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Guillerme, T. 2018. Disprity: A Modular R Package For Measuring Disparity. Methods In
Ecology And Evolution introduces a significant advancement in the field of evolutionary biology
and ecological research by providing a versatile and modular R package designed to quantify
morphological and functional disparity among biological taxa. This innovative tool addresses a
critical need for standardized, flexible, and comprehensive methods to measure disparity, enabling
researchers to analyze morphological diversity across different datasets and evolutionary contexts
efficiently. The Disprity package emphasizes modularity, allowing users to customize their analyses
and incorporate various methods for measuring disparity, thus fostering broader applicability across
disciplines.

---

Understanding Disparity in Ecology and Evolution

What is Morphological Disparity?
Morphological disparity refers to the diversity or variability in physical forms and structures among
a group of organisms. It is a fundamental concept in evolutionary biology, providing insights into the
evolutionary processes that generate and maintain morphological diversity. Unlike species richness,
which counts the number of species, disparity focuses on the range and distribution of traits,
shedding light on the complexity and evolutionary pathways of lineages.

The Importance of Measuring Disparity
Accurate measurement of disparity allows researchers to:
- Track morphological evolution over time,
- Understand adaptive radiations,
- Identify patterns of convergence or divergence,
- Correlate morphological diversity with ecological variables,
- Inform conservation strategies by highlighting evolutionary uniqueness.

---

Overview of the Disprity R Package

Key Features and Capabilities
Disprity is designed to be a comprehensive tool that offers several features to facilitate disparity



analysis:
- Modularity: Users can select and combine different disparity metrics and methods tailored to their
datasets.
- Compatibility: Supports various data types, including continuous, discrete, and multistate
morphological characters.
- Visualization Tools: Provides functions for visualizing disparity through plots like disparity curves,
multidimensional scaling (MDS), and principal coordinate analysis (PCoA).
- Statistical Testing: Includes methods for statistical assessment of disparity differences among
groups or over time.
- Extensibility: Modular architecture allows for easy integration of new disparity measures and
methods.

Why Use Disprity?
The package simplifies complex disparity calculations and offers a unified platform, making analyses
more reproducible and comparable across studies. Its flexibility ensures that researchers can adapt
the tools to a wide range of research questions, from macroevolutionary studies to ecological trait
analyses.

---

Core Methodologies in Disprity

Disparity Metrics Implemented in Disprity
Disprity incorporates multiple quantitative measures to assess disparity, including:
- Range-based measures: such as the total range of traits.
- Variance-based measures: including variance and mean pairwise distances.
- Convex hull volume: capturing the multidimensional space occupied by taxa.
- Sum of variances: providing an aggregate measure of trait variability.
- Nearest neighbor distances: assessing how closely related traits are within a dataset.

Choosing the Right Disparity Measure
Selecting an appropriate measure depends on:
- The nature of the data (continuous, discrete, multistate),
- The specific research question,
- The scale and dimensionality of the traits,
- Whether the focus is on total disparity or localized differences.

Disprity's modular design allows users to compare multiple metrics within a single analysis,
facilitating robust interpretations.

---



Workflow for Disparity Analysis Using Disprity

Step 1: Data Preparation
- Assemble trait data in compatible formats (e.g., matrices or data frames).
- Standardize or transform traits if necessary.
- Prepare a phylogenetic tree or group labels if comparing disparity across lineages or time periods.

Step 2: Calculating Disparity
- Choose disparity metrics suitable for your data.
- Use Disprity functions to compute disparity measures across taxa or groups.
- For example, calculate the convex hull volume or variance within groups.

Step 3: Visualizing Disparity
- Generate plots like disparity curves over time or across groups.
- Use multidimensional scaling or principal coordinate analyses to visualize trait space occupation.
- Annotate plots with relevant taxonomic or temporal information.

Step 4: Statistical Testing and Interpretation
- Perform statistical tests to compare disparity between groups.
- Assess significance using permutation tests or bootstrap resampling.
- Interpret results in the context of evolutionary or ecological hypotheses.

---

Applications of Disprity in Ecological and Evolutionary
Research

Studying Morphological Evolution
Disprity enables researchers to quantify how morphological diversity has changed through
evolutionary history, providing insights into adaptive radiations, extinction events, and
morphological convergence.

Analyzing Functional Diversity in Ecology
Beyond morphology, the package can be applied to functional traits like feeding strategies,
reproductive modes, or physiological parameters, helping ecologists understand community
assembly and ecosystem functioning.



Comparative Analyses Across Taxa
Disprity facilitates comparisons among different taxonomic groups, revealing patterns of disparity
that may be linked to ecological specialization or evolutionary constraints.

Temporal Disparity Studies
By integrating fossil data and phylogenies, researchers can examine how disparity has fluctuated
over geological timescales, shedding light on macroevolutionary dynamics.

---

Advantages of Using Disprity Over Other Tools
- Flexibility: Supports a wide range of disparity measures and data types.
- Customizability: Modular functions allow tailored analyses.
- Integration: Compatible with other R packages like ape, phytools, and vegan.
- Reproducibility: Script-based workflows ensure reproducibility of results.
- Visualization: Built-in functions for effective data visualization.

---

Limitations and Future Directions
While Disprity represents a significant step forward, some limitations include:
- Computational intensity with large datasets.
- Dependence on accurate trait data and phylogenies.
- Need for further development to incorporate additional disparity metrics or Bayesian approaches.

Future updates may focus on:
- Enhanced visualization tools,
- Integration with phylogenetic comparative methods,
- User-friendly interfaces for broader accessibility.

---

Conclusion: The Significance of Disprity in Modern
Ecology and Evolution
Disprity, as introduced by Guillerme in 2018, offers an innovative, flexible, and comprehensive
approach to measuring disparity in ecological and evolutionary studies. Its modular architecture
empowers researchers to tailor analyses to their specific datasets and questions, fostering deeper
insights into the patterns and processes that shape biological diversity. By providing robust
statistical tools and visualization capabilities, Disprity enhances the capacity to explore
morphological and functional disparity across spatial, temporal, and taxonomic scales. As the field
continues to evolve, tools like Disprity will be instrumental in advancing our understanding of the



complexity and dynamism of life’s diversity, making it an essential resource for ecologists,
evolutionary biologists, and conservation scientists alike.

---
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Frequently Asked Questions

What is the primary purpose of the Disprity R package
introduced by Guillerme (2018)?
Disprity is designed to provide a modular framework for measuring and analyzing morphological
disparity within ecological and evolutionary studies.

How does the Disprity package improve upon existing methods
for disparity analysis?
Disprity offers flexible, modular functions that allow users to customize disparity measurements,
handle different data types, and integrate various dissimilarity metrics, enhancing versatility and
reproducibility in disparity studies.

What types of data can be analyzed using the Disprity
package?
Disprity can analyze various morphological data types, including continuous traits, discrete
characters, and high-dimensional datasets, making it applicable across diverse morphological
datasets in ecology and evolution.

Can Disprity be integrated with other R packages for
comprehensive evolutionary analyses?
Yes, Disprity is designed to be compatible with other R packages, enabling users to incorporate
disparity measurements into broader analytical workflows, such as phylogenetic comparative
methods and multivariate analyses.

What are some key features of the Disprity package
highlighted by Guillerme (2018)?
Key features include its modular design, customizable disparity metrics, ease of use, and its capacity
to handle complex datasets, facilitating robust morphological disparity assessments in ecological and
evolutionary research.



Additional Resources
Disparity: A Modular R Package For Measuring Disparity by Guillerme, T. (2018) offers a significant
advancement in the field of macroevolutionary studies and morphological analysis by providing a
flexible, user-friendly tool for quantifying disparity within biological groups. This article not only
introduces the package but also contextualizes its importance within the broader scope of
evolutionary biology, demonstrating how it addresses previous limitations in disparity measurement
and facilitating more nuanced comparisons across datasets. As a comprehensive review, this
discussion delves into the motivations behind the package’s development, its core functionalities,
methodological considerations, and its potential applications and limitations, offering a detailed
perspective on its contribution to the scientific community.

---

Introduction to Disparity and Its Significance in
Evolutionary Biology

Understanding Morphological Disparity
In evolutionary biology, disparity refers to the extent of morphological variation within a group of
organisms. Unlike diversity, which emphasizes the number of species or taxa, disparity focuses on
the range and distribution of physical traits. Quantifying disparity allows researchers to explore
patterns of morphological evolution, adaptive radiations, and the developmental or ecological
constraints shaping phenotypic diversity.

The Need for Effective Disparity Measurement Tools
Historically, measuring disparity involved manual or semi-quantitative methods, often limited by the
complexity of morphological data and the lack of standardized metrics. As datasets grew more
complex—incorporating high-dimensional morphometric data—there was an urgent need for
computational tools that could handle this complexity efficiently, offering flexibility, reproducibility,
and robust statistical foundations. The development of the Disprity package responds directly to this
need, providing a modular framework compatible with R, the dominant statistical environment in
ecology and evolutionary biology.

---

The Guillerme (2018) Disprity Package: An Overview

Motivation and Objectives
Guillerme (2018) aimed to create a versatile R package that simplifies the process of disparity
analysis. The package is designed to accommodate various types of morphological data, support



multiple disparity metrics, and allow seamless integration within existing R workflows. Its modular
structure enables users to customize analyses according to their specific hypotheses and dataset
characteristics, thereby expanding the analytical possibilities in disparity research.

Key Features and Innovations
- Modularity: Disprity's architecture permits users to select different disparity metrics and customize
workflows.
- Compatibility: It integrates easily with other R packages for morphometrics, phylogenetics, and
statistical analysis.
- Multiple Disparity Metrics: Supports a range of measures, including sum of variances, mean
pairwise distances, and others, to capture different aspects of morphological variation.
- Visualization Tools: Provides functions for plotting disparity through time or across groups, aiding
interpretability.
- Handling of High-dimensional Data: Capable of working with complex morphometric datasets,
including geometric morphometrics.

---

Core Methodologies and Metrics in Disprity

Disparity Metrics Implemented in the Package
Guillerme’s Disprity encompasses several key metrics, each capturing different facets of
morphological variation:

- Sum of Variances (Total Variance): Summarizes the overall morphological spread within a group,
sensitive to the total amount of disparity.
- Mean Pairwise Distances: Calculates the average Euclidean distance between all pairs of
specimens, reflecting average morphological divergence.
- Median Pairwise Distances: Similar to the mean but less affected by outliers, useful for skewed
distributions.
- Convex Hull Volume: Measures the multidimensional space occupied by the group, providing an
estimate of morphological occupied landscape.
- Morphological Disparity Indices based on PCA: Uses principal component analysis (PCA) to reduce
dimensionality and compute disparity within principal component space, facilitating interpretation in
reduced axes.

Each of these metrics offers unique insights, and Guillerme emphasizes the importance of selecting
appropriate measures based on research questions and data characteristics.

Data Handling and Preprocessing
The package is designed to work with diverse forms of morphological data, including:

- Raw landmark coordinates (geometric morphometrics)



- Distance matrices from shape analyses
- Discrete character data

Preprocessing steps such as Procrustes superimposition, PCA, and data normalization are supported
through integration with other R packages like 'geomorph', ensuring that users can prepare their
datasets appropriately before disparity calculations.

---

Application and Use Cases of Disprity

Analyzing Morphological Disparity Across Clades and Time
One of the primary applications of Guillerme’s package is in macroevolutionary studies examining
how morphological variation accumulates or diminishes across evolutionary timelines. Researchers
can:

- Compare disparity among different clades or lineages
- Assess disparity dynamics through stratigraphic layers or geological time intervals
- Identify periods of rapid morphological change or stasis

By plotting disparity metrics through time, scientists can infer patterns of adaptive radiations,
extinction events, or morphological conservatism.

Comparative Morphology and Ecological Studies
Disprity enables detailed comparisons between groups differing in ecology, behavior, or
developmental pathways. For example, it can help test hypotheses such as whether aquatic
mammals exhibit higher disparity than terrestrial counterparts, or if specialized feeding strategies
correlate with increased morphological variation.

Integration with Phylogenetics
The package supports analyses within a phylogenetic context, allowing researchers to incorporate
evolutionary relationships into disparity assessments. This facilitates the investigation of how
disparity correlates with phylogenetic divergence and the detection of heterogeneity in
morphological evolution.

---

Methodological Considerations and Best Practices



Choosing Appropriate Disparity Metrics
Selecting the right metric depends on the research aim:

- Total Variance: suitable for overall disparity magnitude
- Pairwise Distances: useful for average divergence
- Convex Hull Volume: ideal for spatial occupation analyses
- Principal Component-Based Measures: effective when dealing with high-dimensional data

It is recommended to perform multiple metrics to gain comprehensive insights and to consider data
quality and sample size effects.

Sample Size and Bias Correction
Disparity measures are sensitive to sample size; small samples may underestimate true disparity.
Guillerme discusses methods for bias correction, such as rarefaction or bootstrapping, which can be
implemented within the package or through auxiliary R functions.

Handling High-Dimensional Data
High-dimensional morphometric data may introduce noise or computational challenges. PCA or
other dimension-reduction techniques help mitigate these issues, and the package’s compatibility
with these methods simplifies workflow.

---

Advantages and Limitations of the Disprity Package

Strengths
- Flexibility: Modular design supports diverse datasets and research questions.
- Integration: Compatible with a suite of morphometric and phylogenetic R packages.
- Accessibility: User-friendly for those familiar with R, with clear documentation.
- Reproducibility: Encourages standardized disparity analyses, facilitating comparison across
studies.
- Handling Complex Data: Supports geometric morphometric datasets and high-dimensional data.

Limitations and Challenges
- Learning Curve: Requires familiarity with R and morphometric data preprocessing.
- Sensitivity to Data Quality: Disparity measures depend on accurate and well-preprocessed data.
- Sample Size Dependence: Small samples can bias results; corrections may be necessary.
- Limited to Morphological Data: Does not directly incorporate genetic or functional data, although
these can be integrated indirectly.



---

Future Directions and Potential Improvements

Guillerme (2018) highlights avenues for further development, including:

- Incorporating additional disparity metrics tailored for specific datasets.
- Enhancing visualization tools for more intuitive interpretation.
- Developing methods for disparity estimation in the context of missing data or uneven sampling.
- Expanding functionalities to integrate ecological or environmental data, enabling multi-layered
disparity analyses.

As the field of disparity research evolves, the modular design of Disprity positions it well for
continual updates and community-driven improvements.

---

Conclusion: Significance and Impact of Guillerme
(2018)

Guillerme’s Disprity represents a significant contribution to evolutionary biology and morphometrics
by providing a comprehensive, flexible, and accessible tool for disparity analysis. Its modular
framework empowers researchers to perform nuanced, robust assessments of morphological
variation, facilitating deeper insights into macroevolutionary patterns, developmental constraints,
and adaptive landscapes. As morphological datasets become increasingly complex and integral to
evolutionary studies, tools like Disprity will be essential for advancing scientific understanding and
fostering reproducibility in disparity research.

With ongoing developments, community adoption, and integration with other analytical frameworks,
Disprity is poised to influence future research in evolutionary morphology, comparative studies, and
beyond. Its emphasis on transparency, flexibility, and methodological rigor underscores its value as
an indispensable resource for researchers aiming to unravel the intricacies of phenotypic evolution.
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