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                             The patterns and causes of elevational diversity gradients          

    Nathan J.     Sanders and       Carsten     Rahbek       

 A major focus of research in spatial ecology over the past 
25 years has been to understand why the number of species 
varies geographically. Th e most striking, and perhaps best 
documented, pattern in spatial ecology is the latitudinal gra-
dient in species diversity in which the number of species, for 
most taxa, declines with increasing latitude. Understanding 
the underlying cause(s) of the latitudinal gradient has proven 
challenging, perhaps because there are really only two latitu-
dinal gradients (in the northern and southern hemispheres), 
and because it is often diffi  cult to perform experiments at 
latitudinal scales. 

 Elevational gradients in species diversity are nearly as 
ubiquitous as latitudinal gradients, and they off er many 
characteristics that make them perhaps more suitable for 
uncovering the underlying cause(s) of spatial variation in 
diversity. First, there are many replicates of elevational diver-
sity gradients – essentially each mountain or mountain range 
is a replicate, so it is possible to test for the generality of 
the underlying cause(s). Second, it is possible to carry out 
manipulative experiments along elevational gradients. Th ird, 
fi eld data can be collected more readily along elevational gra-
dients than along latitudinal gradients, simply because the 

spatial extent of elevational gradients is small relative to lati-
tudinal gradients. Finally, many of the potential underlying 
causes that covary along latitudinal gradients (history, cli-
mate, time since glaciation, area) do not covary along eleva-
tional gradients (Körner 2007). 

 Given the benefi ts of elevational gradients relative to lati-
tudinal gradients, it seems clear that they can be useful tools 
to understand the underlying cause(s) of diversity gradients. 
And, in fact, there is a growing appreciation of the utility 
of elevational gradients as tools to uncover the mechanisms 
that shape both patterns of biodiversity and the function-
ing of ecosystems (Fukami and Wardle 2005, Nogues-Bravo 
et al. 2008). 

 Ecography has played a major role as an outlet for many 
studies of elevational gradient studies, and in fact such stud-
ies are one of the strengths of the journal. Since its incep-
tion, Ecography has published more than 25 papers that 
have explicitly focused on elevational diversity gradients. 
Th e papers highlighted in this Virtual Issue indicate that 
Ecography has been, and will continue to be, an important 
outlet for papers at the cutting edge of documenting and 
explaining elevational gradients in diversity. 

 Here, our goal is to highlight some elevational diver-
sity gradient papers published in Ecography (bold-face in 
reference list) that we feel have made long-lasting contri-
butions to the study of spatial ecology. Th is Virtual Issue 
(http://tinyurl.com/cr2lkew) is about elevational diversity 
gradients, though we recognize that a number of key papers 
have been published in Ecography on topics ranging from 
montane diversity at regional or continental scales (Parra 
et al. 2004, Ricklefs et al. 2004, Ruggiero and Kitzberger 
2004, Ruggiero and Hawkins 2008), population dynam-
ics (Ramriez et al. 2006, Gimenez-Benavides et al. 2011), 
interactions among species (Fuentes et al. 1992, Mazia et al. 
2004), adaptation (Berner et al. 2004), and climate  change 
(Dollery et al. 2006).   

 The patterns 

  Nearly 20 years ago, one of us (Rahbek 1995) asked 
whether the conventional wisdom about elevational diver-
sity gradients – that they mirrored the latitudinal gradient 
and declined with elevation – was supported by the data. 
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Examining all of the literature (at the time, 97 papers) on 
elevational diversity gradients showed that the answer was, 
for the most part, ‘no’. Most studies, when sampling eff ort 
was corrected for, showed hump-shaped diversity gradients, 
with diversity peaking at mid-elevations. 

 Th e quantitative review of published studies by Rahbek 
(1995) to document the generality (or lack thereof ) of the 
pattern was illuminating. Th e studies in Rahbek’s paper were 
from various mountain ranges, and on various taxa. One 
reason that diff erent patterns of elevational diversity might 
occur in diff erent systems may be that the scale and extent of 
the elevational gradients varied among studies (Rahbek 2005, 
Nogues-Bravo et al. 2008) or because diff erent mountain 
ranges are embedded in diff erent regional climatic areas with 
diff erent evolutionary histories. Th is is an under-appreciated 
fact in comparative studies of elevational diversity gradients. 

 Another approach to examine generality of elevational 
diversity gradients is to focus on several replicate eleva-
tional gradients within the same region, so that species 
occuring along the gradient might come from the same 
regional species pool and share similar evolutionary 
histories. Th is was the approach of Grytnes (2003), who 
sampled plant diversity along seven transects in northern 
Norway, Wang et al. (2009) who sampled tree and herb 
communities along six elevational gradients in northeast 
China, and of Sanders (2002) who compiled regional lists 
of the ants of Colorado, Nevada and Utah. In those stud-
ies, the patterns diff ered slightly among replicate samples, 
but the underlying causes were similar within each gra-
dient. Th ese results contrast with a study on non-volant 
mammals in several mountain ranges in  Utah by Rowe 
(2009). In that study, the patterns of diversity with eleva-
tion were similar, but the underlying mechanisms diff ered 
among mountain ranges. 

  But most of the elevational diversity gradient studies 
that have been published in  Ecog raphy  have  come   from 
investigators who have compiled empirical data for a given 
taxon in a particular mountain range.   Th ese studies might 
diff er in the extent and scale at which diversity is sampled, 
ranging from Herzog et al. ’ s (2005) data on bird diversity 
in 250 m elevational bands in the Andes to Grytnes’s 
(2003) 25 m 2  plots in Norway. Regardless of the diff er-
ences in sampling and extent among studies, most agree 
with the results from Rahbek’s (1995) review of the litera-
ture: in most instances, diversity peaks at mid-elevations, 
with a few notable exceptions (Brehm et al. 2003, Machac 
et al. 2011).

 The underlying causes  

 A number of factors have been implicated as underly-
ing causes of elevational diversity gradients. Some of 
the most frequently tested are climate and productivity 
(Rahbek 1995, Odland and Birks 1999, Grytnes 2003, 
Fu et al. 2006,  Rowe 2009, Wang et al. 200  9   ), source-
sink dynamics (Kessler et al. 2011), area (Rahbek 1995, 
Sanders 2002, Jones et al. 2003, Bachman et al. 2004, 
Herzog et al. 2005, Romdal and Grytnes 2007), distur-
bance (Escobar et al. 2007, Bunn et al. 2011), geometric 
constraints (Sanders 2002, Bachman et al. 2004, Herzog 

et al. 2005, Fu et al. 2006, Rowe 2009) and evolutionary 
history (Machac et al. 2011). Th e diversity of results among 
studies, and even within studies, suggests that no single 
mechanism is responsible for all elevational diversity gra-
dients. Future studies, many of which are   likely to be pub-
lished in Ecography (we hope), will move the fi eld forward, 
perhaps by examining the   interplay between contemporary 
and past climate (Hortal et al. 2011), integrating ecology 
and   evolution (Graham et al. 2009, Machac et al. 2011), 
employing new tools (Levanoni et al. 2011) and   demon-
strating the eff ects of climatic change on current (Forister 
et al. 2010) and future patterns of   biodiveristy (Colwell 
et al. 2008). 

 Papers published in Ecography   have been some of the 
fi rst to test explicitly many of these mechanisms, and their 
generality. As the number of studies on elevational diversity 
gradients continues to grow   (more than 300 as of 2011 ), 
Ecography  will continue to play a role in shaping the fi eld 
and helping to uncover the mechanisms which shape broad-
scale variation in species richness, especially along elevational 
gradients. 

 References 

   Bachman, S. et al. 2004. Elevational gradients, area and tropical 
island diversity: an example from the palms of New Guinea. 
– Ecography 27: 299–310.  

 Berner, D. et al. 2004. Grasshopper populations across 2000 m 
of altitude: is there life history adaptation? – Ecography 27: 
733–740. 

  Brehm, G. et al. 2003. Unique elevational diversity patterns 
of geometrid moths in an Andean montane rainforest. 
– Ecography 26: 456–466.  

  Bunn, W. A. et al. 2011. Change within and among forest com-
munities: the inf luence of historic disturbance, environ-
mental gradients, and community attributes. – Ecography 33: 
425–434.  

 Colwell, R. K. et al. 2008. Global warming, elevational range shifts, 
and lowland biotic attrition in the wet tropics. – Science 322: 
258–261. 

 Dollery,  R.  et al. 2006. Impact of warming and timing of 
snow melt on soil microarthropod assemblages associated 
with  Dryas -dominated plant communities on Svalbard.
 – Ecography 29: 111–119. 

 Escobar, F. et al. 2007. From forest to pasture: an evaluation of 
the infl uence of environment and biogeography on the 
structure of beetle (Scarabaeinae) assemblages along three 
altitudinal gradients in the Neotropical region. – Ecography 
30: 193–208. 

 Forister, M. L. et al. 2010. Compounded eff ects of climate change 
and habitat alteration shift patterns of butterfl y diversity. 
– Proc. Natl Acad. Sci.     USA 107: 2088–2092. 

  Fu, C. Z. et al. 2006. Elevational patterns of frog species rich-
ness and endemic richness in the Hengduan Mountains, 
China: geometric constraints, area and climate eff ects. 
– Ecography 29: 919–927  .

 Fuentes, M. 1992. Latitudinal and elevational variation in fruit-
ing phenology among western-European bird-dispersed 
plants. – Ecography 15: 177–183. 

 Fukami, T. and Wardle, D. A. 2005. Long-term ecological dynam-
ics: reciprocal insights from natural and anthropogenic gradi-
ents. – Proc. R. Soc. B 272: 2105–2115. 

 Gimenez-Benavides,  L.  et al. 2011. Demographic processes of 
upward range contraction in a long-lived Mediterranean 
high mountain plant. – Ecography 34: 85–93. 



3

 Graham, C. C. et al. 2009. Phylogenetic structure in tropical 
hummingbird communities. – Proc.   Natl Acad. Sci. USA l06:
19673–19678. 

  Grytnes, J. A. 2003. Species–richness patterns of vascular plants 
along seven altitudinal transects in Norway. – Ecography 
26: 291–300.  

  Herzog, S. K. et al. 2005. Th e elevational gradient in Andean 
bird species richness at the local scale: a foothill peak and 
a high-elevation plateau. – Ecography 28: 209–222.  

 Hortal,  J.  et al. 2011. Ice age climate, evolutionary constraints and 
diversity patterns of European dung beetles. – Ecol. Lett.  14: 
741–748.

  Jones, J. I. et al. 2003. Area, altitude and aquatic plant diversity. 
– Ecography 26: 411–420  .

  Kessler, M. et al. 2011. Th e impact of sterile populations on 
the perception of elevational richness patterns in ferns. 
– Ecography 34: 123–131.  

 Körner, C. 2007. Th e use of ‘altitude’ in ecological research. 
– Trends Ecol. Evol. 22: 569–574. 

  Levanoni, O. et al. 2011. Can we predict butterfl y diversity 
along an elevation gradient from space? – Ecography 34: 
372–383.  

  Machac, A. et al. 2011. Elevational gradients in phylogenetic 
structure of ant communities reveal the interplay of biotic and 
abiotic constraints on diversity. – Ecography 34: 364–371.  

 Mazia, C. N. et al. 2004. Interannual changes in folivory and 
bird insectivory along a natural productivity gradient in 
northern Patagonian forests. – Ecography 27: 29–40. 

Nogues-Bravo, D. et al. 2008. Scale eff ects and human impact 
on the elevational species richness gradients. – Nature 453: 
216–219.

 Odland, A. and Birks, H. J. B. 1999. Th e altitudinal gradient 
of vascular plant richness in Aurland, western Norway. 
– Ecography 22: 548–566. 

 Parra, J. L. et al. 2004. Evaluating alternative data sets for eco-
logical niche models of birds in the Andes. – Ecography 27: 
350–360. 

  Rahbek, C. 1995. Th e elevational gradient of species richness 
– a uniform pattern. – Ecography 18: 200–205.  

 Rahbek, C. 2005. Th e role of spatial scale and the perception 
of large-scale species–richness patterns. – Ecol. Lett. 224–
239. 

 Ramirez, J. M. et al. 2006. Altitude and woody cover control 
recruitment of  Helleborus foeti dus in a Mediterranean 
mountain area. – Ecography 29: 375–384. 

 Ricklefs, R. E. et al. 2004. Th e region eff ect on mesoscale plant 
species richness between eastern Asia and eastern North 
America. – Ecography 27: 129–136. 

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

  Rowe, R. 2009. Environmental and geometric drivers of small 
mammal diversity along elevational gradients in Utah. 
– Ecography 32: 411–422.  

 Ruggiero, A. and Hawkins, B. A. 2008. Why do mountains 
support so many species of birds? – Ecography 31: 306–
315. 

 Ruggiero, A. and Kitzberger, T. 2004. Environmental correlates 
of mammal species richness in South America: eff ects 
of spatial structure, taxonomy and geographic range. 
– Ecography 27: 401–416. 

  Sanders, N. J. 2002. Elevational gradients in ant species 
richness: area, geometry, and Rapoport’s rule. – Ecography 
25: 25–32.  

  Wang, X. P. et al. 2009. Relative importance of climate vs 
local factors in shaping the regional patterns of forest 
plant richness across northeast China. – Ecography 32: 
133–142.       


