
 

Macroecology: A Comprehensive 

Overview 

 

Definition and Scope 

Macroecology is the study of ecological patterns and processes at very large spatial and 

temporal scales eolss.net . It adopts a “top-down” perspective, focusing on emergent statistical 

regularities in species’ distributions, abundances, and diversity across regions rather than the 

finer details of local interactions en.wikipedia.org . A central tenet is that, despite ecological 

complexity, broad systems exhibit underlying order (e.g. predictable diversity gradients) that 

can be revealed through statistical patterns en.wikipedia.org . The term was introduced by 

Sarmiento & Monasterio (1971) and popularized by Brown & Maurer (1989), who defined 

macroecology as “…a non-experimental, statistical investigation of the relationship between 

the dynamics and interactions of species populations … and [processes] of speciation, 

extinction and … range expansion and contraction” on much larger scales eolss.net . In this way, 

macroecology bridges community ecology and biogeography/macro-evolution, asking how 

large-scale processes (like speciation, dispersal, and climate history) generate the patterns 

we see in biodiversity eolss.net . 

Foundational Principles and Concepts 

Macroecology is built on a set of classic large-scale patterns and scaling relationships: 

 Species–Area Relationship (SAR): Larger areas tend to harbor more species. 

Empirically this often follows a power-law (e.g. S =cAz) en.wikipedia.org . SARs arise because 

bigger regions include more habitats and lower extinction rates, and they underpin 

estimates of extinction due to habitat loss. 

 Biodiversity Gradients: The most famous is the latitudinal diversity gradient – 

species richness increases toward the tropics en.wikipedia.org . Elevational gradients are 

analogous, with diversity peaking at mid-elevations in many groups. Explaining these 

gradients 

(climate stability, energy availability, historical area, etc.) remains a key focus en.wikipedia.org . 
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Species Abundance Distributions (SADs): Within communities, abundances are highly 

skewed: most species are rare and only a few are common. This yields a “hollow-curve” 

histogram on a log scale deepblue.lib.umich.edu . Models like the log-normal or log-series 

describe this pattern, which reflects processes of niche partitioning or neutral dynamics. 

 Scaling Laws: Macroecology finds many power-law and allometric relationships. For 

example, metabolic theory predicts that an organism’s metabolic rate scales with body 

size (roughly mass^3/4), linking individual physiology to population and ecosystem 

patterns hahana.soest.hawaii.edu . Similarly, population density often scales inversely with body 

size, and other quantities (like range size or home range) scale predictably. These 

universal scaling laws imply constraints on diversity and energy flow across scales 

hahana.soest.hawaii.edu . 

Each of these concepts represents a pillar of macroecology, reflecting how geometry, 

climate, and evolution combine to shape broad biodiversity patterns. 

Methodological Approaches 

Macroecologists leverage big data and statistical modeling to study large-scale patterns. 

Common approaches include: 

 Large-scale biodiversity data: Researchers use global occurrence and inventory datasets 

(e.g. GBIF, OBIS, BIEN, museum and herbarium records, eBird citizen-science records, 

IUCN and BirdLife range maps) ecography.org . These databases hold billions of species 

occurrence records (GBIF alone has ~1.8 billion) ecography.org . Environmental data (e.g. 

climate surfaces, remote-sensing vegetation indices) are combined to provide 

explanatory variables. 

 Statistical analysis: Analyses typically employ spatial statistics, generalized 

linear/additive models, and multivariate techniques to relate species richness or 

diversity to predictors. Null-model tests (randomizations that control for sampling) are 

used to assess whether observed patterns deviate from chance. Bayesian and 

hierarchical models allow inclusion of uncertainty and multi-scale effects, while 

machine-learning 

(e.g. boosted regression trees, random forests) is increasingly used for pattern 

discovery. 
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Modeling strategies: Macroecological models range from correlative Species 

Distribution Models (SDMs) to process-based community models. SDMs (using 

algorithms like MaxEnt or ensemble methods) predict where species can live based on 

climate, and stacking them produces richness maps. Mechanistic approaches include 

metacommunity and neutral models that simulate speciation, dispersal and extinction 

over landscapes. These models are also used predictively – for example, projecting 

future range shifts under climate scenarios. 

In practice, researchers carefully address biases (uneven sampling, spatial autocorrelation) 

and often use null or neutral models as baselines. The integration of phylogenetic and trait 

data is also growing, allowing phylogenetic macroecology and trait macroecology analyses. 

Major Research Areas and Questions 

Current macroecological research tackles several broad themes: 

 Global Biodiversity Patterns: Mapping and explaining the uneven distribution of life 

on Earth. Key patterns include latitudinal and elevational diversity gradients, biodiversity 

hotspots and endemism regions, and differences between terrestrial, freshwater and 

marine realms en.wikipedia.org en.wikipedia.org . Understanding how and why species richness 

peaks in some areas (e.g. tropical rainforests, mountain chains) and how these patterns 

have changed over time (paleodiversity trends) is central. 

 Drivers of Species Richness: Investigating what controls richness and diversity. Major 

candidates are climate (temperature, precipitation, productivity), area and landmass 

history, habitat heterogeneity, and evolutionary history (time for diversification). For 

example, productivity-energy hypotheses posit that higher resource availability in the 

tropics supports more species. Disentangling these factors – for instance, separating 

climatic effects from geometric constraints (like the mid-domain effect) – is a continuing 

question in macroecology en.wikipedia.org . (Indeed, explaining the latitudinal gradient has 

been called “one of the great challenges” in biogeography/macroecology en.wikipedia.org .) 

  Biogeographical and Ecogeographical Rules: Testing rules that link species traits or 

ranges to geography. Classic examples are Bergmann’s rule (larger body sizes at higher 

latitudes) and Rapoport’s rule (species’ latitudinal range size increases toward poles). 

Macroecologists examine these “ecogeographic” rules across taxa to see how universal 
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they are, and what mechanisms (thermoregulation, niche breadth, climatic variability) 

underlie them eolss.net . 

Global Change Impacts: Assessing how anthropogenic changes affect biodiversity 

patterns. This includes predicting how climate change will shift species distributions and 

alter richness patterns, and quantifying biodiversity loss from deforestation and landuse 

change. For example, macroecological modeling is used to forecast which regions and 

taxa are most at risk under future warming. Interactions with human-driven factors 

(invasive species spread, habitat fragmentation) are also studied under this umbrella 

en.wikipedia.org . 

Each of these areas blends pattern description with hypothesis testing. For instance, 

macroecologists use comparative analyses and experiments (when possible) to ask why 

some regions (or times) have more species than others, and how predictable these patterns 

are under new conditions. 

Notable Researchers and Institutions 

Prominent figures and groups in macroecology include: 

 James H. Brown (Univ. New Mexico, USA) – Often called a pioneer of macroecology, 

Brown co-authored the seminal Science paper (Brown & Maurer 1989) that framed the 

field eolss.net . He also developed the Metabolic Theory of Ecology linking body size and 

temperature to ecological patterns. 

 Kevin J. Gaston (Univ. of Sheffield, UK) – Co-author of the authoritative textbook 

Macroecology: Concepts and Consequences (2000) en.wikipedia.org . Gaston’s work has 

advanced understanding of large-scale biodiversity patterns and the role of energy and 

climate. 

 Brian J. McGill (Univ. of Arizona, USA) – Known for synthesis of species-abundance 

patterns and diversity metrics. For example, McGill et al. (2007) reviewed species– 

abundance distributions across ecosystems deepblue.lib.umich.edu . McGill is also active in 

examining scaling in ecology and the use of big data. 

 Other influential names: Robert J. Whittaker (Cardiff Univ.) studied elevational and 

latitudinal diversity; Norman Myers identified global biodiversity hotspots; Mark Vellend, 
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Richard J. Ladle, Tim Blackburn, and Huijie Qiao have all contributed to macroecological 

theory and analysis. 

Leading research centers: The University of Copenhagen’s Center for Macroecology, 

Evolution and Climate (Denmark) is a major hub, blending ecology with climate science. 

The German Centre for Integrative Biodiversity Research (iDiv, Leipzig, Germany) hosts a 

Macroecology & Society team using large datasets. Other active groups are found at 

institutions such as NCEAS (Santa Barbara, USA), University of Michigan (USA), 

University of Gothenburg (Sweden), and University of Sheffield (UK). These centers often 

lead international collaborations and training in macroecology. 

(For more names and labs, see textbooks such as Brown Macroecology (1995) and Gaston & 

Blackburn (2000) eolss.net en.wikipedia.org .) 

Applications and Implications 

Macroecological research has important applications in conservation and global-change 

science: 

 Conservation Planning: By revealing where diversity and endemism are highest, 

macroecology helps prioritize regions for protection. Concepts like species–area 

relationships allow estimation of extinction rates from habitat loss. Global richness maps 

inform biodiversity hotspots frameworks and reserve design. A macroecological 

understanding of diversity patterns underpins international conservation targets. 

 Climate Change and Global Change: Macroecological models are used to forecast 

how climate warming will shift species ranges and alter biodiversity patterns. This 

informs assessments like the IPCC and IPBES, projecting potential losses or gains of 

species in different regions. Macroecology also addresses how changes in land use or 

fragmentation will impact global diversity. 

 Disease and Invasive Species Ecology: Large-scale patterns of host or vector species 

can predict the spread of diseases (e.g. malaria, zoonoses) and invasive organisms. 

Macroecologists study how climate and habitat influence pathogen ranges and how 

invasive species invade broad regions. Understanding these patterns is crucial for 

biosecurity and public health. 
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 Ecological Forecasting and Earth System Models: Macroecological insights are being 

integrated into Earth system models to link biodiversity with processes like carbon and 

nutrient cycling. For example, knowing broad-scale trait distributions can improve how 

models represent vegetation and animal impacts on climate. These forecasts of 

ecosystem change are vital for policy and resource management. 

In summary, macroecology informs management of biodiversity, ecosystems, and their 

responses to global change by providing broad-scale evidence and predictions. For instance, 

knowing the global biodiversity distribution is “essential for applied issues” such as invasive 

species control, disease management, and gauging climate-change effects on biodiversity 

en.wikipedia.org . 

Current Trends and Debates 

Macroecology is a dynamic, rapidly evolving field with several emerging directions and 

ongoing debates: 

 Integration with Macroevolution: Increasingly, macroecologists combine 

phylogenetic and fossil data with spatial patterns. This eco-evolutionary 

macroecology asks how speciation and extinction history shape present diversity. For 

example, a recent study on ants synthesized global range data and phylogenies to show 

that the tropical diversity gradient is driven by historical accumulation of lineages 

(tropical niche conservatism) rather than higher speciation rates in the tropics nature.com . 

Such work highlights the fusion of macroecology and macroevolution. 

 Big Data and New Technologies: The rise of big data (e.g. high-resolution remote 

sensing, eDNA, automated sensing networks) and data-science tools (machine learning, 

cloud computing) is transforming macroecology. Researchers now build predictive 

models on massive datasets, and citizen-science platforms continue to expand 

occurrence records. Open databases and reproducible workflows are increasingly 

emphasized. 

 Models and Methodological Debates: There are active debates on the best modeling 

approaches. For instance, stack-SDMs (stacking single-species models to get richness) 

versus hierarchical community models can yield different forecasts of diversity. The role 

of neutral (random) versus niche (deterministic) processes in generating patterns 

remains contentious. Macroecologists also debate the validity of proposed “laws” (e.g. 

https://en.wikipedia.org/wiki/Latitudinal_gradients_in_species_diversity#:~:text=Understanding%20the%20global%20distribution%20of,7
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mid-domain effect, metabolic scaling) and emphasize testing mechanisms behind 

patterns rather than treating patterns as given. 

 Interdisciplinary Connections: Macroecology is merging with Earth system science 

(linking biodiversity to climate and biogeochemistry), with paleoecology (using the 

fossil record to validate patterns), and with social sciences (examining how human 

activities impact global biodiversity). The field is also prominent in conservation science 

dialogues, given its relevance for global biodiversity strategy. As Brian McGill (2016) 

noted, macroecology is increasingly seen as “pivotal” for understanding conservation 

and global change. 

Overall, macroecology is broadening its scope (“mission creep” into evolution, conservation, 

paleontology) and embracing interdisciplinary methods, while still focusing on the core goal 

of explaining diversity at the largest scales. It continues to refine its theories and tools to 

predict how biodiversity will respond to our rapidly changing planet nature.com en.wikipedia.org . 

Sources: Foundational concepts and definitions are drawn from classic macroecology 

literature eolss.net en.wikipedia.org . Biodiversity patterns and trends are documented in reviews 

and large-scale analyses en.wikipedia.org en.wikipedia.org . Key examples and models are cited from 

empirical studies and syntheses deepblue.lib.umich.edu nature.com . The ecological significance 

(applications) is emphasized in works on climate change and biodiversity en.wikipedia.org . These 

sources illustrate the depth and breadth of current macroecological research. 
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