
Summary and conclusions

The species abundance distribution is one of the oldest and most well studied patterns in ecology

(McGill et al. 2007). Despite the extensive study of this pattern, it remains an open question as to

whether the pattern contains enough information to allow the operation of biological processes to

be inferred from its shape (McGill et al. 2007, Harte 2011, White et al. 2012, Locey and White

2013, Connolly et al. 2014). I have compiled the largest species abundance distribution dataset

ever evaluated and used it to both compare a suite of different models for the SAD and to evaluate

whether a particular process can be detected as dominant in structuring a large set of SADs.

In general, I found that it is difficult to infer process from species abundance distributions alone. Part

of the difficulty in identifying pattern generating mechanisms from species abundance distributions

is due to the fact that multiple mechanisms have been proposed for each formulation of the species

abundance distribution. In other words, it is possible for different processes to yield exactly

equivalent models (Pielou 1975, McGill et al. 2007). Subsuming some of these differences into

broad categories such as neutral or non-neutral (sensu Connolly et al. 2014) may make it possible to

draw inferences on general categories of models. However, my results suggest that it may be difficult

to distinguish among even these broad categories of models and their associated distributions, at

least in terrestrial systems. In combination with the results of Connolly et al. (2014), this suggests

that, in terrestrial systems, there may not be one single suite of processes that have equal importance

in all communities, i.e., non-neutral processes may be more important in some communities, but

not in others.

Using the largest compliation of species-abundance distributions ever assembled helps to mitigate a

potentially important confounding factor when trying to identify pattern generating mechanisms:

non-biological variation among samples (sampling intensity, spatial scale, etc.) vs. biological

differences. Applying data from different taxonomic groups and from different geographic regions

assists in removing some of the uncertainty relating to non-biological data differences through

covering a range of sampling intensities and scales of collection. When results are consistent across

1



datasets using very different sampling approaches, as they were in this study, it provides confidence

that methodological differences were not crucial in determining the results (White et al. 2012).

Thus, the agreement in results among these different datasets strongly suggests that biological

differences exist between marine vs. terrestrial in the dominance of non-neutral processes. Without

a breadth of data in both my study and that of Connolly et al. 2014, it would have been difficult to

differentiate biological from non-biological differences in the systems.

A traditional approach to scientific research is to identify general patterns, then pattern generating

mechanisms (process), then use those processes to generate predictions. While this has been the

traditional approach, pattern to process to prediction, identification of process may not be necessary

for prediction in some cases. It may be possible to generate robust ecological predictions from

general patterns without specific knowledge of the pattern generating mechanisms (Harte et al.

2008, Frank 2009, 2014, Harte 2011, Locey and White 2013). If true, this would mean that process

and prediction may be two separate research goals (McGill and Nekola 2010, Perretti et al. 2013).

One criticism of the macroecological approach is that it attempts to replace natural history and field

experimentation with entirely computational and observational approaches to experimentation. The

increasing amount of data and computational power creates new opportunities to address major

ecological questions in a new way. However, while computational techniques and large datasets are

a powerful tool for ecology, they are not a panacea. Rather, the macroecological research program

addresses different questions from a different perspective than those of traditional ecology, and thus

both approaches are vital to continue in the search for pattern generating mechanisms in ecology.

References

Connolly, S. R., M. A. MacNeil, M. J. Caley, N. Knowlton, E. Cripps, M. Hisano, L. M. Thibaut, B.

D. Bhattacharya, L. Benedetti-Cecchi, R. E. Brainard, and others. 2014. Commonness and rarity in

the marine biosphere. Proceedings of the National Academy of Sciences:8524–8529.

2



Frank, S. A. 2009. The common patterns of nature. Journal of evolutionary biology 22:1563–1585.

Frank, S. A. 2014. Generative models versus underlying symmetries to explain biological pattern.

Journal of evolutionary biology 27:1172–1178.

Harte, J. 2011. Maximum entropy and ecology: a theory of abundance, distribution, and energetics.

Oxford University Press.

Harte, J., T. Zillio, E. Conlisk, and A. Smith. 2008. Maximum entropy and the state-variable

approach to macroecology. Ecology 89:2700–2711.

Locey, K. J., and E. P. White. 2013. How species richness and total abundance constrain the

distribution of abundance. Ecology letters 16:1177–1185.

McGill, B. J., and J. C. Nekola. 2010. Mechanisms in macroecology: aWOL or purloined letter?

towards a pragmatic view of mechanism. Oikos 119:591–603.

McGill, B. J., R. S. Etienne, J. S. Gray, D. Alonso, M. J. Anderson, H. K. Benecha, M. Dornelas,

B. J. Enquist, J. L. Green, F. He, and others. 2007. Species abundance distributions: moving

beyond single prediction theories to integration within an ecological framework. Ecology letters

10:995–1015.

Perretti, C. T., S. B. Munch, and G. Sugihara. 2013. Model-free forecasting outperforms the correct

mechanistic model for simulated and experimental data. Proceedings of the National Academy of

Sciences 110:5253–5257.

Pielou, E. 1975. Ecological diversity. Wiley, New York.

White, E. P., K. M. Thibault, and X. Xiao. 2012. Characterizing species abundance distributions

across taxa and ecosystems using a simple maximum entropy model. Ecology 93:1772–1778.

3


	Summary and conclusions
	References

