14

Gradients of Plant Diversity: Local Patterns and
Processes

Michael Kessler, Jon-Arvid Grytnes, Stephan R.P. Halloy, Jlirgen
Kluge, Thorsten Kromer, Blanca Leon, Manuel J. Macia, and
Kenneth R. Young

Patterns of plant diversity can be studied at different spatial scales, which, for convenience,
can be divided into two overlapping categories (Srivastava 1999, Magurran 2004): Regional
diversity (also known as gamma diversity) concerns the number of species in large
geographical regions such as countries or biomes and is explored in Jorgensen et al., Chapter
13, this volume. Local richness (also known as alpha diversity) refers to the number of
species co-occurring in areas of limited size, typically <1 ha. Studies of plant diversity at
these two scales are subject to different methodological constraints and reveal different
ecological aspects shaping plant diversity. Both methodologies have their special
characteristics: regional species lists are typically incomplete, especially in tropical regions,
whereas local surveys tend to be much more complete. On the other hand, local inventories
only cover a minute portion of the land surface and are often conducted with different
sampling methods, making it difficult to compare results across different studies. Also,
whereas at the local scale all recorded plant species actually co-occur and thus potentially
interact ecologically with each other through competition, facilitation, etc., at the regional
scale many species occur in geographically or ecologically remote sites without direct
interactions. However, because of the dispersal of individuals through populations,
interactions can also play out over large, environmentally heterogeneous regions rather than
only within local communities in relatively uniform habitats (Ricklefs 2004). Alpha and
gamma diversity are connected through the degree of change in composition from one plot to
another (beta diversity).

In the present chapter, we first briefly review patterns of local plant species richness
along three important geographical and ecological gradients (latitude, elevation, amount and
seasonality of precipitation). We do not specifically address other gradients such as energy
availability or soil fertility because relevant data are very sparse for the tropical Andes. Then,
we focus on the mechanisms and processes that determine and influence these patterns,
because an understanding of the underlying causes is relevant for predicting possible
responses of plant assemblages to climate change. Our focus is on natural habitats without
human or natural disturbance, but diversity is also influenced by the disturbance regime of
the sampled area.
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Patterns

Latitude

Latitude itself is not an ecological factor directly affecting plant diversity (Hawkins and
Diniz-Filho 2004). Rather, numerous ecological factors that vary with latitude may be
responsible for creating latitudinal diversity patterns. Latitudinal patterns of plant diversity in
the tropical Andes have mainly been studied at the regional scale (Jorgensen et al., Chapter
13, this volume). In contrast, there are very few specific studies using local plots to assess
latitudinal trends in plant diversity. In Ecuador, Sklenar and Ramsay (2001) used a consistent
sampling scheme to study plant diversity and community composition in paramos on
volcanoes spanning some four degrees of latitude, but the focus of this study was on the
effect of climate, geology, and topography, rather than latitude per se. Young and Ledn
(2007) showed that the diversity of trees and shrubs was an order of magnitude greater at a
tropical timberline site compared to subtropical and mid-latitude sites in the Andes.

Compilations from different studies show that the diversity of woody plants (trees and
lianas) increases with decreasing latitude in similar habitats and elevation, with marked
declines around the Tropics of Cancer and Capricorn (e.g., Gentry 1982, 1988, 1995, Phillips
and Miller 2002, Willig et al. 2003, Macia and Svenning 2005, Schnitzer 2005, Weiser et al.
2007). Whereas different Andean forests at a given elevation are similar in floristic
composition at the generic and family levels, species composition varies strongly between
sites. For epiphytes, local-scale inventories show that in the lowlands highest species
numbers are found in Colombia and Ecuador (Ibisch 1996, Nieder et al. 1999, Acebey and
Kromer 2001, Kromer and Gradstein 2003, Arévalo and Betancur 2004, Kreft et al. 2004,
Benavides et al. 2005, Kromer et al. 2005, Kromer et al. 2008). These trends are primarily
driven by decreasing numbers of Araceae and to a lesser degree of Orchidaceae away from
the equator. In contrast, epiphyte inventories from montane sites (Ibisch 1996, Kromer and
Gradstein 2003, Kromer et al. 2005) differ much less between countries, with, e.g., 196
species found on 10 canopy trees and its surroundings in Otonga, Ecuador (Nieder et al.
1999), versus 207 species found in 9 canopy tree plots in Mosetenes, Bolivia (Krémer et al.
2008). The diversity of ferns also remains roughly constant in humid montane forests at
similar elevations within the tropical regions from Costa Rica to central Bolivia, and only
drops noticeably further north and south as one reaches subtropical latitudes (Kessler 2001a,
Kluge et al. 2006, Kessler and Kluge unpubl. data).

Elevation

As with latitude, elevation as such does not directly influence plants (Korner 2000, 2007).
Rather, it is factors that are either directly related to elevation (e.g., air pressure, temperature)
or that have a more complex relationship with elevation (available surface area, precipitation,
etc.) that affect plants growing at different elevations.

Elevational patterns of local plant species richness have been studied much more
intensively than latitudinal ones. For trees and lianas diversity is constantly high from the
lowlands to about 1500 m, although a slight mid-elevation hump has also been found (La
Torre-Cuadros et al. 2007). Below 1500 m, Leguminosae are the most important tree family,
and Bignoniaceae and Leguminosae the most important for lianas (Gentry 1991, Macia et al.
2007, Macia 2008). Above this elevation, there is a linear decrease in species richness with
elevation, and the floristic composition is dominated by montane genera and families such as
Lauraceae, Melastomataceae, and Rubiaceae (Gentry 1995, Macia and Fuertes 2008). In the
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case of lianas, Asteraceae become predominant. Tree ferns are much more prevalent in mid-
elevation forests, at 1200—-1700 m (Gentry 1995). At the highest elevations, above 3000 m
and near the timberline, floristic composition again changes dramatically and Asteraceae
becomes one of the most important families together with Melastomataceae and Myrsinaceae,
although this family composition may change locally. Here, lianas become scarce (Young
1993). The highest montane forests (3000 to >5000 m) are patchy in distribution and consist
of monospecific stands of Polylepis spp. (Rosaceae) from Ecuador southwards, but they are
more diverse in Colombia with about 4-6 other tree species and few lianas.

Focusing on individual woody and herbaceous plant families, mid-level maxima of
elevational richness have been found in Bolivia for Acanthaceae, whereas Arecaceae and
Melastomataceae have roughly constant richness to about 1000 m, followed by strong
declines to high elevations (Kessler 2001b). Epiphytic plant species richness typically shows
a mid-elevation bulge that peaks at 1500-1700 m (Cleef et al. 1984, Wolf 1994, Muiioz and
Kiiper 2001, Kromer et al. 2005). Ferns also show such hump-shaped patterns, with
maximum richness values at 1700-1800 m (Kessler 2001a,b, Kessler et al. 2001), while
richness of Bromeliaceae peaks at 1000—-1900 m (Kessler 2001a, Kromer et al. 2005, 2006).
Araceae deviate from this general pattern in having highest local species counts in the
lowlands (Ibisch et al. 1996, Kessler and Croat 1999). The recorded upper elevational limit of
vascular plants increase from around 4800 m in Ecuador to 5400 m in southern Peru and
5800 m in Bolivia (Halloy 1989, Seimon et al. 2007).

Amount and Seasonality of Precipitation

Unlike the previous two factors, the availability of water, either through vertical (rain) or
horizontal (fog) precipitation, or from ground water, directly affects plant growth and
community composition. The tropical Andean region includes practically the entire range of
humidity conditions experienced by plants on the globe, ranging from the Atacama desert,
which has been practically rain-free for over 10 million years (Placzek et al. in press), to the
perhumid Choco6 region in Colombia, one of the world’s wettest areas with up to 15 m mean
annual precipitation (Galeano et al. 1998). Patterns of water availability often co-vary with
other ecological or geographical gradients, making it difficult to separate the influences of
different factors. Thus, the western Amazon basin experiences highest precipitation levels in
Ecuador and declining values both to the north and the south, although with local pockets of
high rainfall along the east Andean base (Killeen et al. 2007). Cloud condensation often
peaks at mid-elevation on tropical mountains, although cloud forests can also be found at low
elevations (Gradstein 2006). Although humidity shows some broad gradients, it is highly
heterogeneous at a much smaller scale; within kilometers or even hundreds of meters
conditions may vary from perhumid to semi-arid, and this is repeated throughout
mountainous terrains.

There have been few studies specifically designed to study the influence of water
availability on plant community diversity and composition in the tropical Andes. However,
all available information shows that overall plant diversity typically declines with decreasing
water availability, with the exception of a few drought-adapted families. In central Bolivia,
e.g., in three almost adjacent plots of 1 ha differing in water availability, overall plant
diversity declined from the wet to the dry site, although some specific plant families such as
Bromeliaceae and Cactaceae showed opposite patterns (Linares-Palomino et al. 2008, 2009).
Trees and lianas have a strong relationship with water availability, reflecting annual rainfall
and rainfall seasonality at all geographical scales (Gentry 1988, Clinebell et al. 1995,
Schnitzer 2005). The same pattern was also documented for palms throughout the Americas
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by Bjerholm et al. (2005), an example of a large-scale study that documents local scale
patterns. One of the most striking distributional patterns shown by epiphytes is a tremendous
decrease in both numbers of species and individuals in drier habitats. Already Schimper
(1888) considered air humidity to be the most important factor determining epiphytic plant
diversity, a suggestion followed by Gentry and Dodson (1987), Kessler (2001a), Kreft et al.
(2004), Kiiper et al. (2004), and Kromer et al. (2005), among many others.
Ecophysiologically, this relationship appears to be well founded, as water availability is of
critical importance to epiphytes (Benzing 1990, Zotz and Hietz 2001). One main difference
between lowland and montane forests is that regular dry periods, but also periodically
occurring events such as El Nifio, reduce the abundance and diversity of epiphytes in
Amazonian lowland forests. In contrast, in montane rain forests, the impact of dry periods is
mitigated by ‘horizontal precipitation’, which in cloud forests frequently contributes 20% or
more to total water input (Holscher et al. 2004, Thies et al. 2008). Local species richness of
ferns is also closely linked to water availability (Leon and Valencia 1989, Kessler 2001a).

Processes

Understanding the ecological processes determining these patterns will help us make
predictions with respect to the potential impacts of future environmental changes and for
predicting plant diversity in undersampled regions, which is important for identifying areas of
high conservation value. In addition, to give a better understanding of the most important
factors in the region, studies of diversity patterns in the tropical Andes with their steep
environmental gradients, have the potential to play an important role in understanding the
processes behind global diversity patterns.

Recently considered, partly interlinked explanations for richness patterns involve five
groups of processes and mechanisms (Grytnes and McCain 2007)(Table 14.1). As with the
surveys of patterns, an analysis of the processes and mechanisms influencing the patterns
must distinguish between regional and local scales. Direct ecological interactions such as
competition and facilitation take place at the local scale while regional patterns are more
likely to reflect historical, evolutionary, and biogeographical processes, although dispersal
may link these scales and their processes (Ricklefs 2004). Several of the explanations, both at
the local and regional scales, involve climatic factors, which therefore allow direct inferences
to be made regarding possible effects of climate change. There is general agreement that
more than one of these factors plays a role and that their relative impact depends on the
spatial and temporal scale, as well as on the taxon under consideration, but it is still unclear
when and how any of these factors predominate (e.g., Cornell and Lawton 1992, Gaston and
Blackburn 2000, Ricklefs 2004, Shurin and Srivastava 2005). Contrasting patterns in the
tropical Andes may give valuable clues to a better understanding of this.

The influence of area on species richness is well-documented at all scales
(Rosenzweig 1995) and has been implicated in determining patterns of species richness
through a variety of mechanisms (e.g., Losos & Schluter 2000, Stropp et al. 2009; see Table
14.1). However, area alone can probably not fully explain patterns of species richness along
latitudinal and elevational gradients and typically only modifies the more basic patterns
determined by climatic and other factors (Rahbek 1995, McCain 2007, Romdal and Grytnes
2007). For example, the Altiplano region of the central Andes has a larger surface area than
the adjacent slopes but much lower plant diversity because of its low temperatures and
aridity. Thus, although area always has to be considered (or controlled for) when interpreting
patterns of species richness, it can rarely be considered to be the main cause. Population
processes such as dispersal limitation or source-sink effects have a potential to modify

207



Table 14.1. Summary of some important potential processes and mechanisms that may
determine or influence regional (reg) and local (loc) patterns of species richness. “+”

indicates the scale at which these may become relevant, a “-” indicates that this factor is
unlikely to be of major importance at a given scale.

Processes and Mechanisms Predicted scale of impact
reg loc
1. Area
key sources: Lomolino 2001
a Larger area — higher number of individuals — decreased extinction risks — larger + —
number of species ("Island Biogeography": MacArthur and Wilson 1967).
b Smaller area — lower number of individuals — faster genetic changes at population + —
level — faster evolution of new species (Losos and Schluter 2000).
¢ Larger area — higher number of habitats — larger number of species (Kallimanis et al. + +
2008).
d Larger species pool due to larger area (see above) — higher local richness ("Echo — +
effect": Rosenzweig and Ziv 1999).
e Larger sampling areas — larger number of species recorded (Gleason 1922, Rosenzweig + +
1995).

2. Climatic variables — energy — productivity
Key sources: Rohde 1992, Mittelbach et al. 2001, Rahbek and Graves 2001, Hawkins et al. 2003, Willig et al. 2003, Currie et al.
2004, Evans et al. 2005, Monkkonen et al. 2006, Laanisto et al. 2008

a More energy — higher productivity — larger number of individuals — larger number — +
of species ("Sampling Hypothesis": Srivastava and Lawton 1998, Kaspari et al. 2000).
b  More energy — higher productivity — larger number of individuals — decreased + +

extinction risks — larger number of species ("Population Size Hypothesis": Kaspari et al.
2000, Hurlbert 2004, Pautasso and Gaston 2005, 2006).

¢ More energy — higher productivity — larger number of rare resources — larger — +
number of niche position specialists ("Niche Position Hypothesis": Abrams 1995).

d More energy — higher productivity — reduced niche breadth by focusing on pre- — +
ferred resource types — increased co-existence ("Niche Breadth Hypothesis": Evans et al.
2005).

3. Historical and evolutionary processes
Key sources: Wiens and Donoghue 2004, Ricklefs 2005, Roy and Goldberg 2007, Jablonski et al. 2006

a  Under specific conditions, speciation rates may be higher, increasing species + —
richness ("Tropics as a Cradle Hypothesis": Cardillo 1999).

b Under specific conditions, extinction rates may be higher, reducing species richness + +
("Tropics as a Museum Hypothesis": Stebbins 1974).

¢ Phylogenetic lineages may be older in some areas than in others, thus providing + —

more time for diversification ("Out of the Tropics Hypothesis": Jablonski et al. 2006; "Niche
Conservatism Hypothesis": Wiens and Donoghue 2004).

4. Null models and neutral theories
Key sources: Gotelli and Graves 1996
a Variations in the dispersal ability of species, their population size, and the + +
immigration (resp. speciation) rate determine the composition and abundance
distribution of species ("Neutral Theory of Biodiversity and Biogeography": Hubbell 2001).
b Random placement of species with different species-specific geographical or + —
ecological amplitudes within a constrained geographical or ecological domain
leads to maximum richness in the middle of the domain ("Mid-Domain Effect": Colwell
and Hurtt 1994, Colwell et al. 2004).

5. Population dynamics

a Dispersal from suitable habitats to less suitable habitats can create non-self- — +
supporting sink populations, especially at locations surrounded by numerous
habitats such as mid-elevations on mountains ("Source-sink effects”: Shmida and Wilson
1985, Pulliam 1998, Kessler 2000, Grytnes et al. 2008a).

b Limitations in dispersal may limit the number of species that occur in an area or + +
site, despite potentially suitable conditions ("Dispersal Limitation": Tilman 1997, Turnbull
etal. 2000).
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patterns of species richness at the local scale (Grytnes et al. 2008a), but it is unclear how
strong their impact is (Kessler 2009). There are essentially no studies that allow a quantitative
evaluation of the importance of population processes on patterns of species richness. These
require population-level studies of reproduction and dispersal, and although such studies
require long-term efforts, they are indispensable and urgently needed.

In the study of the remaining factor complexes, null models are probably the most
debated (Clark 2008). Mid-domain effect (MDE) models have been shown to correlate
closely to diversity patterns especially along some elevational gradients (Kessler 2001b,
Colwell et al. 2004, McCain 2004), but the meaning and implications of these models is hotly
debated on theoretical grounds (Bokma and Mdnkkonen 2000, Colwell and Lees 2000, Jetz
and Rahbek 2001, Hawkins and Diniz-Filho 2002, Grytnes 2003, Colwell et al. 2004, Herzog
et al. 2005). In its most extreme form, the MDE model predicts that the diversity patterns
should primarily be dependent on the upper and lower boundary of the domain. This would
imply that all groups of organisms should show very similar patterns and that similar patterns
should be found when comparing different regions (e.g. the western and eastern slopes of the
Andes), which is clearly not the case, as exemplified by the wide range of elevational
richness patterns discussed above. However, the mid-domain effect may still be a modifying
factor (Grytnes et al. 2008b). Hubbel’s (2001) null model, which assumes that species are
ecologically equivalent, has commonly been found not to apply at regional scales and across
strong ecological gradients, where niche assembly models appear to be more adequate (e.g.,
Harms et al. 2001, Phillips et al. 2003, Tuomisto et al. 2003, Jones et al. 2006, 2007,
Ruokolainen et al. 2007). However, it may still be important for the maintenance of high
local diversity when the environment is homogenous (Hubbel 2001).

The remaining two factor complexes (climate/productivity and history/evolution) are
most likely to include the most important processes and mechanisms, and should probably
receive most research attention. One of the long-standing debates in biodiversity research is
to which degree local diversity is either limited by local resources (niche or energy
availability) in concert with species interactions (competition, herbivory, etc.) or by a limited
regional species pool (Terborgh and Faaborg 1980, Ricklefs 1987, 2004, Cornell and Karlson
1996, Herzog and Kessler 2006, Jiménez et al. 2009). In the latter case, more species could
co-occur at a given site but are simply not available within the historical and evolutionary
framework of that particular region.

Ecosystems with a high level of productivity are believed to exhibit high levels of
species richness, and there are several mechanisms suggested to be the link between these
two ecosystem properties. These mechanisms involve the number of individuals and levels of
niches and resources (see Table 14.1) and all predict a positive correlation between energy
input and species richness at a local scale. However, the most challenging aspect in
addressing the species-energy hypothesis is getting the appropriate measure for productivity
at the ecosystem level (Waide et al. 1999) and of the amount of energy that is used by a given
focal group (Gaston 2000, Chase and Leibold 2002). Important theoretical and empirical
advances have recently been made, at least with regard to trees, and important insights are to
be expected in the near future (Mittelbach et al. 2001, Hawkins et al. 2007).

The past few years have seen considerable effort directed at generating time-
referenced phylogenetic hypotheses that may allow an assessment of historical evolutionary
hypotheses (Antonelli 2008). However, only a tiny proportion of tropical Andean plants has
been included in these efforts, and for those groups for which data are available, their
interpretation is frequently limited by geographically or taxonomically incomplete sampling,
or by difficulties in obtaining reliable age estimates. For example, Linder (2008) proposed
that plant radiations may saturate (i.e., reach stable limits of species richness) after roughly
10 million years, and that young radiations are typical of young (Pliocene) environments
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whereas mature radiations are characteristic of regions that have been geologically and
climatically stable throughout the Neogene. He concluded that “the hyperdiverse Neotropical
flora is the result of both mature as well as recent and rapid radiations”. As intriguing as it is,
Linder’s (2008) study only included seven Neotropical examples. Clearly, additional efforts
have to be directed at generating a larger number of geographically and temporally explicit
phylogenetic hypotheses of tropical Andean plants. Further, analytical approaches have to be
refined to be able to distinguish between alternative hypotheses. For example, in a case study
of Neotropical frogs, Algar et al. (2009) conclude that the phylogenetic processes can only
determine which species occur in a given area, but not how many species, and that species
numbers may actually be determined by local ecological processes. Yet, for higher taxonomic
levels (families, genera), well-resolved phylogenetic hypotheses are available for many taxa
(http://www.tolweb.org/tree/ ; http://www.mobot.org/mobot/research/apweb/welcome.html)
and recent work has resulted in free open software that allows ecologists to make use of the
available phylogenetic information (http://www.phylodiversity.net/phylocom/). Clearly, the
time is ripe to link ecological and phylogenetic information.

Conclusions and Research Recommendations

The knowledge of local patterns of plant diversity in the tropical Andean region remains
fragmentary. Elevational patterns are documented best, while latitudinal and moisture
gradients have been neglected. To complicate matters, many studies have employed different
methods (plot size and shape, plant groups included), which makes it difficult to compare
data from different surveys and regions.

Despite these shortcomings, it appears to be possible to arrive at some rough,
preliminary generalizations on patterns of plant diversity. In the western Amazonian
lowlands, overall plant diversity appears to be highest around equatorial latitudes, declining
towards higher latitudes. In contrast, on the eastern Andean slope richness remains roughly
constant in the tropical regions south to about 18°S, and only then declines markedly. The
western Andean slope has high local diversity in Colombia and northern Ecuador which
declines strongly further south. Probably, floristic turnover from site to site remains high
throughout the tropical Andes, but specific studies of beta diversity along environmental
gradients are needed. Above the treeline, species richness exhibits complex latitudinal
patterns related to topography and its influence on moisture regimes. High species richness in
the equatorial paramos declines towards the north and south as humidity decreases. South of
around 10°S an east-west gradient also becomes dominant, with diverse cloud-grasslands to
the east and poorer semi-arid to arid altiplano in the center and west.

Along elevational gradients, overall plant diversity appears to show a hump-shaped
pattern with maximum richness at around 1000—-1500 m in humid regions (Rahbek 1995,
2005) and higher in arid ones (Lauer 1976). This pattern appears to be mostly driven by
terrestrial and epiphytic herbaceous taxa, whereas woody plants show a more gradual decline
of richness with elevation. Above treeline, release from arboreal competition may produce a
pronounced increase in species richness of herbaceous and shrub species, particularly in
tussock and shrub paramo. Finally, with the exception of a few specialized taxa, plant
diversity generally decreases with increasing aridity. Overall, these patterns thus closely
reflect the regional patterns outlined in Jorgensen et al., Chapter 13, this volume. However,
detailed comparisons of local and regional patterns have only been conducted for ferns along
elevational gradients, where they reveal minor but potentially important differences of
biological significance (Kessler et al. 2009).
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Despite the wide range of discussion about the processes that determine richness
patterns, the most promising approaches are certainly held by evolution/history at the
regional and climate/productivity at the local scale. Recent literature provides hypotheses to
test underlying mechanisms, but specific field studies are few, because fully resolved
phylogenetic trees of study groups are rarely available and because the development of a
consistent measure of productivity is a difficult task. However, comparing prevalent richness
patterns with surrogates of productivity may lead to rough conclusions about the processes
driving these patterns. For example, comparisons of the arid western and humid eastern
Andean slopes in Peru may help to unravel the impact of water availability on local plant
species richness. Because climatic factors directly influence levels of ecosystem productivity,
understanding the causal relationships between productivity and species richness will be
critical for predicting responses of plant assemblages to climate change (Colwell et al. 2008).

To meet the needs for documenting and monitoring levels of species richness, and to
predict responses to climate change, three main lines of activity are needed. First, additional
well-designed surveys aimed at testing hypotheses are necessary, ideally tackling those
ecological gradients that have been neglected to date. Second, networks of permanent plots
are needed to monitor future changes in plant community richness and composition to
determine the effects of climate change on plant communities. The GLORIA project
(www.gloria.ac.at), which focuses on high-elevation sites above treeline (Halloy et al. 2008),
and the extensive network of 1-ha tree plots in Amazonia are important steps in this direction,
(www.geog.leeds.ac.uk/projects/rainfor/) and a similar, badly needed initiative (Rainfor-
Andes) is about to start in highly diverse Andean forests. Third, well-designed experimental
and observational studies on the relationship between ecosystem productivity and local
species richness are needed, with the aim of distinguishing between different potential
mechanisms that in turn predict different responses to climate change (Evans et al. 2005).
Those data should also be linked to the increasingly available phylogenetic information.

Literature cited

Abrams, P. A. 1995. Monotonic or unimodal diversity-productivity gradients, what does
competition theory predict? Ecology 76:2019-2027.

Acebey, A., and T. Kromer. 2001. Diversidad y distribucion vertical de epifitas en los
alrededores del campamento rio Eslabon y de la laguna Chalalan, Parque Nacional
Madidi, Dpto. La Paz, Bolivia. Revista de la Sociedad Boliviana de Botanica 3:104-
123.

Algar, A. C., J. T. Kerr, and D. J. Currie. 2009. Evolutionary constraints on regional faunas:
whom, but not how many. Ecology Letters 12:57-65.

Antonelli, A. 2008. Spatiotemporal evolution of Neotropical organisms. PhD thesis.
Gothenburg: Department of Plant and Environmental Sciences, University of
Gothenburg.

Arévalo, R., and J. Betancur. 2004. Diversidad de epifitas vasculares en cuatro bosques del
sector suroriental de la serrania de Chiribiquete, Guayana colombiana. Caldasia
26:359-380.

Benavides, A. M., A. Duque, J. Duivenvorden, A. Vasco, and R. Callejas. 2005. A first
quantitative census of vascular epiphytes in rain forests of Colombian Amazonia.
Biodiversity and Conservation 14:739-758.

211



Benzing, D. H. 1990. Vascular epiphytes: general biology and related biota. Cambridge:
Cambridge University Press.

Bjerholm, S., J.-C. Svenning, F. Skov, F., and H. Balslev. 2005. Environmental and spatial
controls of palm (Arecaceae) species richness across the Americas. Global Ecology
and Biogeography 14:423-429.

Bokma, F., and M. Monkkdnen 2000. The mid-domain effect and the longitudinal dimension
of continents. Trends in Ecology and Evolution 15:288-289

Cardillo, M. 1999. Latitude and rates of diversification in birds and butterflies. Proceedings
of the Royal Society of London B, Biological Sciences 266:1221-1225.

Chase, J. M., and M. A. Leibold. 2002. Spatial scale dictates the productivity-biodiversity
relationship. Nature 416:427-430.

Clark, J. S. 2008. Beyond neutral science. Trends in Ecology and Evolution 24:8-15.

Cleef, A. M., O. Rangel, T. van der Hammen, and R. Jaramillo. 1984. La Vegetacion de las
selvas del transecto Buritaca. Pp. 267-407 in Studies on tropical Andean ecosystems
2, edited by T. van der Hammen and P. M. Ruiz. Berlin: J. Cramer.

Clinebell, R., O. L. Phillips, A. H. Gentry, N. Stark, and H. Zuuring. 1995. Prediction of
Neotropical tree and liana species richness from soil and climatic data. Biodiversity
and Conservation 4:56-90.

Colwell, R. K., G. Brehm, C. L. Cardelts, A. C. Gilman, and J. T. Longino. 2008. Global
warming, elevational range shifts, and lowland biotic attrotion in the wet tropics.
Science 322:258-261.

Colwell, R. K., and G. C. Hurtt. 1994. Nonbiological gradients in species richness and a
spurious Rapoport effect. American Naturalist 144:570-595

Colwell, R. K., and D. C. Lees. 2000. The mid-domain effect: geometric constraints on the
geography of species richness. Trends in Ecology and Evolution 15:70-76.

Colwell, R. K., C. Rahbek, and N. J. Gotelli. 2004. The mid-domain effect and species
richness patterns: what have we learned so far? American Naturalist 163:E1-E23.

Cornell, H. V., and R. D. Karlson. 1996. Species richness of reef-building corals determined
by local and regional processes. Journal of Animal Ecology 65:233-241.

Cornell, H. V., and J. H. Lawton. 1992. Species interactions, local and regional processes,
and limits to the richness of ecological communities: a theoretical perspective.
Journal of Animal Ecology 61:1-12.

Currie, D. J., G. G. Mittelbach, H. V. Cornell, R. Field, J.-F. Guégan, B. A. Hawkins, D. M.
Kaufman, J. T. Kerr, T. Oberdorff, E. O'Brien, and J. R. G. Turner. 2004. Predictions
and tests of climate-based hypotheses of broad-scale variation in taxonomic richness.
Ecology Letters 7:1121-1134.

Evans, K. L., P. H. Warren, and K. J. Gaston. 2005. Species-energy relationships at the
macroecological scale: a review of the mechanisms. Biological Reviews 80:1-25.

Galeano, G., S. Suarez, and H. Balslev. 1998. Vascular plant species count in a wet forest in
the Choco area on the Pacific coast of Colombia. Biodiversity and Conservation
7:1563-1575.

Gaston, K. J., and T. M. Blackburn. 2000. Pattern and process in macroecology. London:
Blackwell.

Gaston, K. J. 2000. Global patterns in biodiversity. Nature 405:220-227.

212



Gentry, A. H. 1982. Patterns of Neotropical plant species diversity. Evolutionary Biology
15:1-84.

Gentry, A. H. 1988. Changes in plant community diversity and floristic composition on
environmental and geographical gradients. Annals of the Missouri Botanical Garden
75:1-34.

Gentry, A. H. 1991. The distribution and evolution of climbing plants. Pp. 3-42 in The
biology of vines, edited by F. E. Putz and H. A. Mooney. Cambridge: Cambridge
University Press.

Gentry, A. H. 1995. Patterns of diversity and floristic composition in Neotropical montane
forests. Pp. 103-126 in Biodiversity and conservation of Neotropical montane forests,
edited by S. P. Churchill, H. Balslev, E. Forero, and J. L. Luteyn. New York: The
New York Botanical Garden.

Gentry, A. H. and C. H. Dodson. 1987. Diversity and biogeography of Neotropical vascular

epiphytes. Annals of the Missouri Botanical Garden 74:205-233.

Gleason, H. A. 1922. On the relation between species and area. Ecology 3:158-162.

Gotelli, N. J., and G. R. Graves. 1996. Null models in ecology. Washington, DC: Smithsonian
Institution Press.

Gradstein, S. R. 2006. The lowland cloud forest of French Guiana — a liverwort hotspot.
Cryptogamie, Bryologie 27:141-152.

Grytnes, J. A., and C. M. McCain. 2007. Elevational patterns in species richness. Pp. 1-8 in
Encyclopedia of biodiversity, edited by S. Levin. The Hague: Elsevier.

Grytnes, J. A. 2003. Ecological interpretations of the mid-domain effect. Ecology Letters
6:883-888

Grytnes, J. A., J. H. Beaman, T. S. Romdal, and C. Rahbek. 2008b. The mid-domain effect
matters: simulation analyses of range-size distribution data from Mount Kinabalu,
Borneo. Journal of Biogeography 35:2138-2147.

Grytnes, J. A., E. Heegaard, and T. S. Romdal. 2008a. Can the mass effect explain the mid-
altitudinal peak in vascular species richness? Basic and Applied Ecology 9:371-382.

Halloy, S. R. P. 1989. Altitudinal limits of life in subtropical mountains: what do we know?
Pacific Science 43:170-184.

Halloy, S. R. P., K. Yager, C. Garcia, S. G. Beck, J. Carilla, A. Tupayachi, J. Jacome, R. 1.
Meneses, J. Farfan, A. Seimon, T. A. Seimon, P. Rodriguez, S. Cuello, and A. Grau.
2008. South America: climate monitoring and adaptation integrated across regions
and disciplines. Pp. 86-91 in Atlas of biodiversity risks — from Europe to the globe,
from stories to maps, edited by J. Settele, L. Penev, T. Georgiev, R. Grabaum, V.
Grobelnik, V. Hammen, S. Klotz, M. Kotarac, and I. Kiihn. Sofia and Moscow:
Pensoft.

Harms, K. E., R. Condit, S. P. Hubbell, and R. B. Foster. 2001. Habitat associations of trees
and shrubs in a 50-ha Neotropical forest plot. Journal of Ecology 89:947-959.

Hawkins, B. A., and J. A. F. Diniz-Filho. 2002. The mid-domain effect cannot explain the
diversity gradient of Nearctic birds. Global Ecology and Biogeography 11:419-426.

Hawkins, B. A., and J. A. F. Diniz-Filho. 2004. 'Latitude' and geographic patterns in species
richness. Ecography 27:268-272.

Hawkins, B. A., R. Field, H. V. Cornell, D. J. Currie, J.-F. Guégan, D. M. Kaufman, J. T.
Kerr, G. G. Mittelbach, T. Oberdorff, E. M. O'Brien, E. E. Porter, and J. R. G. Turner.

213



2003. Energy, water, and broad-scale geographic patterns of species richness. Ecology
84:3105-3117.

Hawkins, B. A., F. S. Albuquerque, M. B. Araujo, J. Beck, L. M. Bini, F. J. Cabrero-Safiudo,
I. Castro-Parga, J. A. F. Diniz-Filho, D. Ferrer-Castan, R. Field, J. F. Gomez, J.
Hortal, J. T. Kerr, 1. J. Kitching, J. L. Ledén-Cortés, J. M. Lobo, D. Montoya, J. C.
Moreno, M. A. Olalla-Térraga, J. G. Pausas, H. Qian, C. Rahbek, M. A. Rodriguez,
N. J. Sanders, and P. Williams. 2007. A global evaluation of metabolic theory as an
explanation for terrestrial species richness gradients. Ecology 88:1877-1888.

Herzog, S. K., and M. Kessler. 2006. Local vs. regional control of species richness: a new
approach to test for competitive exclusion at the community level. Global Ecology
and Biogeography 15:163-172.

Herzog, S. K., M. Kessler, and K. Bach. 2005. The elevational gradient in Andean bird
species richness at the local scale: a foothill peak and a high-elevation plateau.
Ecography 28:209-222

Holscher, D., L. Kohler, A. I. J. M. Van Dijk, and L. A. Bruijnzeel. 2004. The importance of
epiphytes to total rainfall interception by a tropical montane rain forest in Costa Rica.
Journal of Hydrology 292:308-322.

Hubbell, S. P. 2001. The unified neutral theory of biodiversity and biogeography. Princeton:
Princeton University Press.

Hurlbert, A. H. 2004. Species-energy relationships and habitat complexity in bird
communities. Ecology Letters 7:714-720.

Ibisch, P. L. 1996. Neotropische Epiphytendiversitit — das Beispiel Bolivien. Archiv
naturwissenschaftlicher Dissertationen, Band 1. 357 pp.

Ibisch, P. L., A. Boegner, J. Nieder, and W. Barthlott. 1996. How diverse are Neotropical
epiphytes? An analysis based on the “Catalogue of flowering plants and
gymnosperms of Peru®. Ecotropica 2:13-28.

Jablonski, D., K. Roy, and J. W. Valentine. 2006. Out of the tropics: evolutionary dynamics
of the latitudinal diversity gradient. Science 314:102-106.

Jetz, W., and C. Rahbek. 2001. Geometric constraints explain much of the species richness
pattern in African birds. Proceedings of the National Academy of Science of the
United States of America 98:5661-5666.

Jiménez, 1., T. Distler, and P. M. Jergensen. 2009. Estimated plant richness patterns across
northwest South America provides similar support for the species-energy and spatial
heterogeneity hypotheses. Ecography 32:433-448.

Jones, M. M., P. Olivas-Rojas, H. Tuomisto, and D. B. Clark. 2007. Environmental and
neighbourhood effects on tree fern distributions in a Neotropical lowland rain forest.
Journal of Vegetation Science 18:13-24.

Jones, M. M., H. Tuomisto, D. B. Clark, and P. Olivas. 2006. Effects of mesoscale
environmental heterogeneity and dispersal limitation on floristic variation in rain
forest ferns. Journal of Ecology 94:181-195.

Kallimanis, A. S., A. D. Mazaris, J. Tzanopoulos, J. M. Halley, J. D. Pantis, and S. P.
Sgardelis. 2008. How does habitat diversity affect the species-area relationship?
Global Ecology and Biogeography 17:532-538.

214



Kaspari, M., S. O'Donnell, and J. R. Kercher. 2000. Energy, density, and constraints to
species richness: ant assemblages along a productivity gradient. American Naturalist
155:280-293.

Kessler, M. 2000. Upslope-directed mass effect in palms along an Andean elevational
gradient: a cause for high diversity at mid-elevations? Biotropica 32:756-759.

Kessler, M. 2001a. Pteridophyte species richness in Andean forests in Bolivia. Biodiversity
and Conservation 10:1473-1495.

Kessler, M. 2001b. Patterns of diversity and range size of selected plant groups along an
elevational transect in the Bolivian Andes. Biodiversity and Conservation 10:1897-
1920.

Kessler, M. 2009. The impact of population processes on patterns of species richness: lessons
from elevational gradients. Basic and Applied Ecology 10:295-299.

Kessler, M., and T. Croat. 1999. State of knowledge of Bolivian Araceae. Selbyana 20:224-
234.

Kessler, M., S. K. Herzog, J. Fjeldsa, and K. Bach. 2001. Species richness and endemism of
plant and bird communities along two gradients of elevation, humidity, and land use
in the Bolivian Andes. Diversity and Distributions 7:61-77.

Kessler, M., T. Kromer, J. Kluge, D. N. Karger, A. Acebey, A. Hemp, S. K. Herzog, and M.
Lehnert. 2009. Elevational gradients of species richness derived from local field
surveys versus ‘mining’ of archive data. Pp. 57-63 in Data mining for global trends in
mountain biodiversity, edited by E. M. Spehn and C. Koérner. Boca Raton, FL: CRC
Press/Taylor and Francis.

Killeen, T. J., M. Douglas, T. Consiglio, P. M. Jergensen, J. Mejia. 2007. Wet spots and dry
spots in the Andean hotspot. Journal of Biogeography 34:1357-1373.

Kluge, J., M. Kessler, and R. R. Dunn. 2006. What drives elevational patterns of diversity? A
test of geometric constraints, climate and species pool effects for pteridophytes on an
elevational gradient in Costa Rica. Global Ecology and Biogeography 15:358-371.

Korner, C. 2000. Why are there global gradients in species richness? Mountains might hold
the answer. Trends in Ecology and Evolution 15:513-514.

Korner, C. 2007. The use of ‘altitude’ in ecological research. Trends in Ecology and

Evolution 22:569-574.
Kreft, H., N. Koster, W. Kiiper, J. Nieder, and W. Barthlott. 2004. Diversity and

biogeography of vascular epiphytes in western Amazonia, Yasuni, Ecuador. Journal
of Biogeography 31:1463-1476.

Kromer, T., and S. R. Gradstein. 2003. Species richness of vascular epiphytes in two primary
forests and fallows in the Bolivian Andes. Se/byana 24:190-195.

Kromer, T., I. Jimenez, and M. Kessler. 2008. Diversity and vertical distribution patterns of
vascular epiphytes in the Cordillera Mosetenes, Cochabamba, Bolivia. Revista
Boliviana de Ecologia y Conservacion Ambiental 23:27-38.

Kromer, T., M. Kessler, and S. K. Herzog. 2006. Distribution and flowering ecology of
bromeliads along two climatically contrasting elevational transects in the Bolivian
Andes. Biotropica 38:183-195.

215



Kromer, T., M. Kessler, S. R. Gradstein, and A. Acebey. 2005. Diversity patterns of vascular
epiphytes along an elevational gradient in the Andes. Journal of Biogeography
32:1799-1810.

Kiiper, W., H. Kreft, J. Nieder, N. Kdoster, and W. Barthlott. 2004. Large-scale diversity
patterns of vascular epiphytes in Neotropical montane rain forests. Journal of
Biogeography 31:1477-1487.

Laanisto, L., P. Urbas, and M. Pértel. 2008. Why does the unimodal species richness-
productivity relationship not apply to woody sopecies: a lack of clonality or a legacy
of tropical evolutionary history. Global Ecology and Biogeography 17:320-326.

La Torre-Cuadros, M. de los A., S. Herrando-Pérez, and K. R. Young. 2007. Diversity and
structural patterns for tropical montane and premontane forests of central Peru, with
an assessment of the use of higher-taxon surrogacy. Biodiversity and Conservation
16:2965-2988.

Lauer, W. 1976. Zur hygrischen Hohenstufung tropischer Gebirge. Pp. 169-181 in
Neotropische Okosysteme. Biogeographica VII, edited by O. Schmidthiisen. The
Hague: Junk.

Leon, B. and N. Valencia. 1989. Pteridophytes of Zarate, a forest on the western side of the
Peruvian Andes. Fern Gazette 13:217-224.

Linares-Palomino, R., V. Cardona, E. I. Hennig, I. Hensen, D. Hoffmann, J. Lendzion, D.
Soto, S. K. Herzog, and M. Kessler. 2009. Non-woody life form contribution to
vascular plant species richness in a tropical American forest. Plant Ecology 201:87-
99.

Linares-Palomino, R., V. Cardona, D. Soto, S. K. Herzog, and M. Kessler. 2008. Tree
community patterns along a deciduous to evergreen forest gradient in central Bolivia.
Ecologia en Bolivia 43:1-20.

Linder, P. 2008. Plant species radiations: where, when, why? Philosophical Transactions of
the Royal Society of London B, Biological Sciences 363:3097-3105.

Lomolino, M. V. 2001. Elevation gradients of species-density: historical and prospective
views. Global Ecology and Biogeography 10:3-13.

Losos, J. B., and D. Schluter. 2000. Analysis of an evolutionary species-area relationship.
Nature 408:847-850

MacArthur, R. H., and E. O. Wilson. 1967. The theory of island biogeography. Monographs
in Population Biology no. 1. Princeton: Princeton University Press.

Macia, M. J. 2008. Woody plants diversity, floristic composition and land use history in the
Amazonian rain forests of Madidi National Park, Bolivia. Biodiversity and
Conservation 17:2671-2690.

Macia, M. J., and J. Fuertes. 2008. Composicion floristica y estructura de los arboles en un
bosque tropical montano de la Cordillera Mosetenes, Bolivia. Revista Boliviana de
Ecologia y Conservacion Ambiental 23:1-14.

Macia, M. J., K. Ruokolainen, H. Tuomisto, J. Quisbert, and V. Cala. 2007. Congruence
between floristic patterns of trees and lianas in a southwest Amazonian rain forest.
Ecography 30:561-577.

Macia, M. J., and J.-C. Svenning. 2005. Oligarchic dominance in western Amazonian plant
communities. Journal of Tropical Ecology 21:613-626.

216



Magurran, A. E. 2004. Measuring biological diversity. Oxford: Blackwell.
McCain, C. M. 2004. The mid-domain effect applied to elevational gradients: species

richness of small mammals in Costa Rica. Journal of Biogeography 31:19-31

McCain, C. M. 2007. Area and mammalian elevational diversity. Ecology 88:76-86.

Mittelbach, G. G., C. F. Steiner, S. M. Scheiner, K. L. Gross, H. L. Reynolds, R. B. Waide,
M. R. Willig, S. I. Dodson, and L. Gough. 2001. What is the observed relationship
between species richness and productivity? Ecology 82:2381-2396.

Monkkonen, M., J. T. Forsman, and F. Bokma. 2006. Energy availability, abundance, energy-
use and species richness in forest bird communities: a test of the species-energy
theory. Global Ecology and Biogeography 15:290-302.

Mufioz, A., and W. Kiiper. 2001. Diversity and distribution of vascular epiphytes along an
altitudinal gradient in an Andean cloud forest (Reserva Otonga, Ecuador). Epiphytes
and canopy fauna of the Otonga rain forest (Ecuador). Pp. 189-216 in Results of the
Bonn-Quito epiphyte project, funded by the Volkswagen Foundation, Vol. 2, edited by
J. Nieder and W. Barthlott. Norderstedt: Books on Demand.

Nieder, J., S. Engwald, and W. Barthlott. 1999. Patterns of Neotropical epiphyte diversity.
Selbyana 20:66-75.

Pautasso, M., and K. J. Gaston. 2005. Resources and global avian assemblage structure in
forests. Ecology Letters 8:282-289.

Pautasso, M., and K. J. Gaston. 2006. A test of the mechanisms behind avian generalized
individuals-area relationships. Global Ecology and Biogeography 15:303-317.
Phillips, O. L., P. Nufiez Vargas, A. Lorenzo Monteagudo, A. Pefia Cruz, M.-E. Chuspe
Zans, W. Galiano Sanchez, M. Yli-Halla, and S. Rose. 2003. Habitat association
among Amazonian tree species: a landscape-scale approach. Journal of Ecology

91:757-7175.

Phillips, O. L., and J. S. Miller. 2002. Global patterns of plant diversity: Alwyn H. Gentry's
forest transect data set. St. Louis: Missouri Botanical Garden Press.

Placzek, C., J. Quade, J. L. Betancourt, P. J. Patchett, J. A. Rech, C. Latorre, A. Matmon, C.
Holmgren, and N. B. English. 2009. Climate in the dry, central Andes over geologic,
millennial, and interannual timescales. Annals of the Missouri Botanical Garden
96:386-397.

Pulliam, H. R. 1998. Sources, sinks and population regulation. American Naturalist 132:652-
661

Rahbek, C. 1995. The elevational gradient of species richness: a uniform pattern? Ecography
18:200-205.

Rahbek, C. 2005. The role of spatial scale and the perception of large-scale species-richness
patterns. Ecology Letters 8:224-239.

Rahbek, C., and G. R. Graves. 2001. Multiscale assessment of patterns of avian species
richness. Proceedings of the National Academy of Science of the United States of
America 98:4534-4539.

Ricklefs, R. E. 1987. Community diversity: relative roles of local and regional processes.
Science 235:167-171.

Ricklefs, R. E. 2004. A comprehensive framework for global patterns in biodiversity.
Ecology Letters 7:1-15.

217



Ricklefs, R. E. 2005. Phylogenetic perspectives on patterns of regional and local richness. Pp.
16-40 in Tropical rainforest: past, present, and future, edited by E. Bermingham, C.
W. Dick and C. Moritz. Chicago: University of Chicago Press.

Rohde, K. 1992. Latitudinal gradients in species diversity: the search for the primary cause.
Oikos 65:514-527.

Romdal, T. S., and J. A. Grytnes. 2007. An indirect area effect on elevational species richness
patterns. Ecography 30:440-448.

Rosenzweig, M. L. 1995. Species diversity in space and time. Cambridge: Cambridge
University Press.

Rosenzweig, M. L., and Y. Ziv. 1999. The echo pattern of species diversity: pattern and
process. Ecography 22:614-628.

Roy, K., and E. E. Goldberg. 2007. Origination, extinction, and dispersal: integrative models
for understanding present-day diversity gradients. American Naturalist 170:S71-S85.

Ruokolainen, K., H. Tuomisto, M. J. Macia, M. A. Higgins, and M. Yli-Halla. 2007. Are
floristic and edaphic patterns in Amazonian rain forests congruent for trees,
pteridophytes and Melastomataceae? Journal of Tropical Ecology 23:13-25.

Schimper, A. F. W. 1888. Die epiphytische Vegetation Amerikas. Jena: G. Fischer.

Schnitzer, S. A. 2005. A mechanistic explanation for global patterns of liana abundance and
distribution. American Naturalist 166:262-276.
Seimon, A., S. R. P. Halloy, and T. A. Seimon. 2007. Global high-altitude limits for aquatic

vascular plants. Arctic, Antarctic, and Alpine Research 39:340-341.

Shmida, A., and M. W. Wilson. 1985. Biological determinants of species diversity. Journal
of Biogeography 12:1-20.

Shurin, J., and D. S. Srivastava. 2005. New perspectives on local and regional diversity:
beyond saturation. Pp. 399-417 in Metacommunities, edited by M. Holyoak, M.
Leibold, and R. Holt. Chicago: University of Chicago Press.

Sklenar, P., and P. M. Ramsay. 2001. Diversity of zonal paramo plant communities in
Ecuador. Diversity and Distributions 7:113-124.

Srivastava, D. S. 1999. Using local-regional richness plots to test for species saturation:
pitfalls and potentials. Journal of Animal Ecology 68:1-17.

Srivastava, D. S., and J. H. Lawton. 1998. Why more productive sites have more species: an
experimental test of theory using tree-hole communities. American Naturalist
152:510-529.

Stebbins, G. L. 1974. Flowering plants: evolution above the species level. Cambridge, MA:
Harvard University Press.

Stropp, J., H. ter Steege, and Y. Malhi. 2009. Disentangling regional and local tree diversity
in the Amazon. Ecography 32:46-54.

Terborgh, J. W., and J. Faaborg. 1980. Saturation of bird communities in the West Indies.
American Naturalist 116:178-195.

Tilman, D. 1997. Community invasibility, recruitment limitation, and grassland biodiversity.
Ecology 78:81-92.

Thies, B., T. Nauss, and J. Bendix. 2008. Discriminating raining from non-raining clouds at
mid-latitudes using Meteosat Second Generation daytime data. Atmospheric and
Chemical Physics 8:2341-2349.

218



Tuomisto, H., K. Ruokolainen, and M. Yli-Halla. 2003. Dispersal, environment, and floristic
variation of western Amazonian forests. Science 299:241-244.

Turnbull, L. A., M. J. Crawley, and M. Rees. 2000. Are plant populations seed-limited? A
review of seed sowing experiments. Oikos 88:225-238.

Waide, R. B., M. R. Willig, C. F. Steiner, G. G. Mittelbach, L. Gough, S. I. Dodson, G. P.
Juday, and R. Parmenter. 1999. The relationship between productivity and species
richness. Annual Review of Ecology and Systematics 30:257-300.

Weiser, M. D., B. J. Enquist, B. Boyle, T. J. Killeen, P. M. Jorgensen, G. Fonseca, M. D.
Jennings, A. J. Kerkhoff, T. E. Lacher Jr., A. Monteagudo, M. P. Nufiez V., O. L.
Phillips, N. G. Swenson, and R. Vasquez M. 2007. Latitudinal patterns of range size
and species richness of New World woody plants. Global Ecology and Biogeography
16:679-688.

Wiens, J. J., and M. J. Donoghue. 2004. Historical biogeography, ecology and species
richness. Trends in Ecology and Evolution 19:639-644.

Willig, M. R., D. M. Kaufman, and R. D. Stevens. 2003. Latitudinal gradients of biodiversity:
pattern, process, scale, and synthesis. Annual Reviews of Ecology Evolution and
Systematics 34:273-309.

Wolf, J. H. D. 1994. Factors controlling the distribution of vascular and non-vascular
epiphytes in the northern Andes. Vegetatio 112:15-28.

Young, K. R. 1993. Tropical timberlines: changes in forest structure and regeneration
between two Peruvian timberline margins. Arctic and Alpine Research 25:167-174.

Young, K. R., and B. Leon. 2007. Tree-line changes along the Andes: implications of spatial
patterns and dynamics. Philosophical Transactions of the Royal Society of London B,
Biological Sciences 362:263-272.

Zotz, G., and P. Hietz. 2001. The physiological ecology of vascular epiphytes: current
knowledge, open questions. Journal of Experimental Botany 52:2067-2078

219



