOVA, p=0) (Fig. 2b). Juvenile condition is 17% better in the gallery forest 

(ANOVA, p=0), despite the fact that they receive 8% less light than in the forest island (ANOVA, 

p=0.001). The diameter of the forest island or distance to the closest forest island did not have a 

significant effect on the juvenile, adult or fruit abundance in the forest islands.  

 

 

 

    

   

  

 

 

 

Fig. 2.  a) The number of adult A. phalerata per habitat displayed in boxplots. b) The number of juvenile A. 

phalerata per habitat displayed in boxplots. FI is an abbreviation for forest island. GF is an abbreviation for 

gallery forest. Boxplots with a different letter differ significantly (Tukey, p<0.05).  
 
Centre and edge habitat When the centre and edge habitats of both the forest islands and gallery 

forest are compared, then the condition of adults is 20% better (ANOVA, p=0), the basal area of trees 

is 5 times higher (ANOVA, p=0.012) and the grass cover is 9% higher (ANOVA, p=0.0014) in the edge, 

but there are 2 times more juveniles present in the centre (Tukey, p=0.025) (Fig. 2b). In comparison 

between the centre and edge of the forest island there are 3.7 times more adults present in the edge 

of the forest island (Tukey, p=0.018) and also the basal area of trees is on average 7.5 times higher in 

the edge (Tukey, p=0.04). In comparison between the gallery forest edge and centre,  there is on 

average 14% more grass cover in the gallery forest edge (Tukey, p=0.0013). 
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Savannah transition zone The transition zone shows similarity with the gallery forest centre in sand 

content, bare soil surface, leave cover, grazing pressure and amount of juveniles. Compared to the 

gallery forest centre, the transition zone grass cover is 18% higher (Dunn, p=0.007), shrub cover is 

4.6% higher (Dunn, p=0.03), the vegetation is on average 5.5 cm taller (Dunn, p=0.0018), there is a 4 

times higher cover of trees (Dunn, p=0.0296) and half of the amount of adults is present (Dunn, 

p=0.003). The transition zone shows no similarity with the savannah according to the investigated 

(a)biotic factors. The savannah soil has 17% less sand content (Dunn, p=0), the vegetation is 4 times 

taller (Dunn, p=0.0025), and the grass cover (Dunn, p=0) and amount of dung piles (Dunn, p=0.0287) 

is 200% higher compared to the transition zone.  

The (a)biotic factors influencing the A. phalerata population 
The (a)biotic factors and the population structure of A. phalerata differs strikingly amongst habitats, 

and the underlying drivers can be explained using a structural equation model (Fig. 3). The condition 

of the adults has a positive influence on the fruit production, which has a positive relation with the 

amount of juveniles. The condition of the adults is explained by the percentage of stem scarred and 

the number of leaves, but does not have a relation with the density of adults. The models shows as 

well that the more fruits there are produced, the more fruits are infected by bruchid beetles. The 

amount of juveniles is explained, besides the amount of fruits, by the condition of the juvenile, bare 

soil surface and the sand content of the soil. Cattle pressure has a negative relation with the 

condition of the juveniles and affects indirectly the juvenile density. The density of the adults has a 

positive effect on the amount of juveniles, but this relation is not significant, resulted in a 10% higher 

AIC value and is therefore not included in the final model. In the best fitting model on plot level, 

without a nested design, this relation was significant (Appendix IV).  

 

Fig. 3. Results of the best fitting structural equation model (N=91) indicating what (a)biotic factors affect the 

abundance of juvenile A. phalerata. The arrows are indicating a significant relation (p<0.005) and the numbers 

around the arrows are standardized path coefficients. This model explains 30% of the amount of juveniles 

present. 

Population structure and dynamics of the forest islands and gallery forest  
Current population structure In the gallery forest there are overall 7.5 times as much individuals as 

in the forest islands, because the gallery forest has in seedling class 1 to adult class 2 more 

individuals than in the forest islands (Fig. 4a). The forest island edge had, compared to the centre, 

more individuals in the seedling and adult classes, but less individuals in the juvenile classes.  

The gallery forest edge had, compared to the centre, more individuals in the seedling and juvenile 

classes and adult class 4 and 5.  
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The population structure in 50 years The matrix projection indicates that in 50 years the total 

number of individuals in the gallery forest will increase with 8%, whereas in the forest islands it will 

decrease with 40% (Fig. 4b). Both the forest islands and gallery forest show an increase in seedling 

class 1 and adult class 1 and 2, except for the forest island edge. The gallery forest contains more 

individuals in the seedling and juvenile classes, whereas in adult class 4 and 5 there are more 

individuals in the forest islands.  

  In the transition zone between the gallery forest and the savannah there will be a 220% 

increase of individuals, caused by an increase in seedling class 1 and the adult classes.  

a)                                                                                                        b) 

  

  

 

 

 

 

Legend 

 

Fig. 4 a) The current population structure of A. phalerata, and b) The projected population structure in 50 

years. The population structure is shown for five habitats: forest island centre, forest island edge, gallery forest 

centre, gallery forest centre and the transition zone. The population structure is divided in 10 size classes on a 

log10 scale.  
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Discussion 

 
The aim of this study was to identify the current population structure of A. phalerata and determine 

which (a)biotic factors influence its population structure and abundance. The current population 

structure shows that there are almost 8 times more individuals in the gallery forest in comparison 

with the forest islands, especially for individuals with a stem height of <5 m. Matrix projections show 

that in 50 years the gallery forest is likely to remain stable, but that the forest islands tend to decline 

in size due to a decrease of juveniles in the forest island edge. Juvenile density is positively related to 

the condition of juveniles, the amount of fruits, the bare soil surface and the sand content of the soil. 

Juvenile density is indirectly negatively affected by fire and grazing. Here I will first discuss, following 

the order of the conceptual model, the differences of the (a)biotic factors between the forest islands 

and gallery forest and the effect of these factors on the population abundance. Second, I discuss 

what the population structure and dynamics of the forest islands and gallery forest implicate for the 

landscape mosaic.  

Life cycle of A. phalerata is mainly influenced by cattle pressure, fire and condition of adults 
In the conceptual model (Fig. 1) I hypothesized that in the lifecycle of A. phalerata a high adult 

density increases fruit production, which positively affect the juvenile density and finally the adult 

density. From the structural equation model (Fig. 3) it becomes clear that adult density has indeed a 

positive, but non-significant effect on the fruit production and that the amount of fruits is mainly 

influenced by the condition of the adults. Nevertheless, the higher fruit production in the gallery 

forest compared to the forest islands may be explained by the higher amount of adults in the gallery 

forest. As expected the amount of fruits do partly explain the juvenile density, although the juvenile 

density does not have a positive effect on the adult density, indicating a high juvenile mortality rate.  

 

Landscape mosaic The distance to the closest forest island and the size of the forest fragment do not 

affect the population density, however in the centre habitats the juvenile density is higher and in the 

forest island edge the adult density is higher compared to the forest island centre.  

  I hypothesized that, in line with the island theory, smaller islands and forest fragments have a 

lower adult palm abundance, due to stronger edge effects and a higher chance of palm extinction 

because of a smaller population size (Williams-Linera, 1990; Souza & Martins, 2004). I also 

hypothesized that isolated islands have a lower regeneration rate due to less pollinators and 

dispersers (Frankham, 2005). However, I found that the size and distance between the forest islands 

in the landscape are in this study not related to the number of fruits, juveniles or adults present on 

the forest island. The variation in the landscape mosaic should be large enough to detect a relation, 

as the distance between the forest islands varied 25-fold (from 80 to 2030 meter) and the diameter 

of the islands 5-fold (from 20 to 100 meter). One reason for the lack of landscape effects could be 

that edge effect or environmental pressures such as grazing could be more important than the size or 

position of the habitat fragment (Laurance, 2008).  

  Pollination and seed dispersal do not seem to be a limiting factor on the life cycle of A. 

phalerata. The pollinators of A. phalerata are able to visit all the forest islands, even on the furthest 

forest islands fruits are found. Also, seed dispersers such as monkeys and several bird species are 

observed on all forest islands.  

 I hypothesized that at the forest edge there is a decreased population density due to an 

increased disturbance intensity compared to the centre. I found that within the forest islands there is 

a higher number of adults in the edge, whereas within the gallery forest there is no difference in 

adults between the centre and edge (Fig. 2a). Also, the condition of the individual adult is in general 

better in the edge, a possible explanation could be the better access to water at the edge during the 
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dry season or higher nutrient availability trough trapped sediments (Junk et al, 2010). A. phalerata is 

associated with moist conditions in floodplains (Mayle et al, 2007; Normand et al, 2006) and has 

relatively high nutrient requirements (Haase, 1990; Grégoire, 2010). The average height of the forest 

islands is 1.3 m with a descending edge towards the savannah, whereas the gallery forest is not as 

elevated as the forest islands.  

  There are less juveniles present in the edge habitat compared to the centre, probably 

because higher grass, shrub and tree cover in the edge result in a stronger competition for nutrient 

and water resources (Williams-Linera, 1990; Svenning, 2001). Also, as the edge of the forest islands 

and gallery forest descend towards the savannah the seeds or seedlings could become inundated for 

a long period during the wet season resulting in anaerobic conditions (Veneklaas et al, 2005; Gurnell 

et al, 2007).  

 

 Density dependent mortality Diseases and strangler fig presence do not influence the population 

density, bruchid beetles do affect the viability of the fruits.   

 I hypothesized that seed predation rate, presence of strangler figs and diseases have a 

negative effect on the density of A. phalerata seeds and palms (Fig. 1). There is as expected a positive 

relation between the number of fruits and number of infected fruits by bruchid beetles (Fig. 3), 

because of density-dependent predation (Salm, 2006; Giroldo et al, 2012).  

  The condition of juveniles should be a reflection of the presence of disease and as the 

number of juveniles is positively rather than negatively related (Fig. 3), this indicates that there is no 

density-dependent mortality caused by diseases and that more vital juveniles may lead to a better 

survival and higher juvenile abundance. In contrast, the condition of the adult is not related to the 

number of adults, probably because the number of adults is not as directly affected by the condition 

of the individual due to an observed high resilience. The condition of the adult is positively related to 

the fruit production of the individual, therefore indirectly influencing the amount of juveniles (Fig. 3).  

 Strangler fig presence has neither a significant negative effect on the adult population (Fig. 

3). The figs are removed by the reserve coordinator as a management intervention to protect the 

population of A. phalerata, which results in less strangler figs present at the time of data collection. 

During the fieldwork 19% of the adults hosted a fig, from which only 13% (12 individuals) had a fig 

cover of >50%. Strangler figs are reported to affect the host severely (Daniels & Lawton, 1991; 

Athreya, 1999; Male & Roberts, 2005) and the number of observations in this study is probably too 

small to draw a sound conclusion about the effect of the strangler figs on adult A. phalerata.  

 

Environmental factors Light and proximity to nearest river do not affect the population density, a 

higher sand content of the soil enhances the juvenile density.  

  I hypothesized that a high nutrient content, alkalinity and a low sand content of the soil are 

positively related with the density of seedlings and palms, because this species has a suggested high 

nutrient demand (Haase, 1990; Grégoire, 2010). I found instead that a higher sand content has a 

positive effect on the amount of juveniles and has no effect on the amount or condition of the adults, 

probably soil fertility is not the limiting factor for the A. phalerata population in this ecosystem. Also, 

a higher clay and silt content could be a reflection of a longer inundation period (Wittmann et al, 

2004; Junk et al, 2010) and a higher soil water retention (Leeper & Uren, 1993). A. phalerata occurs 

in floodplains, but only on elevated terrain (Moraes, 1996; Yamashita & de Barros, 1997; Balslev et al, 

2012) and the seedlings are therefore not expected to survive inundation or waterlogged soil for a 

long period. A clayey soil could also inhibit root penetration, making it more difficult for seedlings to 

establish (Beck & Beck, 1983; Langstroth, 1996). The soil of the forest islands is lower in sand content 

compared to the gallery forest, which could be explained by the different origin as the majority of the 

islands are constructed by man and the gallery forest is established on sediment depositions 
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(Denevan, 1966; Erickson, 1995). The amount of bare soil surface has a positive effect on the amount 

of juveniles present. The higher bare soil surface probably diminishes the competition for resources 

with other plant species. 

  I hypothesized that the proximity to the nearest river has a positive effect on palm 

abundance, because the adult palm is adapted to high water levels and needs sufficient water. I 

found, however, that distance to river is not related to the amount or condition of juveniles or adults. 

Distance to river alone is probably not necessarily a good proxy for inundation during the wet season, 

due to the height differences caused by the landscape relief in the Beni savannah (Erickson, 2000; 

Mayle et al, 2007). Unfortunately, there is no data available on the height differences in the 

landscape in the study area.  

  I hypothesized that sufficient light enhances the adult density (Fredericksen, 1999; Giroldo et 

al, 2012) and in a more shaded environment, as the gallery forest compared to the forest islands, the 

juvenile density is higher (Anderson et al, 1991). I found that a higher canopy position or crown 

illumination are not related to the adult condition or adult density, probably because light is not the 

limiting factor for the adults in this ecosystem as nearly all adult crowns are in the forest canopy. The 

canopy openness above the juveniles is not related to the amount or condition of juveniles. The 

mean canopy openness above the juveniles is 30% with a standard deviation of 20%, thus the 

majority of the seeds do germinate in a shaded environment as expected (Anderson et al, 1991).  

 

Disturbance Grazing pressure and fire negatively affects the juvenile density, but do not affect adult 

density.  

  I hypothesized that grazing pressure has a negative effect on the regeneration of A. 

phalerata (Yamashita & de Barros, 1997) (Fig. 1) and that the grazing pressure is higher in the forest 

islands, as these small forest fragments are surrounded by grazed savannah. Grazing has as expected 

a negative influence on the amount of juveniles by diminishing the condition of the juveniles through 

trampling, grazing and soil compaction (Langstroth, 1996; Endress et al, 2004; Shepherd & Ditgen, 

2005; Mandle & Ticktin, 2012; Eaton et al, 2016;). Grazing pressure does not have a relation to the 

amount of adults, but is indeed higher in forest islands compared to the gallery forest.  

  I hypothesized that fire frequency and intensity have a negative effect on seedling density 

and that the forest islands experience a higher fire frequency than the gallery forest because the 

islands are surrounded by savannah, where the fire arises. I found that fire indeed negatively 

influenced the condition of the adult (Fig. 4), but did not have a direct effect on adult density. The 

fire disturbance is measured in fire scar percentage of the stem, which only affects the condition of 

the adult. A. phalerata is a fire adapted species, because the apical meristem is covered and well 

insulated by leaf bases which protects the palm against high temperatures (Feil, 1996; McPherson & 

Williams 1998; Souza et al. 2000). The adults in the forest islands do have a higher fire damage 

compared to the gallery forest as expected. There was no data available on the fire frequency of 

specific sites.   

Implications of population dynamics for the landscape mosaic 
In a natural and viable population, the amount of individuals decrease with increasing size class 

(Felfili, 1997). However, the population structure of A. phalerata in the forest islands and gallery 

forest shows in all habitats (i.e. edge and centre of forest island and gallery forest) less seedlings in 

the smallest size class (seedling class 1) compared to the next size class (seedling class 2). This 

population structure could also be a result of size dependent growth and mortality, individuals in 

seedling class 1 could grow faster or have a higher mortality rate than in seedling class 2 (Rose et al, 

2009). This results in more seedlings in class 2, but does not necessarily imply a non-viable 

population. In the forest islands there are less juveniles and total number of individuals present 



15 
 

compared to the gallery forest (Fig. 4a), which is probably caused by a higher cattle pressure, fire 

disturbance and lower sand content of the soil on the forest islands. 

  The landscape mosaic formed by the gallery forest will not drastically change in 50 years (Fig. 

4b), in case the environmental conditions and disturbance frequency and intensity not alter. The 

amount of individuals in the adult classes stay stable and the amount of individuals in seedling class 1 

increase. The landscape mosaic formed by the forest islands is expected to change in 50 years. The 

forest islands will decline in number of individuals, especially at the edge. This can have 

consequences for the diameter of the forest islands in this dynamic ecosystem, as the palms hold the 

soil together at the island edge (Junk et al, 2010).  

 The vital rates from a secondary forest are used for the forest islands and the gallery forest 

matrix projections. The recruitment and mortality rates in this ecosystem are probably higher than in 

a secondary forest, although this can compensate over time (Felfili 1993, 1995). The vital rates for 

the forest islands and the gallery forest are the same in this study, although it is expected that the 

forest islands have a higher mortality rate through the higher environmental stress (MacDougall & 

Kellman 1992; Kellman et al. 1994). It is expected that the edge habitats experience a higher level of 

competition compared to the centre due to the higher tree density, this phenomenon is not taken 

into account as well. It is therefore expected that the decline of the population density in the forest 

islands will be more severe than presented by the projection.  

Management implications 
A. phalerata is a robust species, associated with the dynamic floodplain forests (Normand et al, 2006; 

Mayle et al, 2007) and human settlements (Walker, 2008; Sosnowska et al, 2015). This species is able 

to recover from disturbances when these are not too frequent or intense. However, with the current 

population structure the forest islands will strongly diminish in palm abundance in 50 years. The Beni 

savannah is grazed by cattle and this grazing pressure has a negative effect on the regeneration of A. 

phalerata. With a decreased grazing pressure through rotation of cattle, the condition of the 

juveniles will improve and the amount of juveniles are expected to rise as observed in regions in the 

study area where cattle pressure is diminished (Giroldo & Scariot, 2015).  

  The fire frequency and intensity have a negative influence on the population structure of A. 

phalerata; fire results in a decreased production of fruits, which result in less juveniles. Fire damage 

is higher in the forest islands, probably because the islands are surrounded by savannah which is the 

main source of fire. The forest islands should be protected against a high fire intensity and frequency 

by fire management. Fire can be managed by establishing and maintenance of existing firebreaks, the 

suppression of fires and controlled burning of savannah (Wilgen et al, 2014).  

Strengths and limitations of this study 
The strength of this study is that it provides a comprehensive overview which factors may drive the 

population of A. phalerata and how these factors drive the population (Fig. 3). By using a landscape 

approach and focussing on key landscape elements (forest island and gallery forest) we may get a 

better insight in the role of this ecosystem engineer in landscape dynamics. Finally, by doing a suite 

of analyses and structural equations models the differences between the habitats and the most 

important factors influencing the population of A. phalerata are identified.  

  The limitation of this study is the fact that there is no detailed information on soil properties 

collected and that there is no information available on fire frequency and height profiles in the Beni 

savannah. Also, the vital rates used for the matrix projections are not the rates from the studied 

habitats, but are derived from literature. This was the first study at this site with the intention to 

monitor the plots and derive vital rates from the site itself.  
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Suggestions for further research  
Research on the effect of different cattle densities, temporal variation in grazing (i.e., rotation of 

cattle) and fire management (i.e., fire frequency) could help to implement a sustainable management 

strategy that benefits cattle production but does not modify the landscape mosaic. Furthermore, it is 

unclear what the tipping points are in the population density; how many individuals are needed for a 

viable population and under which level the population is not able to recover. In the study area there 

are permanent plots established in the different habitats and vital rates from the study area could be 

derived for future projections of population development. As it appeared that the sand content has 

positive influence on the juvenile density, a more in depth research on the soil characteristics as pH, 

available aluminium and fertility would be beneficial in understanding the population behaviour in 

the ecosystem (Haase, 1990; Grégoire, 2010). Also, a detailed elevation and fire disturbance map 

could shed more light on the dynamics in the landscape mosaic.  
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Conclusions 

 

This study shows that even for A. phalerata, a fire adapted species suitable for a human influenced 

and dynamic ecosystem, the lifecycle is mostly influenced by disturbances as fire and cattle grazing. 

Currently there are almost 8 times more individuals in the gallery forest in comparison with the 

forest islands, mainly caused by a difference in juveniles. It is expected that in 50 years the landscape 

mosaic of the gallery forest will remain stable, but that the forest islands will decline in population 

density. Especially the juvenile density in the forest island edge will decrease, possibly leading to a 

decrease in island size. The juvenile density is positively related with the condition of the juveniles, 

the amount of fruits, the bare soil surface and sand content of the soil. The juvenile density is indirect 

negatively affected by fire, which affects the condition of the adult and therefore the fruit 

production, and grazing, which negatively affects the condition of the juvenile. In the forest islands 

the grazing pressure and fire damage is higher, and sand content is lower compared to the gallery 

forest. With management measures decreasing the grazing pressure and fire frequency on the forest 

islands it is expected that the population of A. phalerata is able to recover and maintain its important 

role in the landscape mosaic of the Beni savannah.  
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Appendix I Form leaves juveniles 

 

The leaf form of the juveniles is classified as together, open or both. In figure 1 from Giroldo et al 

(2012) the ontogenetic stages are visualised (Fig.5). The leaf form in figure 1a is in this study 

classified as closed, figure 1b is classified as open.  

 
 
Fig. 5. Form leaves juveniles, from Giroldo et al (2012) 
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Appendix II Principal Component Analysis 

 
The Principal Component Analysis (PCA) (fig. 5) shows that the differences between the habitats of 

the A. phalerata is mainly caused by the number of juveniles per ha and the basal area of trees 

expressed in m2/ha. The first axis is mostly explained by the number of juveniles (component loading 

first axis 0,98, component loading second axis 0,22) and the second axis by the basal area of trees 

(component loading first axis -0,22, component loading second axis -0,98). The first two axis explain 

together 99,7% of the variation. The gallery forest centre and edge are aligned with the first axis, 

while the forest island centre and edge are aligned with the second axis.  

 

Fig. 6. The analysis is performed with all the available variables, in the figure the most important variables are 

visualised. This selection is based on the amount of variation of the first three axis is explained by the variable 

and the importance of the variable for further analysis.   
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Appendix III Transition matrix and population structure 

 

 

Transition matrix forest island centre 

Size class 1 2 3 4 5 6 7 8 9 10 

1 0,8301 0 0 0 0 0 1,7 0 2,8 1,1 

2 0,0135 0,8301 0 0 0 0 0 0 0 0 

3 0 0,0135 0,8301 0 0 0 0 0 0 0 

4 0 0 0,0135 0,952 0 0 0 0 0 0 

5 0 0 0 0,032 0,952 0 0 0 0 0 

6 0 0 0 0 0,032 0,9643 0 0 0 0 

7 0 0 0 0 0 0,0132 0,9643 0 0 0 

8 0 0 0 0 0 0 0,0132 0,9643 0 0 

9 0 0 0 0 0 0 0 0,0132 0,9643 0 

10 0 0 0 0 0 0 0 0 0,0132 0,9643 
 

Population structure forest island centre 

Size class Individuals per ha 

1 6406 

2 8125 

3 5781 

4 1563 

5 469 

6 150 

7 100 

8 200 

9 850 

10 1350 
 

 

Transition matrix forest island edge 

Size class 1 2 3 4 5 6 7 8 9 10 

1 0,8301 0 0 0 0 2,2 1,5 1,6 1,4 1,8 

2 0,0135 0,8301 0 0 0 0 0 0 0 0 

3 0 0,0135 0,8301 0 0 0 0 0 0 0 

4 0 0 0,0135 0,952 0 0 0 0 0 0 

5 0 0 0 0,032 0,952 0 0 0 0 0 

6 0 0 0 0 0,032 0,9643 0 0 0 0 

7 0 0 0 0 0 0,0132 0,9643 0 0 0 

8 0 0 0 0 0 0 0,0132 0,9643 0 0 

9 0 0 0 0 0 0 0 0,0132 0,9643 0 

10 0 0 0 0 0 0 0 0 0,0132 0,9643 
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Population structure forest island edge 

Size class Individuals per ha 

1 21700 

2 16000 

3 2700 

4 800 

5 300 

6 450 

7 1100 

8 2650 

9 1600 

10 3650 
 

Transition matrix gallery forest centre 

Size class 1 2 3 4 5 6 7 8 9 10 

1 0,8301 0 0 0 0 0,3 2 4,5 8,3 11,2 

2 0,0135 0,8301 0 0 0 0 0 0 0 0 

3 0 0,0135 0,8301 0 0 0 0 0 0 0 

4 0 0 0,0135 0,952 0 0 0 0 0 0 

5 0 0 0 0,032 0,952 0 0 0 0 0 

6 0 0 0 0 0,032 0,9643 0 0 0 0 

7 0 0 0 0 0 0,0132 0,9643 0 0 0 

8 0 0 0 0 0 0 0,0132 0,9643 0 0 

9 0 0 0 0 0 0 0 0,0132 0,9643 0 

10 0 0 0 0 0 0 0 0 0,0132 0,9643 
 

Population structure gallery forest centre 

Size class Individuals per ha 

1 22600 

2 163200 

3 120600 

4 43200 

5 46600 

6 500 

7 1500 

8 1100 

9 2100 

10 2050 
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Transition matrix gallery forest edge 

 

Size class 1 2 3 4 5 6 7 8 9 10 

1 0,8301 0 0 0 0 2,5 6,7 4,4 11 7,5 

2 0,0135 0,8301 0 0 0 0 0 0 0 0 

3 0 0,0135 0,8301 0 0 0 0 0 0 0 

4 0 0 0,0135 0,952 0 0 0 0 0 0 

5 0 0 0 0,032 0,952 0 0 0 0 0 

6 0 0 0 0 0,032 0,9643 0 0 0 0 

7 0 0 0 0 0 0,0132 0,9643 0 0 0 

8 0 0 0 0 0 0 0,0132 0,9643 0 0 

9 0 0 0 0 0 0 0 0,0132 0,9643 0 

10 0 0 0 0 0 0 0 0 0,0132 0,9643 
 

Population structure gallery forest edge 

Size class Individuals per ha 

1 18000 

2 69000 

3 36200 

4 15200 

5 22400 

6 1850 

7 1650 

8 1850 

9 500 

10 300 
 

Transition matrix transition zone 

Size class 1 2 3 4 5 6 7 8 9 10 

1 0,8301 0 0 0 0 3,1 7,9 3,2 7,2 12,8 

2 0,0135 0,8301 0 0 0 0 0 0 0 0 

3 0 0,0135 0,8301 0 0 0 0 0 0 0 

4 0 0 0,0135 0,952 0 0 0 0 0 0 

5 0 0 0 0,032 0,952 0 0 0 0 0 

6 0 0 0 0 0,032 0,9643 0 0 0 0 

7 0 0 0 0 0 0,0132 0,9643 0 0 0 

8 0 0 0 0 0 0 0,0132 0,9643 0 0 

9 0 0 0 0 0 0 0 0,0132 0,9643 0 

10 0 0 0 0 0 0 0 0 0,0132 0,9643 
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Population structure transition zone 

Size class Individuals per ha 

1 12200 

2 71800 

3 45000 

4 17200 

5 25200 

6 2100 

7 1400 

8 1450 

9 300 

10 100 
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Appendix IV Structural equation model on plot level 

 
Fig. 7. The model with the best fit on plot level (N=91) shows that the amount of juveniles are explained by the 

amount of fruits, the condition of the juveniles, the amount of adult A.phalerata, the condition of the adults, 

the clay content of the soil and the bare soil cover. The condition of the juveniles are explained by the cattle 

pressure, the bare soil cover and the condition of adult A. phalerata. The black arrows indicating a significant 

relation (p<0.005) and the grey arrows a not significant relation. The numbers around the arrows are 

standardized path coefficients. This model explains 44% of the amount of juveniles present.  

 


