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Abstract 
The Amazon Basin is by far one of the most diverse places on Earth. Over decades, many theories were built to understand how this 
biological diversity has appeared and is maintained. In this work, we try to synthesize the most pertinent, out of the many existing 
theories. We focus on species richness as a basic measure of biological diversity. Moreover, we emphasise on tree diversity, for they 
constitute the basic level of tropical rainforests trophic webs. The first section discusses the processes that allowed so many species 
to rise. These processes involve biotic (vicariance, migration, coevolution) or abiotic (climatic or hydrographic variation and orogenesis) 
mechanisms. There is still no consensus about which of these drivers had the most influence on the Amazonian evolutionary history, 
and even less about when diversification rates were the highest. Second section emphasises on the theories about processes that 
promote species coexistence. They describe deterministic or stochastic (rather, mixed) mechanisms. The first involves niche-based 
theories and density dependence due to pathogens. The second encompasses Hubbell’s neutral theory and Chesson’s general theory 
of competition in variable environment. To measure the importance of these theories is difficult. They all have arguments in favour, 
depending at which scale one is looking. Nowadays, efforts to integrate these theories together in appropriate spatio-temporal frame-
works are particularly needed.   
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Introduction 

The term ‘biodiversity’,  a contraction of ‘biological 

diversity’, was first coined by Walter Rosen of the Ameri-

can National Research Council (Meine, Soulé, & Noss, 

2006). The term became fashionable in the 1990s (Meine 

et al., 2006) during which time people became aware of 

species decline due to human effects. It is estimated by var-

ious measures ranging from the raw number of extant enti-

ties in an ecosystem (species, allele, life form, etc.), to com-

bined measures of number, and frequency such as general-

ized entropy (HCDT) (for exhaustive review, see Marcon, 

2017). As an original and directly interpretable number of 

biodiversity, we choose here to focus on species richness, 

i.e. the estimated number of species in an area, as a measure 

of biological diversity. 

“Biodiversity today is huge, and it has a long history” 

(Benton, 2013). Even after centuries of taxonomical efforts 

involving the life’s work of numerous scientists, a lot likely 

remains to be done to catalogue Life. Whereas ca. 1.8 mil-

lion species have been described so far, the total number 

has historically been estimated at anywhere between 2 to 
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100 M. Current estimates are between  2 and 8 M. The Am-

azon Basin is around seven million square kilometres in 

area (R. Herrera, Jordan, Klinge, & Medina, 1978) and co-

vers approximately 40% of South America, (Swap, 

Garstang, Greco, Talbot, & Kållberg, 1992). It is mostly 

covered by  tropical rainforest, the largest in the world (5.5 

million km2 ; Ritter et al., 2017). The Amazonian rainforest 

shelters one tenth of the world’s biodiversity  (Foley et al., 

2007), and is thus one of the most diverse places on Earth. 

The origins of Amazonian diversity have been much de-

bated, however there is no consensus.  

On the one hand, a central concern of Evolutionary 

Biology is to explain how and when this diversity appeared. 

On the other hand, an important consideration for Ecology 

is to understand what drives the increase, maintenance or 

decrease of ecosystem diversity. Both problematics are in-

timately related, as the processes supposed to maintain bi-

odiversity may have played a role in its rise. This diversity 

has historically been divided into alpha, beta and gamma 

diversity (Whittaker, 1960), the first is the number of spe-

cies in a local community, the second is the differential di-

versity between communities, and the third is the total met-

acommunity diversity. Here we try to provide an insight 

into the current knowledge and opinions on biodiversity or-

igins and maintenance. We first focus on the origins of this 

diversity, with emphasis on the Amazon basin, synthesising 

the validity of the principal theories and current opinions. 

We necessarily tackle the origins and maintenance of bio-

diversity from a large-scale perspective, both temporally 

and geographically. Microevolutionary processes or popu-

lation genetics are reviewed elsewhere and are beyond the 

scope of this synthesis. Second section will discuss the pro-

cesses that may allow the maintenance or increase of bio-

diversity, with a discussion of their geographical and tem-

poral scale. 

1 The origins of biodiversity in 
the Amazon basin 

First of all, different geographical features promote 

biodiversity in the Amazon basin, like its location near the 

Equator, at the maximum of the latitudinal diversity gradi-

ent (Kricher, 2011). Its large surface area also promotes bi-

odiversity (MacArthur & Wilson, 1967), and speciation 

rates are higher in larger areas due to increasing opportuni-

ties for isolation and divergence (Ricklefs, 2004; 

Rosenzweig, 1995). This level of species richness suggests 

that speciation rates were high and extinction rates were 

lower in this area. This is true for the inter tropical belt 

which escaped from glaciation time, one of the major 

source of extinction in higher latitudes but it does not mean 

that the environment had been more stable through time. 

Moreover, the Amazonian rainforest has been in place for 

a very long time, which promotes the emergence of new 

species. Paleogene records, mainly deriving from northern 

South America, show that a rainforest with family-level 

floristic composition and leaf physiognomy, similar to 

modern Neotropical rainforests already existed by the Mid-

dle Paleocene (Doria, Jaramillo, & Herrera, 2008; Herrera, 

Jaramillo, Dilcher, Wing, & Gómez-N., 2008; Wing, 

Herrera, & Jaramillo, 2004). Other studies record angio-

sperms in South America from the Cretaceous or even the 

Jurassic (Chanderbali, A. S., van der Werff, H., Renner, 

2001), but fossils are rare so there is very little information 

about this period. 

1.1 Paleogeography 

1.1.1 Andean uplift 
The Andean cordillera rose ca. 23 mya between the 

late Oligocene and the early Miocene as a long re-

sult  of  the subduction of the Nazca plate under the Pacific 

plate (Montgomery, Balco, & Willett, 2001), which 

started 130 mya. The current Amazon River drainage basin, 

with its ca. 10,000 tributaries (South) (Nazareno, Dick, & 

Lohmann, 2017) and the Onorico basin in the North 

(Dobson, Dickens, & Rea, 2001) was created during this 

period.  This large hydrographic basin (Riverine barrier hy-

pothesis ; (Wallace, 1854)) and the Andean uplift created 

major dispersal barriers (Smith et al., 2014) isolating pop-

ulations and leading to vicariant speciation especially for 

terra firme forest species. In addition, the Andean uplift 

created a lot of new mountain and riverine habitats. It also 

increased the rainfall on the eastern flank of the cordillera, 

followed by an increased erosion which changed sediment 

and water supply in the Amazon basin. All those topo-

graphic and climatic changes increased ecosystem hetero-

geneity and influenced allopatric speciation and adaptive 

radiation (Rull, 2011) for many taxa like birds, mammals, 

vascular plants and fishes. Thus it explains why the young 

western Amazonian area is much more diverse than the 

older eastern, and less nutrient filled area, including the 

Guianan and Brazilian shields (Hoorn et al., 2010). 

1.1.2 The Great American Biotic Interchange 
The period named as the Great American Biotic In-

terchange (GABI) refers to the formation of the Isthmus of 

Panama in the early mid-Pliocene (< 4.5 mya) (Stehli, F. 

G., Webb, 1985). This new connection between North and 

South America enabled a massive migration which highly 

influenced biological communities on both continents 

(Hoorn et al., 2010) as a source of new species and taxa but 

also massive extinction of those which were already present 

but not enough competitive. 

1.1.3 Pleistocene climatic oscillations 
The Pleistocene period is known for its many climatic 

oscillations from glacial to interglacial times between 2.6 

million and 11.7 thousand years ago (Rull, 2011). It caused 

changes in ecological communities, suggested by allopatric 

speciation promoted by local abiotic differentiation. The 

Pleistocene Refuge Hypothesis (PRH; Jürgen Haffer, 1969) 

emerged from this idea. Glacial periods are associated with 

drying periods which deeply change vegetation in the Am-

azon basin. Vegetation cover changes from rainforest to dry 

forests and open savannas (Peterson & Ammann, 2013). 

Altitude created rainfall, humidity increasing gradient, thus 

rainforest species only have occurred on elevated areas and 
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their populations became spatially fragmented. Then a new 

“wetter” or interglacial period starts, rainforest re-colonizes 

the entire region and isolated populations return to sympat-

ric distribution.  This explains the number of similar spe-

cies phenotypes currently found in the Amazon basin. The 

popularity of the PRH theory had risen and currently fall 

due to a lack of supporting phylogenetic data (Hoorn et al., 

2010; Smith et al., 2014). It has been argued that earlier 

physiographic events such as : riverine barrier (Riverine 

refuge hypothesis : rain forest species were found only on 

the broad lower courses of rivers during the Coenozoic1 dry 

period; J. M. C. Ayres, 1986; J. M. Ayres & Clutton-Brock, 

1992)) and marine incursion (Interglacial Amazonian em-

bayment), induced allopatric vicariance instead of PRH 

theory (J. Haffer, 1997). 

However, recent studies show that in western Ama-

zonia, where biodiversity is highest, various climate rec-

ords described humid conditions through the Pleistocene 

glaciations, indicating that species richness was the conse-

quence of long-term stability rather than repeated vegeta-

tion shifts (Baker & Fritz, 2015; Cheng et al., 2013; 

Mosblech et al., 2012; Smith et al., 2014). 

 

Figure 1. Schematic representation of three speciation models 

for Amazonia. The Riverine barrier hypothesis (purple); The 

River-refuge hypothesis (pink); The Refuge hypothesis (green) ; 

The Interglacial Amazonian embayment (yellow). Adapted from 

(J. Haffer, 1997), taken from (Eisemberg & Reynolds, 2017). 

1.2 Coevolution 
Coevolution is the reciprocal evolution of interacting 

species, driven by natural selection (Ehrlich, P. R. and 

Raven, 1964; Thompson, 1989).Coevolution studies first 

analyzed coevolution between two species represented by 

a single population each. Actually, species are composed of 

many local populations exposed to different environments, 

and the consequence of coevolution at the species level is 

the sum of these local changes (Thompson, 1999). Interac-

tions are classified depending on their impacts on the fit-

ness of partners. They can be either: mutualistic, such as 

symbiosis or mutualism; or antagonistic, namely parasit-

ism, predation, and competition. Interactions yield benefits 

                                                           
1 Cenozoic is the era including different epoch be-

tween the Paleocene (66-58 mya) and the Pleistocene and 

the Holocene (2-0 mya) 

and costs which outcome tends to be optimized by natural 

selection, through trait changes that modify local adapta-

tion and lineage divergence patterns. Selected traits may in-

fluence the probability of interactions (negatively for host-

parasite interactions, positively for mutualisms), or the re-

sulting benefits to costs ratio. Local coadaptation is a con-

sequence of selection on interacting species that adapt and 

counter-adapt to one another over time. Sometimes, 

coadaptation can lead to reproductive isolation of locally 

coadapted lineages from other populations, as local adapta-

tion may favor relatively inbred crossing. With cessation of 

gene flow and further divergence, this process ultimately 

leads to speciation, and over long time periods to macroev-

olutionary diversification. This evolutionary process can be 

integrated through space as The Geographic mosaic of co-

evolution theory (Thompson, 1999). If coevolution leads to 

speciation it first increases species richness but also leads 

trophically to speciation by creating new prey and so new 

trophic niches.  Coevolution is a motor of biodiversity and 

tends to increase biodiversity. As an example, plants and 

insects represent more than half of all species on Earth   

(Farrell, B. D., Mitter & Futuyma, 1964). The diversity of 

both taxa is the result of long and complex coevolution pro-

cesses. Given that they constitute the base level of the ani-

mal food web their diversification promotes diversification 

in higher trophic levels. 

2 How does Biodiversity uphold 
in hyperdiverse communities? 

Tropical forests have long fascinated scientists and 

continue to do so. In this second part, we try to present 

some of the many theories built to explain why the Amazon 

Basin is so species rich.  Trees are key species to ecosys-

tems, and a substantial number of other taxa are influenced 

by floristic diversity, thereby being a good proxy of ecosys-

tem diversity. For instance, many insects are phytophagous, 

and their presence is conditioned by their host plant. We 

thus principally focus on theories that could explain tree di-

versity. The processes we present here can be deterministic, 

e.g. niche packing, pest pressure and habitat heterogeneity, 

or -at least partly- stochastic, e.g. storage effect and ecolog-

ical drift. What factors can explain the 5-fold increase of 

tree diversity (Leigh, 2004) between one forest hectare in 

temperate America and the Neotropics ? Some examples 

may come from elsewhere in the world, but tropical forests 

share similar features that enable us to generalize these 

findings. What follows is necessarily incomplete and non-

exhaustive. 
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2.1 Ecological Niche and spatial hab-
itat variation 

2.1.1 The Niche packing theory 
The concept of niche has a long history. Joseph Grin-

nell (1917) was among the firsts to use this term, to refer to 

every element conditioning the existence of a species in a 

given place, i.e. abiotic (temperature, rainfall, etc.) and bi-

otic (food, predators, competitors) factors. Based upon ex-

isting theoretical frameworks (e.g. Darwin, 1859), Gause 

(1936) and Hardin (1960) formalized the competitive ex-

clusion principle, and Hutchinson (1959, 1957) developed 

one of the first theories explaining species coexistence. A 

species’ niche is now defined as a hypervolume of re-

sources that defines its ecological requisites. Two compet-

ing species (i.e. that use the same resource(s)) may either 

find new resources to exploit, share existing resources but 

employing different strategies, or one species will be ex-

cluded (Hutchinson, 1959, 1957). In the tropics, hyper-

diverse animal and plant communities have long problem-

atized the concept of niche (Richards, 1969). A popular 

idea is that tropical ecosystems, with high productivity and 

favorable conditions, offer more resources for species to 

partition. In addition, tropical species are thought to be 

more specialized. This results in hyperdiverse communi-

ties, in which species exploit smaller niches than in temper-

ate areas. This phenomenon is referred to as niche packing 

(Case, 1981).  This theory has been well recognized by an-

imal biologists (Krebs, 1972) but received less support 

from plant biologists (Grubb, 1977). Huston (1979) pin-

pointed two issues of the niche packing theory : some au-

thors attributed high species richness to intense competition 

leading to niche restriction, but others, to low competition 

due to multiple factors ; some studies correlated diversity 

positively with productivity, but others found the con-

trary.  After several examinations of that kind, the niche 

packing theory is no longer considered a panacea to explain 

species diversity in the tropical rainforests (Hill & Hill, 

2001; John Terborgh, 1992). 

2.1.2 Habitat heterogeneity at various scales 
Hill & Hill (2001) pinpointed the common miscon-

ception that tropical rainforests are monotonous biomes, 

and affirmed that any part of a rainforest is unique at what-

ever scale. At the finest scale, Baraloto & Couteron (2010) 

found out that “for many microhabitat variables[...],  varia-

bility among neighboring points at distances as small as 30 

cm was as great as between points separated by 20 m” and 

suggested that “exactly where a seed lands may be at least 

as important as broader scale environmental features”. In 

the Amazon basin and South America, more than 20 forest 

types have been categorized (Pires & Prance, 1985; Prance, 

1977, 1983, 1996). These are usually classified according 

to hydrological features (terra firme and inundated forest 

formations) and each forest type is a variant along the hy-

drographic gradient, defined according to complex micro-

topographic and edaphic gradients that appeared, as dis-

cussed earlier, during the Andean uplift. At this broader 

scale, habitat heterogeneity also promotes trees diversity. 

Additionally, whereas temperate forests have canopy and 

understory species, tropical rainforests have one or two ex-

tra layers ( Terborgh, 1985), allowing more trees with dif-

ferent temperaments to thrive, along with other life forms 

as epiphytes and climbers. Nonetheless… In our opinion, 

unclear is whether this stratification is a cause that may ex-

plain, or rather a consequence of higher floristic diversity 

in intertropical latitudes. It actually could be both : in a re-

cent paper, Gatti et al. (2017) hypothesised that biodiver-

sity is autocatalytic, i.e. In other terms, diverse ecosystems 

offer more new, different niches to be exploited by other 

species -within the limits of the system’s carrying capacity-

. The validity of this proposition still needs to be evaluated. 

Trees indeed provide support for epiphytes and climbers, 

but in our opinion this hypothesis may not explain well tree 

diversity. 

2.2 Succession and treefall theory 

2.2.1 From Clements to Oldeman 
Even combining the niche theory and the diversity of 

habitats as described above, the existence of such species-

rich communities cannot be explained without accounting 

for sylvogenesis. This concept has been defined through a 

tremendous number of papers, starting from Clements 

(Clements, 1916) with successional regeneration and the 

climax theory. He stated that in a forest ecosystem, when 

perturbation occurs, a well determined sequence of floristic 

facies, constituting regeneration phases appear one after the 

other, until a mature state, referred to as climax, is once 

more achieved. This last point has been controversial (see 

Aubréville, 1938; Egler, 1954). Actually, a forest is com-

posed of a mosaic of different successional stages 

(Richards, 1952). These stages are due to autogenic pertur-

bation sources, such as treefalls or rivers. The process of 

auto-disturbance and subsequent regeneration, leading to a 

biostatic phase and, finally, to an overmaturity stage with 

increased mortality and disturbance, has been formally uni-

fied by Oldeman (1990) under the term “sylvogenesis”. Not 

all tree species have the same ecological requirements, es-

pecially concerning light. Some of these species can only 

thrive in gaps due to light requirements (pioneer species), 

while others cannot survive in gaps, either because of spe-

cific vulnerabilities, or slower growth than pioneers under 

these conditions, or because their dispersal is less efficient 

in terms of colonization time. The patchy distribution of in-

termediate and mature forest stages, and treefalls, by creat-

ing microenvironmental and habitat contrasts, allows the 

coexistence of species that have different light exigences 

(Oldeman, 1990) and thus promote plant diversity in tropi-

cal forests. In Amazonia, around 50% of tree deaths result 

in treefalls (Pascal, 1995), at a rate of about 1% of forest 

area per year (Riera, Puig, & Lescure, 1990). Sylvogenesis 

is thus a major mechanism of forest dynamics and species 

coexistence, but clearly not the only one. 

2.2.2 The intermediate perturbation hypothesis 
Some tropical forests also undergo additional, exoge-

nous or exceptional perturbations such as hurricanes, land-

slides or storms. These perturbations are supposed to have 
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more detrimental impact (in terms of number of represent-

atives) on most abundant species, and can help opening 

space that may be beneficial for less abundant species, es-

pecially pioneers. The intermediate perturbation theory (J. 

H. Connell, 1978) affirms that a certain level of perturba-

tions (in terms of frequency or intensity) helps offsetting 

the dominance of  highly competitive tree species, thus al-

lowing less competitive and opportunistic species to be 

more abundant, thus limiting their extinction risk. Some 

studies showed that disturbance -in this case, hurricanes-, 

indeed increased local diversity (e.g. Imbert, Rousteau, & 

Labbe, 1998). We suppose that what does really matter is 

the study scale: metacommunity diversity should be unaf-

fected by disturbance, or even, decrease a little if the per-

turbation erases endemic or rare species. If local diversity 

is enhanced by the attenuation of dominance, beta diversity 

would reciprocally decrease. What is sure is that disturb-

ance causes habitat diversification that can play in favor of 

biological diversity, from a niche-based point of view. 

2.3 Attenuating competitive exclu-
sion in hyperdiverse, competing 
stands 

2.3.1 The importance of the “regeneration 
niche” 

Plants all need light, carbon dioxide, water, and the 

same minerals to grow. Even if these needs may vary as 

discussed earlier, adult plants are unlikely to exploit dis-

tinct ecological niches fully (John Terborgh, 1973). Thus, 

tropical tree communities are competing and several mech-

anisms offset the risk of exclusion for less competitive taxa, 

allowing numerous species to coexist. Grubb (1977) bril-

liantly highlighted the importance of regeneration in under-

standing forest diversity, structure and dynamics. Seedling 

performance is a primary determinant of the habitat associ-

ations for adult trees across Amazonia (Fortunel et al., 

2016). Many of the processes that are discussed in other 

sections supposed to act on biological diversity affect trees 

especially at their early age: dispersal limitation, herbivory, 

etc. The increased mortality they can induce results in “re-

cruitment limitation”. 

2.3.2 Temporal resource partitioning 
Tropical trees often show seasonality, of fructifica-

tion and seed germination (Mori & Brown, 1994). Inter-

specific competition is reduced by the differences of regen-

eration potential or germination advantage due to differ-

ences in fructification timing among trees (Runkle, 1989). 

Iwasa et al. (1995) modelized such regeneration seasonal-

ity. Their results suggest that temporal differentiation may 

play a key role in maintaining trees diversity at the regional 

scale. If all together, the different tree species in a commu-

nity show enough differences in flowering timing to pro-

duce flower and fruits continuously, pollinators and dis-

seminators (for example, birds) can thrive and be beneficial 

for the trees (Brown & Hopkins, 1996). Additionally, the 

low synchronization of flower production between species 

allow to lessen the competition for pollinators. It seems, 

however, that temporal resource partitioning does not re-

duce resource competition, maybe except for seedlings 

(Mabberley, 1983). Tropical forests and its many interac-

tions seem way too complex to fully understand this pro-

cess, but it may play a key role in maintaining the diversity 

by attenuating, on the one hand, competition for pollina-

tors, and on the other hand, inter-specific competition be-

tween seedlings. 

2.3.3 Storage effect 
Storage effect is the collective outcome of three im-

portant ingredients (Peter Chesson, 2000): 1- differential 

responses of species to environment variation, that may be 

regular (e.g. seasonal) or stochastic (e.g. intense droughts, 

hurricanes…) ; 2- covariance between environment and 

competition, or the way favorable or detrimental conditions 

modulate the species’ ability to compete ; and 3- buffered 

population growth, a feature that keeps a part of a species’ 

population to undergo dramatic effects of competition or 

environment. In trees, buffered population growth can be a 

consequence of seed dormancy, adult longevity, or even 

subdivision of a population into different phenotypes (e.g. 

in Symphonia globulifera; Sylvain Schmitt, comm. pers.). 

Those three mechanisms lead to superior intraspecific ef-

fects, relative to interspecific effects, on population demog-

raphy, which stabilizes the system and prevents species 

from being excluded (P. Chesson, 1994). Having long been 

developed in Chesson’s own theory of competitive coexist-

ence in variable environments, storage effect faced Hub-

bell’s neutral theory without being as popular (Hérault, 

comm. pers., 2017). It has recently received attention as it 

was found to explain part of the latitudinal differences in 

competitive exclusion potential (Usinowicz et al., 2017), 

alas a consequence of lower reproductive synchrony be-

tween tree species -discussed in the precedent section-. 

Having long been left apart, Chesson’s theory may, in our 

opinion, turn out to be of central interest in further under-

standing intra-guild competition limitation mechanisms. 

2.4 From McArthur & Wilson island 
model to Hubbel’s unified neutral 
theory 

2.4.1 Island biogeography and the Neutral the-
ory of ecology 

McArthur and Wilson (1967)  developed the first 

neutral model in ecology : the island biogeography theory. 

They focused on explaining species richness equilibrium 

on islands without accounting for species themselves, con-

sidering they all have the same extinction risk and migra-

tion potential. The island’s size and its distance from the 

continent are the crucial factors. Empirical validation have 

been subject to ethical issues but proved its validity (see 

Simberloff, 1976; Wilson & Simberloff, 1969). Hubbell’s 

unified neutral theory of forest ecology (Hubbell, 2001) is 

built upon the island biogeography theory, and closely par-

allels Kimura’s neutral theory of population genetics (see 

Kimura, 1983). In the neutral model of forest dynamics, 

species correspond to allelic types, and speciation parallels 
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mutation in the “infinite allele” model. A fundamental, sim-

plifying assumption is that all individuals, regardless to 

their species, exhibit equal demographic rates and specia-

tion probability. Moreover, community dynamics under the 

neutral model is a zero-sum game, i.e. communities have a 

limited carrying capacity in terms of number of individuals. 

A new individual appears only if another dies, and the spe-

cies to which the replacing individual belong is determined 

by a random, multinomial draw which probabilities only 

depend on frequencies distribution among species. In a 

metacommunity, the equilibrium between ecological drift 

(with random individual deaths leading to changes in spe-

cies frequencies and ultimately, extinction) and speciation, 

or migration at small scale. 

2.4.2 From dispersal limitation to recruitment 
limitation 

It is obviously unrealistic to assume that if some indi-

vidual dies, every other species in the community can re-

place it regardless to its distance from the gap. This is the 

concept of dispersal limitation, that is well documented 

(Hill & Hill, 2001; Hubbell & Foster, 1986; Ozinga et al., 

2005). When a tree dies, the replacing individual is likely 

to belong a species that is present in the gap’s neighbor-

hood. The number of neighbors that is included quantifies 

the intensity of dispersal limitation. High dispersal limita-

tion involves a decrease of local (alpha) diversity, as spe-

cies tend to form local, conservative aggregates with high 

dominance; while the total metacommunity (gamma) diver-

sity, because of equilibrium between ecological drift and 

speciation, stays unchanged. Differential (beta) diversity is 

increasing with dispersal limitation, as dominance within 

patches reduces inter-patches similarity (Hubbell, 2001). 

Dispersal limitation has later been expanded to recruitment 

(Tilman, 1994). Limited dispersal ability, low abundance 

and random events, but also nonrandom factors (see the 

next section) lead to the absence of competitive species re-

cruits, letting space for inferior competitors to subsist. For 

example, Hubbell et al. (Hubbell, 1999) highlighted the im-

portance of recruitment limitation on Barro Colorado Is-

land rainforest. 

2.4.3 The role of herbivory 
 Janzen (1970) and Connell (1971) hypothesised that 

specific herbivory (or pathogenicity) would keep 

seeds/seedlings from surviving where their concentrations 

are high enough to attract “pests”. Such spacing mechanism 

is expected to have more impact on abundant species 

(Okuda, Kachi, Yap, & Manokaran, 1997), resulting in 

“compensatory mortality” mechanisms that prevent less 

competitive species to be excluded (Penfold & Lamb, 

1999). In the tropics, no seasonality can substantially re-

duce herbivory, which is thus rather constant through the 

year (Wolda, 1983). 

Such mechanisms exist (Clark & Clark, 1984; 

Hammond, Brown, & Zagt, 1999; Wills & Condit, 

1999)but their importance is still debated (Wright, 2002). 

Some authors found out that a majority of herbivores are 

specialists (Barone, 1998; Novotny et al., 2002)whereas 

others affirmed that most are generalists (Basset, 1999). 

Fortunel et al. (2016) reported, for 41 habitat-specialist, 

Amazonian tree species, that herbivore pressure had few 

impact while rainfall variation, flooding and soil gradients 

had a strong influence on seedling survival. Additionally, 

some authors affirm that this theory alone fails to explain 

the high diversity of the neotropical rainforest (Hill & Hill, 

2001; Hubbell, Condit, Foster, Grubb, & Thomas, 1990) 

Conclusion: 

We have exposed several theories that putatively ex-

plain the tremendous diversity observed in neotropical rain-

forests, with an emphasis on Amazon Basin tree communi-

ties. The Amazon basin is the most diverse place on Earth, 

owing to multiple factors such as: latitudinal location, the 

longevity of its forest ecosystem, and large surface area. In 

general, three main processes increased species diversity: 

speciation, extinction, and migration. During the formation 

of the current Amazon basin, several climatic and physio-

graphic events, e. g.: glacial period oscillation, orographic 

(Andean uplift), hydrographic (Amazon River and its trib-

utaries) are considered as the major drivers of speciation 

(allopatric and sympatric). The coevolution speciation rate 

on such diverse place must also not be ignored.  The prin-

cipal migration event, in terms of species number, was the 

closure of the Isthmus of Panama (GABI) which induced 

major changes in some taxa. It is important to note that ex-

tinction has punctuated each of these major historical 

changes. Amazonian diversity must be considered as an 

outcome of complex ecological and geomorphological re-

organisation over geological time, rather than simply a sum 

of key events. Nowadays, scientists debate on when the 

main diversification event occurred. Rull (2008) contests it 

happened during the Quaternary (2 mya to 0) induced by 

the Pleistocene oscillations. Hoorn et al. (2010) argue that 

it happened during the Tertiary or the Pre-Quaternary with 

an older origin: paleogeographic changes.  Zink et al. 

(2004) suggest that it is a continuous process and there is 

no specific speciation peak. For the moment there is no 

clear-cut answer due to a lack of fossil traces and phyloge-

netic evidence.  

Multiple processes allowed species coexistence, and 

continue to do so. We principally focused on intra-guild 

processes, with the example of trees, that exploit roughly 

similar resources. Jansen-Connell mechanisms, however, 

involve two trophic levels. Mechanisms promoting the co-

occurrence of numerous species can be deterministic, non-

random such as niche packing, community differentiation 

according to multiple scale habitat heterogeneity, vertical 

structuration, herbivore pressure; or random -at least to 

some extent-, such as Chesson’s storage effect, Hubbell’s 

ecological drift, and seedling/saplings demographics. 

These mechanisms, combined with current data and exper-

tise, are unable to satisfactorily explain how hyperdiverse 

communities can be maintained. Further investigations are 

still as necessary as before, and may yield interesting re-

sults by examining models that have been less extensively 

studied (as Chesson’s storage effect). Theories have 
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evolved from early 20th century biogeographers considera-

tions upon diversity patterns at global, continental scale to 

studying processes at community scale ; from theories in 

which species were central, e.g. niche based theories, to 

theories in which they only need to be named (for example, 

Hubbell’s neutral theory) ; from sheer determinism to ac-

counting for stochasticity. Nowadays, Hubbell’s neutral 

theory have been accepted, maybe not as a proof that the 

dynamic balance between migration, speciation and eco-

logical drift is the major process to explain diversity at a 

community level, but at least, as a model to use to develop 

null hypothesizes and test for signatures indicating that 

other processes are at stake. In a way, Hubbell depicts spe-

cies’ random behavior in an implicitly constant environ-

ment. Chesson’s theoretical framework of intra-guild com-

petition models reverses the problem: he considers that spe-

cies respond deterministically to environmental variation, 

which consists of stochasticity and seasonality. More re-

cently, partisans of the Metabolic Theory of Ecology 

started to seize upon these problematics (e.g. Okie et al., 

2015 in the Antarctic) but  we remain skeptical in the face 

of such statements: “the logarithm of species richness 

should decrease linearly with the inverse of temperature” 

(Qian & Ricklefs, 2011) Latitudinal patterns of diversity 

are evident, and correspond to temperatures at global scale, 

but such an influence would be secondary to other pro-

cesses, for example, continents’ evolutionary history, that 

modifies biodiversity’s orders of magnitude (Hill & Hill, 

2001) Will intensive examination of all the currently devel-

oped theories help disentangle the interconnected, nested 

influences of the so many drivers of diversity, at different 

spatio-temporal scales ? 
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