Draft proposal: 

Ecophylogenetics: Using phylogenies in ecology

Ecophylogenetics: Using evolutionary history to test ecological hypotheses

Phylogenies and ecology: Ecophylogenetic hypothesis testing [I am leaning towards this one]

By: Marc W. Cadotte, T. Jonathan Davies and Steven W. Kembel

Description
Reconstructing evolutionary history by estimating phylogenetic relationships has revolutionized the biological sciences by helping biologists understand the origin of species and evolution of suites of traits. Now phylogenetic information is revolutionizing ecology by providing ecologists new ways to estimate the relative similarities and differences among species as well as provide a deeper, evolutionary-based, understanding of the origin of species niches. This emerging field of ecophylogenetics has seen a rapid rise in methodology, often statistically and computationally demanding, but ecophylogenetic information provides the basis of entirely new hypotheses to be tested. This book will serve as a primer to the next generation of ecologists wishes to master ecophylogenetic methodology.

This book systematically covers all the main areas of current ecophylogenetic methodology, hypothesis testing and inference. The focus of the chapter will be on extracting phyloegentic information for the purposes of hypothesis testing and specifically the statistical methods and necessary null models required for meaningful inferences to be made. The methods presented in the various chapters will be united by examples using real-world data. Further, the examples will be analyzed using the open-source programming language, R, with all examples available via online supplements. Most of the analysis required for these examples will come from two forthcoming R packages, both of which include the authors as co-authors, Picante (Kembel) and ecoPD (Cadotte and Davies).

Outline
1. Introduction: What evolutionary history can tell us about ecology. 

1.1.
The Origins –Understanding modern species ranges and patterns of coexistence started with viewing ecological patterns a part of the evolutionary process. Darwin viewed such ecological patterns things to be explained by evolution. Here we review the early evolutionary approaches to the study of ecological patterns

1.2.
‘Correcting’ ecological comparisons –The first rigorous use of phylogenetic information in ecology was as a method to account for species covariance in multi-species comparisons. Harvey & Pagel. Talk about debate Westoby et al. 1995 vs Harvey et al. 1995 in J. Ecol.

1.3.
The emergence of ecophylogenetics –The use of phylogenetic information in ecology changed in 2000 with the publication of Webb’s Am Nat paper. This section discusses this new approach and what questions are trying to be answered (community assembly, coexistence, invasions, etc.). Examine publication trends through time.

1.4. 
What this book does –Here discuss what the various chapter will do and introduce concepts like hypothesis testing, null models, etc.

2. Reconstructing phylogenetic relationships: What goes in and what comes out. 

2.1. Handling phylogenies in R –How do you load a phylogeny into R? We will review the package ape and the forthcoming phylobase. We will describe how R stores trees and how to extract different types of information from tree objects.

2.2. Methods for ecologists to infer evolutionary history –Here we review the methods to obtain of phylogenetic hypothesis of evolutionary relationships. We will discuss using published trees, creating super trees, using molecular data, and the limitations of using unresolved trees.

2.3. Molecular methods –This section will review the basic methodology to create a tree from publicly available gene sequences. Inlcuded will be discussions of sequence alignment, inferring models of nucleotide substitution, and phylogenetic analysis, both maximum likelihood and Bayesian estimation.

2.4. Tree scaling –What do branch lengths mean? We will examine if and how to scale the tree using ultrametric rate smoothing or dating methods.

3. Phylogenetic relationships within communities: Inferring mechanisms of ecological assembly based on phylogenetic distances. 

3.1. Measuring phylogenetic distances among species –We will review all the major phylogenetic distance measures to discribe patterns of community relatedness.

3.2. Quantifying phylo-diversity –Methods to quantify community diversity including total phylogenetic diversity, Rao’s quadratic, Simpson’s index incorporating phylogenetic diversity and entropic diversity indices.

3.3. Adding in abundances –The previous measures used species presence and absences to calculate community phylogenetic diversity patterns. Here we review methods that incorporate the abundance distributions of communities.

4. Null models and hypothesis testing 

4.1. Null modeling for beginners –The history and basics of using null models to test for community patterns.

4.2. Constraining null models: finding meaningful comparisons –Unconstrained null models can be difficult to interpret. Here we discuss strategies to producing informative null models, such as preserving species occupancy patterns or community richness patterns.

4.3. How to incorporate abundances –Should abundances be considered in null models? What if you want to infer something about abundance distributions? Here we examine null models of abundance including log-normal, broken-stick and neutral models.

4.4. Taking the pool seriously –Here we review how statistical power can be affected by inappropriate species pool used in null models.

5. Phylogenetic diversity across space and time: The distribution of phylogenetic information across spatial and temporal gradients. 

5.1. Searching patterns across scales –Here we examine how the scale of observation could influence results. A scale explicit approach may uncover different processes operating at different scales, such as environmental clustering at larger scales and niche partitioning at smaller ones.

5.2. Measuring phylogenetic similarity –Methods to measure phylogenetic similarities among habitats and communities.

5.3. Phylobetadiversity: measuring phylogenetic turnover –When we copare communities across space or environmental gradients, measures of phylobetadiversity can tell us whether close relatives are swapping or if there is turnover among deeper lineages.

6. Trait reconstruction: The evolution of traits and resulting ecological patterns. 

6.1. Methods to detect phylogenetic signal –We will examine several commonly used techniques (PIC, Blomberg’s K, etc.) to determine if traits are more similar among close relatives than distantly related ones.

6.2. Reconstructing ancestral traits –We review method to reconstruct ancestral trait states.

6.3. Inferring ancestral niches and current patterns –Here we examine example data sets and show how understanding how phylogenetic traits patterns can aid understanding the biogeographic origins of modern ecosystems.

7. Phylogenetic biogeography: Understanding the origin of diversity gradients. 

JD –can you list subheadings?

8. Deep history and modern ecological patterns: How phylogenetic structure can help us understand modern patterns. 

Topology and imbalance… JD –can you list subheadings?

9. Evolutionary history to understand invasions and host switching in diseases. 

9.1. Invasions in ecological and evolutionary time –We will look at examples of modern invasions, such as North American grassland invasions and evolutionary invasions, such as the formation of the Isthmus of Panama and the subsequent merging of avian biotas. We will show how phylogenetically non-random patterns help us to understand why certain groups invaded and what this tells us about the invaded communities.

9.2. Phylogenetic relatedness and invader success –How does relatedness influence success? We will look at large-scale exotic occupancy patterns as test if successful exotic species are likely to be closely related to other successful exotics.

9.3. Disease sharing among related species and the invasion of a new host –JD

10. Using phylogenetic information to make better conservation decisions. 

10.1. Quantifying distinctiveness –We will review the classic methods of calculating the evolutionary distinctiveness (ED) of species. Methods include Vane-Wright’s taxonomic distinctiveness, Isaac et al. ED measure and Redding et al.’s evolutionary splits.

10.2. Analyzing hotspots of phylogenetic diversity –We will look at ED and PD methods to delineate geographical hotspots.

10.3. Conservation biogeography incorporating phylogeny and range size –We will use abundance-weighted measures (introduced in Chapter 3) to estimate regional conservation value.

11. Appendix: R primer. 

Introduction to R and programming in an object-oriented language. 

12. Glossary

Important technical terms. 

13.  References

14. Index

Book make-up
This book will include numerous, data-driven examples, and will include all R code so that the reader can run the various analyses. The book will also include numerous color and grey-scale figures, providing visualization of the various tests. This book will also include an appendix that provides an R tutorial, helping the reader familiarize themselves with the syntax and logic of R. Also included will be a list of references and a glossary, to aid the reader in understanding technical terminology.

Further, we aim to make R code and data available through online supplements, either through the publishers’ (preferable) or authors’ websites. This will allow readers to reproduce and modify the analyses presented in the book.

Competition
There really is no direct competition for this book as it will be the first that lays out ecophylogenetic methodology. There are three main types of books that actually complement the proposed book. The first, and most important is Analysis of Phylogenetics and Evolution with R, by Emmanuel Paradis (2006, Springer), which is a user manual for the R package, APE. This package is widely used to import phylogenies into R objects, where information for statistical testing can be extracted. The main foci of this book includes using phylogenetic information in R, estimating and visualizing phylogenies, and analyzing evolutionary trends. We will cover some of this information in the first two chapters, as a precursor to performing ecophylogenetic analysis and will strongly recommend that the reader consult this book as well.

The second type of potentially complementary book includes those that cover, in detail, methods of phylogenetic reconstruction, including (Mathematics of Evolution and Phylogeny by Gascuel, 2007 –Oxford University Press; Inferring Phylogenies by Felsenstein, 2003 -Sinauer; The Phylogenetic Handbook by Salemi and Vandamme, 2003 –Cambridge University Press, and Phylogenetic Trees Made Easy by Hall, 2004 -Sinauer). These books cover, in much greater detail, some of the phylogenetic reconstruction methods highlighted in chapter 2, and the reader will be directed to these books if their aim is to become proficient in these methods. Our chapter 2 is meant to provide a basis for the reader for understanding the different types of phylogenetic methods and what kind of information is used and their strengths and weaknesses.

Finally, prior to the rise of ecophylogenetics, the primary use of phylogenies in ecology consisted of was in trying to account for unmeasured covariance between species when trying to correlate traits (for example plant height and seed mass). There are a number of methods to do this but all come down to incorporating species phylogenetic covariance into statistical models. The key book explaining these methods is The Comparative Method in Evolutionary Biology by Harvey and Pagel, 1991 (Oxford University Press).

Market

This book will be of use by numerous students and practicing ecologists. Because of the self-contained nature of this book, which covers the concepts and theory behind various tests, along with the statistical code and working examples to perform these tests, this book will be readily used for upper-level undergraduate or graduate courses. For these courses, it is will be self contained, covering both theoretical underpinnings and computer code and working examples to apply these statistical tests. This book will also be of great interest to practicing ecologists. As the field of ecophylogenetics rapidly increases in prominence, more scientists will want to learn these techniques.

