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abstract. Area and latitude are thought to be the most important determinants of species richness. The relative 
importance of these two factors was recently tested, using data on orchid species diversity in various countries 
in the world and it was found that size of the country (or of the protected areas within the country) is a better 
determinant of species diversity in orchids than latitude. On the other hand, literature data indicate that in many 
groups species richness is also heavily dependent on habitat diversity as expressed by the range of altitudes in 
the region considered. Here we analyze the species richness data for various countries in Latin America, using 
the above-mentioned altitudinal amplitude as a proxy. Habitat diversity played a role in tropical, but not in 
temperate countries. The reason may indicate that in the temperate countries only few orchid species grow in 
higher elevations, so an increase of altitudinal range of habitats there does not entail a corresponding increase 
of species richness there. Thus, especially in the tropics, efforts should be directed to preservation of protected 
areas in all altitudes, rather than to increase of existing reserve size only in areas that are not attractive for human 
development. 
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Introduction. Questions concerning species diversity 
have attracted ecologists for over a century. Recently 
this issue became even more important, because the 
diversity of life on Earth is in rapid decline (Dirzo & 
Raven 2003, Possingham & Wilson 2005). Therefore, 
one of the most pressing tasks facing the global 
conservation community is trying to understand 
the main factors determining diversity of species 
(Possingham & Wilson 2005) and identifying important 
areas for their conservation (Tsiftsis et al. 2011), as 
this is crucial for their survival. This especially holds 
for threatened groups such as orchids (Efimov 2011, 
Feldman & Prat 2011). 
 For any group of organisms, the most important 
determinants of species richness are thought to be area, 
latitude and energy availability (Schödelbauerová 
et al. 2009). Specifically, the increase in species 
richness with decreasing latitude from the poles to 
the tropics (Pianka 1966, Rohde 1992, Willig et al. 
2003, Hillebrand 2004) was well documented and so 

was the increase in species richness with increasing 
area (Arrhenius 1921, Gleason 1922, Williamson 
1988, Rosenzweig 1995). More recently, the amount 
of energy available (i.e. that which can be converted 
into biomass) for net primary productivity has been 
revealed to be also an important determinant of species 
richness (Wright 1983, Wylie & Currie 1993a, 1993b, 
Pelkey et al. 2000, Evans et al. 2005, Storch et al. 
2005).
 The relative importance of these factors was 
recently tested, using data on orchid species diversity 
in various countries in the world (Schödelbauerová 
et al. 2009) and it was found that size of the region 
considered is a better determinant of species diversity 
in orchids than its latitude. 
 However, the habitat heterogeneity hypothesis 
states that also an increase in habitat heterogeneity 
leads to an increase in species diversity (Cramer 
& Willig 2005). The effect of habitat diversity on 
species diversity was empirically supported by the 
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data on orchids in the Caribbean islands (Ackerman 
et al. 2007), but habitat heterogeneity has never been 
considered in the context of orchids growing on the 
mainland – e.g., various countries in a continent. The 
result obtained for islands (that increase in habitat 
heterogeneity leads to an increase in species diversity) 
cannot be automatically transferred to the case of a 
set of patches on the mainland (like various countries 
in a continent). The reason is that while islands are 
surrounded by a completely inhospitable area for 
orchids (sea), the area between individual patches on 
the mainland is covered by various types of habitat 
(usually called “matrix”), some of which (“hospitable 
patches”) can be inhabited by the taxonomic group 

in question (orchids in this case). Therefore, these 
“hospitable patches” may act as stepping stones for 
migration of species between the patches studied. 
This also holds for passively migrating groups, like 
orchids. Their seeds originating from patch A may be 
blown by wind, germinate on these stepping stones 
and their descendant seeds may finally reach some 
other patch B. If the distance between patches A and 
B is large and therefore the likelihood that a seed 
originating from patch A will reach directly patch 
B, then the presence of the stepping stone increases 
the probability that species originating from patch A 
finally colonizes patch B via descendants of the seeds 
produced in patch A.

Tropical America

Belize  IUCN/SSC Orchid Specialist Group (2004)
Bolivia  Vasquez, Ch.R., Pierre, L.I., 2000. Orchids of Bolivia – Diversity and Conservation   
 Status, vol. 1. Subtribu: Pleurothallidinae. Editorial F.A.N., Bolivia
Brazil  IUCN/SSC Orchid Specialist Group (2004)
Amazonia, Brazil  IUCN/SSC Orchid Specialist Group (2004)
State of Espirito Santo, Brazil  IUCN/SSC Orchid Specialist Group (2004)
Colombia  IUCN/SSC Orchid Specialist Group (2004)
Costa Rica  Dodson, C.H., Escobar, R., 1994. Native Ecuadorian Orchids I. Hola Colina, Medellin
Ecuador  Dodson, C.H., Escobar, R., 1994. Native Ecuadorian Orchids I. Hola Colina, Medellin
El Salvador IUCN/SSC Orchid Specialist Group (2004)
French Guiana  IUCN/SSC Orchid Specialist Group (2004)
Guatemala  IUCN/SSC Orchid Specialist Group (2004)
Guyana  IUCN/SSC Orchid Specialist Group (2004)
Honduras  IUCN/SSC Orchid Specialist Group (2004)
Mexico  Espejo-Serna, A., López-Ferrari, A.R., 1998. Las monocotiledóneas mexicanas, una  
	 sinopsis	florística.	1	Lista	de	Referencia.	Parte	VIII.	Orchidaceae	2.	Consejo	de	la	Flora 
  de México A.C., Universidad Autónoma Metropolitana Iztapalapa, CONABIO, D.F. México
Nicaragua  IUCN/SSC Orchid Specialist Group (2004)
Panama  Dodson, C.H., Escobar, R., 1994. Native Ecuadorian Orchids I. Hola Colina, Medellin
Peru  IUCN/SSC Orchid Specialist Group (2004)
Suriname  IUCN/SSC Orchid Specialist Group (2004)
Venezuela  IUCN/SSC Orchid Specialist Group (2004)

Temperate America

Argentina  IUCN/SSC Orchid Specialist Group (2004)
Chile  IUCN/SSC Orchid Specialist Group (2004)
Paraguay  IUCN/SSC Orchid Specialist Group (2004)
Uruguay  IUCN/SSC Orchid Specialist Group (2004)

table 1. Sources for the numbers of orchid species countries from Central and South America.
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 Here we show our results on the combined effect of 
area and habitat diversity on orchid species diversity in 
various countries, using data from Central and South 
America. Our results therefore provide a comparison 
of the results already obtained in islands with those for 
mainland.

Methods. The numbers of orchid species (S) for 
23 countries or parts thereof from Central and 
South America and their areas were obtained from 
published articles and floras (Table 1). These 
countries were divided into temperate (Argentina, 
Chile, Paraguay and Uruguay) and tropical ones 
(the remaining 19 countries). Area (A) and habitat 
diversity, estimated by the altitudinal difference 
between the highest and lowest point in the country 
(Alt), were then obtained from web sites of these 
countries or using Google Earth. 
 We used both univariate (power function for S = 
f(A) and exponential for S = f(Alt)) and 3 different 
linear bivariate models (see Table 2 for their list). Only 
univariate models were used for temperate countries, 
as for only 4 countries there was no point in fitting the 
data by bivariate models. 

Results. We analysed 19 tropical countries and areas 
(parts of a country) and 4 temperate countries in 
Latin America. The species-area relationships for 
tropical and temperate countries are shown in Fig. 1. 
Area of the country explained 39% of the variability 
in temperate countries and 36% of the variability in 
tropical countries. 
 The dependence of the number of orchid species 

on habitat diversity approximated as the difference 
between the altitude of the highest and that of the 
lowest point in the country is shown in Fig. 2. For 
tropical countries, habitat diversity was even a better 
predictor of the number of orchid species than area, 
as it explained 64% of the variability. In the temperate 
countries, habitat diversity explained only 5% of the 
total variability. 
 Table 2 summarizes the models tested, their 
parameters, and the corresponding t-, p- and R2-
values. The coefficient a for habitat diversity, 
approximated as the difference between the altitude 
of the highest and that of the lowest point in the 
country was always significantly different from zero, 
as indicated by the p-value, so habitat heterogeneity 
should never be neglected. The R2-values indicating 
the percentage of explained variability by the model 
show that the best model is the third one, i.e., ln S = 
a*Alt + b*ln A + c.

FIgure 1. The species-area relationship, for temperate and 
tropical countries separately.

table 2. Models tested, their parameters, and the corresponding t-, p- and R2-values.

Model	 Coefficient	 Value	 t	 p	 R2

 a 0.32 4.14 < 0.05
S = a*Alt + b*A +c b 0.0001 1.97 0.07 0.58
 c -198.13 -0.62 0.55 

 a 0.28 2.89 < 0.05
S = a*Alt + b*ln A +c b 112.3 1.11 0.28 0.52 
 c -1300.6 -1.14 0.27 

 a 0.0003 4.15 < 0.05 
ln S = a*Alt + b*ln A +c b 0.11 1.64 0.12 0.69 
 c 4.41 5.84 < 0.05
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Discussion. The model ln S = a*Alt + b*ln A + c best 
fitted the data on orchid species richness, which only 
reconfirms the well known fact that a power function 
is the best one for fitting the species-area relationships.
Not surprisingly, the effect of latitude is expressed 
by lower intercept in Fig. 1 for temperate countries. 
The importance of the slightly larger exponent for 
temperate countries cannot be overestimated because 
of the low number of these countries.
 Habitat diversity, as expressed by the difference in 
altitudes between the highest peak and lowest point in 
the country considered, played a role in tropical, but 
not in temperate countries (Fig. 2). The reason may 
be that in temperate countries only few orchid species 
grow in higher elevations, so an increase of altitudinal 
range of habitats there does not entail a corresponding 
increase of species richness.
 Both figures and the table indicate that the effect of 
habitat diversity was stronger than that of country size 
in tropical countries. Thus, especially in the tropics, 
efforts should be directed to preservation of protected 
areas in all altitudes, rather than to increase of existing 
reserve size only in areas that are not attractive for 
human development. 
 Altitudinal amplitude is used as a proxy for 
habitat here. Of course, with increasing altitude comes 
slightly increasing area compared to the basal area of 
the country. This could be a confounding factor in our 
study. However, first – the increase of area caused by 
habitat heterogeneity is relatively small (altitudinal 
differences per kilometre are usually in the range of 
several hundreds of meters at most). Second – even 
if we accept there is a positive correlation between 
area and habitat diversity per unit basal area, then this 

increase just becomes one of the components of the 
effect of habitat diversity. This is not to say that this 
effect should not be completely ignored, however.
Our results show a strong correlation with habitat 
diversity, which would suggest potentially narrow 
habitat ranges of species. This may have some 
implications particularly in the light of climate change: 
if temperature will increase, the species will most likely 
move upwards and if there is no space there (top of the 
mountain), the only chance for them to survive will be 
to move to another patch. Even if there will be space in 
higher elevations, the basic topological considerations 
imply that its amount may be lower.
The potentially narrow habitat ranges of species may 
also have important implications in protected area 
management: maintenance of present locations of 
species may then become very important, as other 
locations may be unsuitable because of this narrow 
habitat range.
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