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Species diversity has two primary components: species richness (the number of species 
in a community) and species composition (the list of species and their relative abundances in 
a community). While most research on the relationship between ecosystem diversity and stability has 
focused on species richness, it is variation in species composition that provides the mechanistic basis to 
explain the relationship between species richness and ecosystem functioning. Species differ from one 
another in their resource use, environmental tolerances, and interactions with other species, such that 
species composition has a major influence on ecosystem functioning and stability. 

The traits that characterize the ecological function of a species are termed functional traits, and 
species that share similar suites of traits are often categorized together into functional groups. When 
species from different functional groups occur together, they can exhibit complementary resource use,

 meaning that they use different resources or use the same resources at different times. In 
the case of plants, all species may utilize the same suite of resources (space, light, water, soil nutrients, 
etc.) but at different times during the growing season. Increasing species diversity can influence 
ecosystem functions — such as productivity — by increasing the likelihood that species will use 
complementary resources and can also increase the likelihood that a particularly productive or efficient 
species is present in the community. For example, high plant diversity can lead to increased ecosystem 

productivity by more completely, and/or efficiently, exploiting resources.  
Theoretical models suggest that there could be multiple relationships between diversity and 

stability, depending on how we define stability. Stability can be defined at the ecosystem level — for 

example, a rancher might be interested in the ability of a grassland ecosystem to maintain primary 
production for cattle forage across several years that may vary in their average temperature and 
precipitation. Figure shows how having multiple species present in a plant community can stabilize 
ecosystem processes if species vary in their responses to environmental fluctuations such that an 

increased abundance of one species can compensate for the decreased abundance of another. 
Biologically diverse communities are also more likely to contain species that confer resilience to that 
ecosystem because as a community accumulates species, there is a higher chance of any one of them 

having traits that enable them to adapt to a changing environment. Such species could buffer the system 
against the loss of other species. Scientists have proposed the insurance hypothesis to explain this 
phenomenon.  
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; Each rectangle represents a plant community containing individuals of either black or 
white species and the total number of individuals corresponds to the productivity of the ecosystem. 

White species increase in abundance in warm years, whereas black species increase in abundance in 
cold years such that a community containing only black or white species will fluctuate in biomass when 
there is inter-annual climate variability. In contrast, in the community containing both white and black 

individuals, the decrease in one species is compensated for by an increase in the other species, thus 
creating stability in ecosystem productivity between years. Note also that, on average, the diverse 
community exhibits higher productivity than either single-species community. This pattern could occur 

if black or white species are active at slightly different times, such that competition between the two 
species is reduced. This difference in when species are active leads to complementary resource 
utilization and can increase total productivity of the ecosystem. 
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