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                             Oligarchies in Amazonian tree communities: a ten-year review      

    Nigel C. A.     Pitman  ,       Miles R.     Silman    and        John W.     Terborgh            

 N. C. A. Pitman (ncp@duke.edu) and J. W. Terborgh, Center for Tropical Conservation, Nicholas School of the Environment, Box 90381, 
Duke Univ., Durham, NC 27708-0381, USA.  –  M. R. Silman, Dept of Biology, Wake Forest Univ., 1834 Wake Forest Rd., Winston-Salem, 
NC 27106, USA.                              

 Th is paper revisits various hypotheses about oligarchic patterns in Amazonian tree communities put forward by Pitman 
et   al. (2001). Together, these hypotheses predict that most lowland sites in the Amazon are located within large patches 
of relatively homogeneous edaphic and other environmental conditions, where an oligarchy of common, frequent tree 
species accounts for a majority of trees. To assess the degree to which these hypotheses have been corroborated or refuted 
over the last ten years, we reviewed    �    200 studies published since 2001. We found overwhelming support for the hypo-
thesis that large-scale oligarchies of common and frequent species are a common feature of Amazonian tree communities. 
At least 22 studies have documented oligarchies in Amazonian woody plant communities to date, and no studies have 
looked for oligarchies as defi ned by Pitman et   al. (2001) and failed to fi nd them. We argue that six publications that off er 
critiques of the oligarchy hypothesis do not constitute valid tests. Th e other hypotheses in Pitman et   al. (2001)  –  one 
regarding the specifi c oligarchic taxa that dominate forests near the eastern base of the Andes and one that attempts to 
explain why oligarchic species exist  –  are less well supported by the literature, in large part because they have not been 
subjected to many tests. We discuss links between these hypotheses and other well-known patterns and hypotheses in 
ecology (the abundance – occupancy relationship, the Janzen – Connell hypothesis, the niche-environment hypothesis, and 
the niche breadth hypothesis), and provide additional detail to facilitate rigorous tests in the future. Th e paper concludes 
by presenting remote sensing evidence that large patches of relatively homogeneous environmental conditions account 
for most of the upland forest landscape across Amazonian Peru.   

 In 2001 we published an article that described patterns of 
tree species distribution and abundance in networks of 1-ha 
tree plots scattered across large areas of upland forest at two 
Amazonian sites: Yasun í  National Park in eastern Ecuador 
and Manu National Park in southern Peru (Pitman et   al. 
2001). Both sites are known to harbor  �    1000 tree species 
(Pitman 2000). 

 Th e article was notable because it reported some strong 
empirical patterns that had previously been underappreci-
ated for Amazonian forests. First, a majority of trees invento-
ried at Yasun í  and a majority of trees in each 1-ha plot 
there belonged to a small set of species that were both com-
mon and frequent on the landscape. We referred to these 
150 species as  ‘ oligarchs, ’  and reported that they accounted 
for 63% of all trees in the Ecuadorean network. 

 Second, an essentially identical pattern was found 
independently at Manu, where 150 species qualifi ed as oli-
garchs and accounted for 73% of all trees in the network. 

 Th ird, we reported that 42 tree species were present 
in both the Yasun í  and the Manu oligarchies. 

 Finally, we found that for the 254 tree species that were 
recorded at both sites, regardless of whether they were 
oligarchs or not, there was a signifi cant positive correlation 
between overall densities (trees ha  � 1 ) at the Ecuadorean 

and Peruvian sites. In other words, species that were com-
mon in Yasun í  tended to be common in Manu. Indeed, 
the most common species at both sites was the palm  Iriartea 
deltoidea , which occurred at the same density in the Peruvian 
and Ecuadorean networks. 

 Th e strength and consistency of the patterns we observed 
at Yasun í  and Manu, which are separated by 1400 km 
and 11 degrees of latitude, emboldened us to make predic-
tions in Pitman et   al. (2001) about how tree communities 
might be organized in the rest of the Amazon basin. Our aim 
in this paper is to revisit those hypotheses, to assess the extent 
to which they have been supported or rejected by studies 
published over the last decade, and to reiterate and clarify 
them where needed.  

 Hypotheses 

 We identifi ed three primary hypotheses in Pitman et   al. 
(2001), which are discussed in detail in the following 
sections. 

 In order to assess the extent to which each hypothesis has 
been supported or refuted over the last ten years, we reviewed 
200 of the 209 publications that had cited Pitman et   al. 
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(2001) according to a Web of Science search in February 
2012. (Th e nine publications that were not reviewed were 
articles or book chapters we were unable to obtain.) We 
also reviewed four additional publications that were not 
listed in Web of Science but that cited Pitman et   al. (2001) 
or tested a hypothesis in that paper, as well as one publi-
cation in preparation regarding swamp and fl oodplain tree 
plots in Yasun í  (Pitman unpubl.). Of all these publications, 
we ignored those that did not test any of the three hypo-
theses or did not include data that could be used to assess 
their support. Publications that reported results from the 
same datasets as Pitman et   al. (2001) were also excluded.  

 Hypothesis 1: the oligarchy hypothesis  

 Original prediction 
 Pitman et   al. (2001) predicted that oligarchies like the ones 
documented at Yasun í  and Manu would prove to be a 
common feature of Amazonian tree communities. Th e origi-
nal text states:  ‘ Whatever the particular fl oristic composition 
of an Amazonian forest, we propose that an oligarchy 
of common species dominates it at large spatial scales. Even 
in regions where the tree fl ora is utterly distinct from those 
of eastern Ecuador and southeastern Peru, we predict that 
a small proportion of taxa will be found to occur with high 
frequency and at high local abundances across the landscape. 
Where environmental heterogeneity is low, or perceived 
as low by tree species, the areas dominated by these predict-
able oligarchies may measure thousands of square kilometers 
in extent. Where environmental heterogeneity is high  –  for 
example, among the patchy edaphic conditions at Iquitos, 
Peru  –  the areas dominated by predictable oligarchies may 
be much smaller (Ruokolainen and Tuomisto 1998). Th us 
the oligarchic taxa will vary from region to region, and in 
cases of environmental heterogeneity from patch to patch, 
but the patches themselves may be largely homogeneous in 
composition and structure (Pitman et   al. 2001: 2111) ’ .   

 Studies in support of hypothesis 1 
 Since 2001, at least 18 studies have reported oligarchic ele-
ments at intermediate to large spatial scales in Amazonian 
plant communities. Seven of those studies were carried out 
in the same area of eastern Ecuador we studied, where 
they recorded a strong degree of predictability at the land-
scape scale for palms (Vormisto et   al. 2004, Montufar 
and Pintaud 2006), woody plants    �    2.5 cm dbh (Mac í a 
and Svenning 2005, Mac í a 2011), lianas in both upland and 
fl oodplain forests, independently (Burnham 2002, 2004), 
and trees    �    10 cm dbh in swamp and fl oodplain forests, 
independently (Pitman et   al. unpubl.). Two additional 
studies come from the same region we studied in Peru, for 
woody plants  �    2.5 cm dbh (Phillips et   al. 2003), and for 
trees    �    10 cm dbh in upland and swamp forests (Cornejo 
Valverde and Janovec 2006). 

 Nine other studies have reported oligarchic patterns 
from other regions of Amazonia: for trees    �    10 cm dbh in 
an area of southern Peru adjacent to the one we studied 
(Pitman et   al. 2003, 2011), palms in northern Peru 
(Vormisto et   al. 2004, Montufar and Pintaud 2006, 
Kristiansen et   al. 2009), trees in northern Peru (Honorio 

Coronado et   al. 2009, Fine et   al. 2010), woody plants 
 �    2.5 cm dbh in Caquet á , Colombia (Duque et   al. 2002), 
woody plants    �    2.5 cm dbh in western Bolivia (Mac í a and 
Svenning 2005, Mac í a 2008), and trees in white-water 
fl oodplain (v á rzea) forests in Amazonian Brazil (Wittmann 
et   al. 2006). 

 At least two studies preceding Pitman et   al. (2001) also 
identifi ed what appear to be western Amazonian oligarchies: 
for upland tree communities in Caquet á , Colombia 
(Duivenvoorden 1995, 1996) and fl oodplain tree commu-
nities in Manu (Terborgh et   al. 1996). When these datasets 
and those described in Pitman et   al. (2001) are added to the 
list, the number of Amazonian woody plant communities 
in which oligarchies have been described to date totals 22. 

 At least 10 other publications have documented oligar-
chies in plant communities in several other regions of the 
tropics, including tree communities in Mexico (Williams 
et   al. 2010), Belize (Brewer and Webb 2002), Costa Rica 
(Norden et   al. 2009), Panama (Svenning et   al. 2004), 
lowland Borneo (Paoli et   al. 2006), Fiji (Keppel et   al. 
2011), Uganda (Eilu et   al. 2004), and the Democratic 
Republic of Congo (Jabot and Chave 2011); understory 
herbs in Panama (Svenning et   al. 2004); and woody plants 
in the Brazilian cerrado (Bridgewater et   al. 2004) and 
in Brazilian coastal vegetation (Martins Montezuma and 
Dunn de Araujo 2007). A small number of studies have 
even cited Pitman et   al. (2001) in reporting oligarchic pat-
terns in animal and fungal communities, including birds 
at Yasun í  (Blake 2007, Blake and Loiselle 2009), tropical 
herbivorous invertebrates (Novotny and Weiblen 2005, 
Novotny et   al. 2007), tubeworm-associated marine inver-
tebrate communities (Tsurumi and Tunnicliff e 2003), ecto-
mycorrhizal fungi (Dickie and Reich 2005), and fossil plant 
communities (Jardine et   al. 2012). 

 We suspect that over the last decade hundreds of other 
papers that we did not consult in this study have described 
the dominance of large areas by small suites of frequent 
and locally common species of plants and animals. Indeed, 
such oligarchies are such a common feature of temperate 
regions that when they are mentioned at all in research 
papers they typically appear in the methods section, as part 
of the study site description, rather than in the results 
section. For example, Gilbert and Lechowicz (2004) describe 
their study site in a Canadian old growth forest by noting 
that ‘  this rugged hill complex is considered one habitat 
type at a landscape scale;  Acer saccharum ,  Fagus grandifolia , 
and  Quercus rubra  comprise 74% of the forest tree cover ’ . 
Th ey go on to note that these three species represent  ∼  15% 
of the tree fl ora at the site.   

 Studies critical of hypothesis 1 
 We found no studies that searched Amazonian plant com-
munities for the oligarchies described in Pitman et   al. (2001) 
and failed to discover them. Indeed, just two of the 200 papers 
that cited Pitman et   al. (2001) searched for and failed to 
fi nd oligarchies: one on orchids in Andean Peru (Luke et   al. 
2010) and one on Indo-Pacifi c corals (Dornelas et   al. 2006). 

 At least six studies we reviewed were critical of the oligar-
chy hypothesis, however, and some of these claimed to refute 
it. In this section we argue that all of these studies represent 
invalid tests of the hypothesis, for one of three reasons: 
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1) because they are based on datasets that are clearly incapa-
ble of detecting oligarchies; 2) because they are based on 
datasets that cover much greater environmental heterogene-
ity than intended by the hypothesis; or 3) because they reject 
the oligarchy hypothesis based on tests of hypotheses not 
put forward by Pitman et   al. (2001). 

 Th e fi rst category of studies failed to fi nd oligarchies 
because they were based on datasets in which oligarchies 
cannot be detected. For example, Tuomisto et   al. (2003b) 
claimed to refute the oligarchy hypothesis using a large 
dataset from Amazonian Peru, but that dataset included 
no information on species abundances. As our hypothesis 
directly concerns the relationship between species frequency 
and abundance, it cannot be tested with frequency data 
alone. Zent and Zent (2004) found no oligarchy in the tree 
community they studied in southern Venezuela, but based 
this conclusion on just four 1-ha plots. As noted in Pitman 
et   al. (2001), oligarchies are often impossible to detect with 
a small number of plots; this is why early tree inventories 
typically did not fi nd them. 

 Th e second category of studies failed to fi nd oligarchies 
because they looked for them in inventory networks that 
span extreme environmental heterogeneity (Tuomisto et   al. 
2003a, Toledo et   al. 2011, 2012). For example, Toledo et   al. 
(2011, 2012) found no oligarchy and a weak abundance –
 occupancy relationship in 220 plots in lowland Bolivia. 
Although they interpreted this as contra Pitman et   al. (2001), 
their result is in fact predicted by the oligarchy hypothesis, 
since their 220 plots are distributed across all of Amazonian 
Bolivia (an area 16 times the size of our study sites), sample 
markedly diff erent soil types, and span a steep rainfall 
gradient. Pitman et   al. (2001) predicted that multiple oli-
garchies should be present under such conditions, with 
individual oligarchies restricted to patches of relatively 
homogeneous conditions. Had Toledo et   al. (2011) looked 
for oligarchies within the fi ve fl oristic regions they identifi ed 
in that paper, rather than looking for a single oligarchy cov-
ering all of Amazonian Bolivia, we predict that they would 
have found them. Indeed, it seems likely that the 100 
 ‘ indicator species ’  that the authors identifi ed for those fi ve 
fl oristic regions form the backbone of oligarchies there. 

 For similar reasons we are unsurprised by Tuomisto et   al. ’ s 
(2003a) failure to detect an oligarchy in a dataset that 
included both upland and swamp sites ranging from 
Colombia to southern Peru, and R é jou-M é chain et   al. ’ s 
(2008) failure to detect an oligarchy in a plot network in 
the Central African Republic that sampled ten major soil 
types, half of which were fl ooded. As Honorio Coronado 
et   al. (2009) and Guevara Andino (2006) have shown for 
northern Peru and eastern Ecuador, respectively, pronounced 
fl oristic heterogeneity at the largest spatial scales is fully 
compatible with oligarchies that dominate small to interme-
diate scales. In this context, it is worth noting that all of the 
studies that supported the oligarchy hypothesis (see previous 
section) were carried out at small to intermediate scales. 

 Th e third category of studies critical of Pitman et   al. 
(2001) is based on a misreading of the oligarchy hypothesis 
(Tuomisto et   al. 2003a, b). Th e two papers in this category 
tested the proposition that plant community composition 
and structure are essentially uniform across western 
Amazonia, an idea which they incorrectly attributed to 

Pitman et   al. (2001). Th ey named this the  ‘ uniformity 
hypothesis ’   –  the idea that  ‘ fl oristic similarity among sites 
should be uniformly high ’  (Tuomisto et   al. 2003a: 241). 
We fi nd very little in common between that hypothesis 
and the hypothesis laid out in Pitman et   al. (2001), as quoted 
above. Indeed, the idea that plant communities are uniform 
across western Amazonia  –  a vast region with very diverse 
soils, climate, and history  –  runs contrary to such a large 
body of empirical evidence, including that described in 
Pitman et   al. (2001), that in our opinion it does not merit 
testing, either on its own or as a null model. 

 Tuomisto et   al. (2003a) tested the uniformity hypothesis 
using data on ferns and melastome shrubs and trees collected 
at 163 sites in Amazonian Colombia, Peru, and Ecuador. 
Th eir data rejected the idea, and rightly so. Pitman et   al. 
(2001) rejected the same idea, calling explicit attention to 
the diff erences in tree community composition between 
the two sites we studied and two other western Amazonian 
sites where large-scale tree inventories had been carried 
out: Iquitos (Peru) and Caquet á  (Colombia). Tuomisto 
et   al. ’ s (2003a) dataset included sites from all four of these 
regions. Th eir fi nding that the vegetation at these sites is 
not uniform thus refutes an idea that we ourselves rejected 
in Pitman et   al. (2001) and refl ects well-documented pat-
terns in Amazonian phytogeography (Gentry and Ortiz 
1993). For this reason and the reason described in the previ-
ous paragraph, the study does not constitute a valid test of 
the oligarchy hypothesis. 

 Tuomisto et   al. (2003b) also tested the uniformity 
hypothesis at the landscape scale, with data on ferns and 
Melastomataceae collected along a 43-km transect in 
northern Peru. Th e prediction they derived from the unifor-
mity hypothesis was that no variation in community compo-
sition would be found along the transect. Th ey documented 
variation and rejected the hypothesis. As with Tuomisto et   al. 
(2003a), this result refl ects a well-known pattern, given that 
variation in community composition over space appears to 
be a universal feature in tropical vegetation, and was reported 
by Pitman et   al. (2001) to be strong even within the plots 
constituting the Yasun í  and Manu oligarchies. Th is study, 
too, should not be considered a valid test of the oligarchy 
hypothesis.   

 Other studies regarding hypothesis 1 
 Four papers presented tree community data in such a 
way that it was diffi  cult for us to determine whether they 
supported the oligarchy hypothesis or not (Fashing and 
Gathua 2004, Kunz et   al. 2010, Nesheim et   al. 2010, Lozada 
et   al. 2011).   

 Further thoughts on hypothesis 1: roots of the hypothesis 
 It is unsurprising that a large number of studies have cor-
roborated the oligarchy hypothesis, because it is closely rela-
ted to one of the best-documented patterns in ecology: the 
abundance – occupancy relationship (reviewed by Gaston 
[1996], Gaston et   al. [2000]). Th at relationship refers to the 
observation that when biological communities are sampled 
via spatially scattered inventories, a species ’  mean abundance 
in the network tends to be positively correlated with 
the number of inventory sites at which it is recorded. A 
large number of studies to date have described the pattern at 
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homogeneous ’  patches of the Amazonian uplands. We do 
not even have a name for such features. Multifactorial green-
house experiments, intensive fi eld inventories of soils and 
vegetation (Baribault et   al. 2012), fi eld transplant experi-
ments across obvious fl oristic boundaries (Fine et   al. 2006), 
and developments in remote sensing (Asner and Martin 
2009) may off er the best opportunities for progress on these 
questions.   

 Testing the oligarchy hypothesis (hypothesis 1) 
 Testing the proposition that  ‘ a small proportion of taxa 
will be found to occur with high frequency and at high 
local abundances across the landscape ’  (Pitman et   al. 2001: 
2111) is a straightforward exercise for any network of 
vegetation plots. It requires determining which species 
qualify as common (i.e. occur at overall frequencies of    
�    1 ind. ha  � 1 ) and which qualify as frequent (i.e. occur in 
most plots), and then calculating the proportion of all trees 
in the network that belong to species that qualify as both. 
Rather than establishing some arbitrary proportion of stems 
above which an oligarchy is said to be present and below 
which it is said to be absent, it is probably more useful to 
recognize that oligarchies can vary in strength along a gradi-
ent, at one end of which they may be absent (or very weak) 
and account for a very low proportion of stems, and at the 
other end of which they are strong and account for a major-
ity of stems. Because this fl exibility makes it diffi  cult to 
refute hypothesis 1, however, we fi nd it useful to update 
hypothesis 1 to predict that Amazonian tree communities 
are dominated by oligarchies that occupy a majority of stems 
(as in Yasun í  and Manu) on the landscape where they occur. 

 Th e fi rst caveat to this prediction is that a low proportion 
of stems accounted for by the common and frequent species 
in a plot network should not necessarily be taken to indicate 
a weak oligarchy, or a lack of an oligarchy, since it could 
also signal the presence of more than one oligarchy in the 
dataset. As noted above, oligarchies are assumed to be stron-
gest in regions of similar environmental conditions. If a plot 
network spans environmentally heterogeneous conditions 
(e.g. if it includes some plots on very sandy soils and other 
plots on very clayey soils), then separate oligarchies may 
be present within tree communities growing on the indi-
vidual soil types but not present in the combined dataset. 
Given that testing for oligarchies in various subsets of a large 
plot network will be computationally laborious, and that 
the environmental heterogeneity underlying tree species 
distributions may not be immediately obvious in a network, 
it would be useful to develop an automated method that is 
capable of testing for oligarchies among all possible subsets 
of a network and identifying the groups of plots with the 
highest oligarchic scores. It is also a high priority to clarify 
the relationship between oligarchic patterns and the output 
of multivariate analyses of vegetation data. With regard to 
this second issue, we limit ourselves to two observations. 
First, multivariate evidence of signifi cant variation in com-
munity composition and structure between the plots in a 
network is not incompatible with the occurrence of strong 
oligarchies there (Fig. 1; Duivenvoorden 1996, Svenning 
et   al. 2004). Second, plot-to-plot variation in species com-
position and abundance at all scales is common even in 
temperate forest tree communities that are dominated by 

various spatial scales, with a broad range of plant and animal 
taxa, and in diff erent regions of the world. In a review, 
Gaston (1996) concluded that 80% of such studies showed 
a positive relationship. 

 Appreciating the link between the oligarchy hypothesis 
and the abundance – occupancy relationship is valuable 
because the latter off ers a well-studied framework for think-
ing about the empirical patterns described in Pitman 
et   al. (2001) and the mechanisms underlying them. For 
example, it seems clear that the abundance – occupancy rela-
tionship, and by extension the existence of oligarchies in 
tropical forests, is not an artifact of sampling or phylogenetic 
non-independence (Gaston et   al. 2000). 

 Th e oligarchy hypothesis is more than just the abundance –
 occupancy relationship applied to Amazonian trees, how-
ever. Crucially, it predicts that such a relationship will be 
found within patches of relatively homogeneous environ-
mental (especially soil) conditions. In this context it is 
important to recall that tree species at Yasun í  and Manu 
only show an abundance – occupancy relationship within 
their respective plot networks (Yasun í : p    �    0.0001, R 2     �    
0.53; Manu: p    �    0.0001, R 2     �    0.53); there is no correlation 
between their abundance in a plot network and occupancy 
at the largest scale, as measured by the size of their geo-
graphic ranges (Pitman et   al. 2001; see also Kristiansen et   al. 
2009). Th e pattern at our western Amazonian sites is thus 
similar to that described for the British fl ora by Th ompson 
et   al. (1998, 1999), who reported strong abundance – 
occupancy relationships for plant communities within 
seven habitats but no such relationships at larger scales, when 
data from diff erent habitats were combined. Th ompson 
et   al. (1998) argued that this pattern  –  strong abundance 
occupancy relationships within habitat types and weak or 
absent relationships at larger spatial scales  –  is common in 
the plant ecology literature. 

 Th is brings us to an important point regarding tests of 
the oligarchy hypothesis. Although a large number of 
studies have succeeded in documenting strong oligarchic fea-
tures in Amazonian woody plant communities, no study has 
examined Pitman et   al. ’ s (2001) proposition that regional-
scale oligarchies are the result of regional-scale patches of 
relatively homogeneous environmental conditions. On the 
one hand, that argument has indirect support from the hun-
dreds of studies that have demonstrated the infl uence that 
spatial heterogeneity in environmental factors has on tree 
species distributions in the Amazon, since if spatially hetero-
geneous environmental conditions generate spatially hetero-
geneous tree distributions, then similar environmental 
conditions should lead to rather similar tree communities 
in an area. On the other hand, it is unsettling to note how 
often hypothesis 1 refers to  ‘ large patches of relatively 
homogeneous environmental conditions ’  at a time when eco-
logists remain unable to determine, even for the best-studied 
tropical forests, which combinations of what ranges of which 
environmental parameters constitute  ‘ relatively homo-
geneous environmental conditions ’  for an Amazonian tree 
species. And if it was relatively easy for Th ompson et   al. 
(1998) to distinguish between the habitats in which com-
ponents of the British fl ora form oligarchies (e.g. pastures 
on limestone, pastures on acidic substrata, woodlands on 
limestone), few comparable classifi cations exist for  ‘ relatively 
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 ‘ Th ese comparisons suggest that the particular suite of com-
mon species we observe in eastern Ecuador and southeastern 
Peru may only be characteristic of a narrow crescent of 
forests at the eastern base of the Andes. More generally, the 
pattern may be that upper Amazonian forests change 
much more rapidly along an east – west axis than along a 
north – south axis (Ducke and Black 1953). If true, this is 
probably due to the gross similarity of edaphic and climatic 
conditions obtaining up and down the Andean piedmont, 
relative to the diff erences that accumulate as one moves east-
ward (Terborgh and Andresen 1998, Pitman et   al. 1999) ’ . 
(Pitman et   al. 2001: 2111.) 

 Th ere are three diff erent predictions in this paragraph, 
which we distinguish here as follows. H2.1 predicts that 
other forests close to the base of the Andes should be domi-
nated by many of the same species that are oligarchs at 
our Ecuadorean and Peruvian sites. H2.2 predicts that 
Amazonian forests farther away from the base of the Andes 
should not be dominated by these oligarchs. H2.3 predicts 
that forest composition should vary more rapidly moving 
east from the base of the Andes than it does moving north 
or south along the base of the Andes. 

 Each of these predictions is testable by comparing tree 
community composition at sites close to and far from 
the base of the Andes. To make the tests more rigorous, we 
hereby defi ne sites  ‘ at the eastern base of the Andes ’  as any 
lowland site there that is at or above the minimum elevation 

very strong oligarchies (see, for example, Fig. 4A in Nekola 
and White 1999). 

 A second caveat is with regard to the diff erent types 
of woody plant communities in the Amazon. While our 
original prediction focused on trees    �    10 cm dbh, subse-
quent tests by other researchers have shown similar patterns 
for lianas, shrubs, and treelets (see below). It thus seems 
reasonable to extend the prediction to those groups. Since 
sampling non-tree woody plant communities typically 
requires methods that are diff erent from the ones we used, 
however, tests for oligarchies in these groups should take 
into consideration the methods used by Burnham (2002, 
2004) for lianas and by Mac í a and Svenning (2005) and 
Mac í a (2011) for woody plants    �    2.5 cm dbh.    

 Hypothesis 2  

 Original prediction 
 Pitman et   al. (2001) reported that 42 tree species belonged 
to both the Peruvian and Ecuadorean oligarchies, and that 
for all tree species that occurred at both sites density in 
Ecuador was signifi cantly correlated with density in Peru. 
We interpreted these results as evidence that the tree 
species that are common at those two sites probably possess 
combinations of traits that also allow them to grow com-
monly at other lowland sites near the base of the Andes: 

  Figure 1.      Th e fi rst two axes of a non-metric multidimensional scaling (NMDS) ordination of tree species abundances (Bray – Curtis index) 
in the 15 1-ha upland (U) tree plots in Ecuador described by Pitman et   al. (2001), and in 5 fl oodplain (F) and 5 swamp (S) 1-ha 
plots established at the same site. Two of the swamp plots were lumped as one sample because they are contiguous. Note that tree com-
munities in all three habitats are independently characterized by very strong oligarchies, as follows: 15.2% of upland species account for 
63.0% of all upland stems, 17.2% of fl oodplain species account for 55.2% of all fl oodplain stems, and 12.3% of swamp species account 
for 59.0% of all swamp stems.  
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farther to the east (mean    �    24.9%, range    �    5.4 – 49.0%). A 
few kilometers east of the easternmost plot in that study, 
however, Barreto Silva et   al. (2010) have reported that many 
of the Yasun í  oligarchs return to dominance again, on 
an island of rich upland soils associated with the Pebas 
Formation in and around Amacayacu National Park, 
Colombia. Th at island is relatively small, which suggests that 
this, too, may be the exception that proves the rule.   

 Tests of hypothesis 2.3 
 Th e paucity of tree inventories near the base of the Andes 
precludes a rigorous test of this idea. In the meantime, recent 
research has made it clear that geographic patterns of 
tree composition turnover in the Amazon are much more 
complicated than our simplistic hypothesis suggests. For 
example, large-scale fl oristic discontinuities identifi ed to 
date in western Amazonia seem to run both north-south 
(Pitman et   al. 2008, Higgins et   al. 2011) and east-west 
(Higgins et   al. 2011). Likewise, neither of the two primary 
trans-Amazonian gradients of genus-level tree composition 
identifi ed by ter Steege et   al. (2006) were strictly orthogonal 
to the Andean range. Nonetheless, given that hypothesis 
2.3 will tend to be supported if hypotheses 2.1 and 2.2 are 
supported, we stand behind this prediction as well.    

 Hypothesis 3 

 Pitman et   al. (2001) presented several hypotheses to explain 
why members of the oligarchies at our sites are common: 
 ‘ Th us the species and families dominating tropical forests 
at large scales should tend to combine high reproductive 
investment and success, long-distance dispersal abilities, and 
a tolerance of a broad range of environmental conditions. 
Perhaps most importantly, a species ’  abundance at local 
and large scales may be a simple function of its ability to 
recruit in close proximity with conspecifi c adults (Janzen 
1970, Connell 1971) ’ . (Pitman et   al. 2001: 2112.) 

 Th ere are several predictions here, none of which are 
original to Pitman et   al. (2001). Few have been tested rigor-
ously in the context of Amazonian tree communities. In lieu 
of the in-depth discussion that these complex ideas merit, we 
limit ourselves to three observations. 

 First, we believe that tests to date of the idea that 
common Amazonian plant species tolerate a broader range 
of environmental conditions than rare ones (the niche 
breadth hypothesis of Brown [1984, 1995]) have not 
been suffi  ciently rigorous to reject the idea. Most research-
ers have found that common Amazonian species tolerate 
no broader edaphic or topographic variation than rare 
species (Phillips et   al. 2003, Tuomisto et   al. 2003a, Kinupp 
and Magnusson 2005; see Jones et   al. 2008 for similar 
results from Costa Rica, and Davidar et   al. 2008 for a con-
trasting result from the Old World). Th ese studies rely 
on at least three untenable assumptions, however: 1) that 
edaphic or topographic variables alone are an adequate 
proxy of environmental conditions, while dozens of 
other environmental factors (e.g. diseases, once-in-a-decade 
droughts, mycorrhizae, repeated stem breakage) are unim-
portant; 2) that all species are common for the same reason; 
and 3) that common species should tolerate a broader 

of the Yasun í  and Manu plots (250 m) but below the most 
common upper limit for lowland forests (500 m).   

 Tests of hypothesis 2.1 
 Too few tree plots have been established near the base of the 
Andes away from Yasun í  and Manu to allow for a rigorous 
test of this hypothesis. While some published studies 
appear to support the idea (Mac í a and Svenning [2005] and 
Mac í a [2008] for western Bolivia, Pitman et   al. [2003, 
2011] for southern Peru), it is clear that a few sites in the 
eastern foothills of the Andes have radically distinct vegeta-
tion in which the Manu or Yasun í  oligarchs are consistently 
rare or absent. One such case is the Huallaga River valley 
near Tarapoto, Peru (6 – 7 ° S), which receives 1000 – 1500 mm 
of rain annually and is dominated by seasonally dry forest 
(Garc í a Villacorta 2009). Likewise, some forests at the east-
ern base of the Andes grow on soils that are much sandier 
and much poorer in nutrients than those at Manu and 
Yasun í , and harbor tree communities that appear more 
typical of low-fertility sites near Iquitos. One example is 
a tree plot established at Cabeza de Mono, Pasco, Peru 
(10 ° S; Phillips and Miller 2004, Pitman unpubl.). Another 
comes from tree plots established on white-sand soils near 
the base of the Cordillera del C ó ndor in southern Ecuador 
(J. Guevara Andino pers. comm.). Soil and climate maps 
of western Amazonia, however, suggest that all of these 
cases are exceptions to the general rule of relatively wet and 
fertile conditions near the base of the Andes (Sombroek 
2000). Indeed, most of these plots were established precisely 
in order to study tree communities growing in atypical 
conditions. We stand behind our prediction that the Yasun í  
and Manu oligarchs should dominate most lowland tree 
communities near the base of the Andes. Note that this is 
not equivalent to saying that a single oligarchy dominates 
the region. Instead, we expect that most oligarchies in 
the region will be subsets of the 254 oligarchic species 
observed in Yasun í  and Manu (listed in Supplementary 
material Appendix 1). In other words, we expect that most 
species composing the oligarchy at a given lowland site near 
the base of the Andes will be present in Supplementary 
material Appendix 1, but that not all species in Supple-
mentary material Appendix 1 will be oligarchs there.   

 Tests of hypothesis 2.2 
 Th is hypothesis  –  that western Amazonian forests far from 
the base of the Andes will not typically be dominated by the 
Yasun í  and Manu oligarchs  –  was based on Pitman et   al. ’ s 
(2001) observation that the species that dominated our two 
study sites tended to be rare or absent in lists from well-
inventoried sites farther from the Andes, most notably 
Caquet á , Colombia, and Iquitos, Peru (with the exception of 
palms; Vormisto et   al. 2004). 

 New evidence appears to strengthen this idea (Gr á ndez 
et   al. 2001, Duque et   al. 2002, Pitman et   al. 2008, Honorio 
Coronado et   al. 2009). Studying a series of 54 1-ha 
plots stretching eastwards 700 km from the base of the 
Ecuadorean Andes to the Peru – Brazil border near Iquitos, 
Pitman et   al. (2008) reported that the Yasun í  oligarchs 
accounted for a majority of stems in all 20 plots between the 
base of the Andes and Yasun í  National Park (mean    �    60.0%, 
range    �    50.8 – 67.6%) but a minority of stems in all 34 plots 
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in Amazonian woody plant communities. Support for the 
other hypotheses in Pitman et   al. (2001) appears weak, but 
this is largely the result of the few tests to date. Given the 
strength of this support, we were surprised to fi nd that 
many of the papers we reviewed treated the oligarchy hypo-
thesis as controversial, and that many researchers placed the 
hypothesis on one side of a dichotomous debate between 
two contrasting ideas. Two such debates have been especially 
common in the literature over the last ten years. 

 First, a number of researchers have interpreted the oli-
garchy hypothesis to stand in direct opposition to the 
consensus view in ecology that species distributions are 
controlled by niches and environmental factors (Tuomisto 
et   al. 2003a, b, Legendre et   al. 2005, Tuomisto and 
Ruokolainen 2006). As we understand it, this interpretation 
derives from a misreading of the hypothesis, as discussed 
above, and the misguided idea that oligarchies are gener-
ated by biological interactions independent of environ-
mental conditions (Legendre et   al. 2005, Tuomisto and 
Ruokolainen 2006). As explained above and in Pitman 
et   al. (2001), we believe that oligarchies are generated by 
the same niche-and-environment mechanisms that gener-
ate spatial heterogeneity in tree species composition and 
abundance. Given that strong oligarchies and signifi cant 
environmental heterogeneity are both present in temperate 
tree communities, we have always considered the two 
pheno mena to be two sides of the same niche-based coin. 

 Th e second debate centers around the more practical 
question of whether signifi cant portions of the Amazon 
basin are dominated by large and relatively homogeneous 
patches of forest, as predicted by Pitman et   al. (2001), or 
whether the basin is more accurately envisioned as a fi ne-
scale mosaic of small, highly heterogeneous patches of forest 
(Tuomisto et   al. 1995, 2003b). Here, too, we believe that 
these apparently contrasting visions are more easily recon-
ciled than the literature to date would suggest. 

 Our primary argument for reconciliation comes from a 
seminal study by Tuomisto et   al. (1995), in which the authors 
analyzed 29 Landsat images covering nearly all of the 
Peruvian Amazon. Th e analyses involved randomly placing 
a number of 30-km transects on each satellite image, for a 
total of 448 transects, and then visually surveying the 
image along each transect in search of changes in color or 
shade. Defi ning  ‘ biotopes ’  as  ‘ units that seem reasonably uni-
form at the scale of observation without implying that they 
are homogeneous at more detailed scales ’  (Tuomisto et   al. 
1995: 63), the authors recorded how often a transect crossed 
a visually obvious transition from one biotope to another, 
and measured the lengths of the resulting transect segments. 
Th is exercise would appear to provide a preliminary indica-
tion of how common large biotopes, or areas of relatively 
homogeneous environmental conditions such as those 
predicted by Pitman et   al. (2001), are across a vast area of 
western Amazonia. 

 To answer that question, Tuomisto et   al. (1995) exam-
ined a frequency distribution of size classes of the segments 
identifi ed in the transect analysis. Th e result, shown in 
Fig. 3E of their paper (Tuomisto et   al. 1995: 65), indicates 
that the most frequent length of transect segments was
2 – 5 km. Average segment length was 4.6 km, and just 8 of 
the 448 transects sampled (1.8% of the total) traversed a 

range of environmental conditions in an absolute sense 
(i.e. the entire gradient), rather than a broader range of the 
environmental conditions that prevail on the landscape 
where the species is common (i.e. the portion of the gradi-
ent that is locally common). Removing these assumptions 
makes it clear that the niche breadth hypothesis cannot 
be falsifi ed by fi nding no relationship between the abun-
dance of a species and its tolerance of a single environmen-
tal factor. On the other hand, the idea that one would have 
to examine a very large number of parameters in order 
to refute this hypothesis adds to the sensation that it may 
be very diffi  cult to test. 

 Second, the idea that some species are oligarchs in part 
because they are able to recruit close to conspecifi c adults 
has received support at our Peruvian site (Terborgh et   al. 
2002, Terborgh 2012) and elsewhere (Comita et   al. 2010, 
Mangan et   al. 2010). In this context, it is worth recalling 
that the vast majority of off spring of a given tree species 
that encounter a site with favorable abiotic conditions are 
quickly killed there by fungal or invertebrate pests because 
the site is close to an adult conspecifi c that hosts those pests 
(Swamy and Terborgh 2010,  Á lvarez-Loayza and Terborgh 
2011). Th is adds another level of complexity to the hypo-
theses at hand, because it suggests that a prolifi c, well-
dispersed tree species that can tolerate a broad range of 
abiotic conditions will only be common in a given land-
scape if it is also capable of recruiting close to conspecifi c 
adults. More research on the specifi c mechanisms that drive 
Janzen – Connell dynamics in common and rare Amazonian 
species is urgently needed. 

 Finally, the spatial distribution of Yasun í  and Manu 
oligarchs on the landscape makes it clear that oligarchic 
species are common for a variety of diff erent reasons. Some 
upland oligarchs are restricted to the uplands, while others 
also dominate swamps (Pitman et   al. unpubl.). Individuals 
of some oligarchs form dense clumps, while others are 
evenly dispersed (Valencia et   al. 2004). Some Yasun í  and 
Manu oligarchs are common elsewhere in South America, 
while others are not. Th us, although we envision these oli-
garchies as occupying patches of relatively homogeneous 
environmental conditions, we do not envision oligarchs as 
an ecologically monolithic suite of species that are common 
within those patches for the same reasons. 

 Likewise, it is important to emphasize that we do not 
know which factors within an oligarchic patch lead to a 
relatively stable suite of common species there, and which 
factors determine the boundaries between patches. As noted 
in Pitman et   al. (2001), we suspect that these factors are 
often edaphic. Th is idea is based on the proposition that a 
shift from one broad soil type to another (i.e. between two 
diff erent patches) should modify some of the elements that 
we believe determine whether a given species is an oligarch: 
fruit production, seed dispersal, commonness of suitable 
sites, and the strength of Janzen – Connell enemies (but see 
Lamarre et   al. 2012).    

 Discussion 

 Th e literature published over the last ten years provides over-
whelming support for the existence of large-scale oligarchies 



121

dominated by large biotopes. Indeed, biotopes with a diam-
eter of 10 – 30 km and thus an area of 79 – 707 km 2  accounted 
for a majority of the landscape (67.4%; Fig. 2). 

 Our interpretation is further strengthened by the obser-
vation that Tuomisto et   al. ’ s (1995) sampling method is 
biased towards fi nding small segments. One bias derives 
from the fact that artifactual short segments will often 
be recorded at the ends of a randomly placed 30-km 
transect simply because the transect comes to an end, and 
not because the biotopes those portions of the transect 
traverse are small. For example, if 27 km of a 30-km transect 
traverses one large biotope, the remaining 3 km of the 
transect will be placed in the 2 – 5 km size class even if those 
3 km also traverse a large biotope. Another bias comes from 
the observation that upland forests at our study sites in Manu 
and Yasun í  are bisected by multiple rivers and the non-
upland forest types along them. A 30-km transect that 
crossed from the uplands on one side of a river to the uplands 
on the other side of the river would score the two uplands as 
relatively short segments, when in fact our tree plot data 
suggest that these upland forests belong to a single, large 
biotope. 

 Th e sampling method thus commonly classifi es large 
biotopes as small ones but never classifi es small biotopes as 
large ones, leading to a common and consistent bias towards 
underestimating the size of biotopes. Correcting for this bias 
will tend to shift the frequency distribution of areas in Fig. 2 
(the darker gray columns) to the right, such that an even 
larger proportion of the landscape is covered by the largest 
biotopes. 

 Unlike the fi rst debate described in this introduction 
(niches vs uniformity), which we regard as unnecessary, we 
believe that this second debate (mostly large patches vs 
mostly small patches) is a valuable one that merits more 
attention from Amazonian biologists. While most of the oli-
garchies identifi ed to date have occurred in areas on the order 
of 10 000 km 2 , we still have no clear idea of how large the 
largest Amazonian oligarchies are, and what happens at the 
boundaries between diff erent oligarchic patches. Given that 
many systems of mapping temperate forests are based on oli-
garchies, answering these and other questions about 
Amazonian oligarchies should represent an important step 
towards developing high-quality maps of Amazonian forests.         
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