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A Primer of Ecological Statistics: Understanding Nature Through Numbers

a primer of ecological statistics opens the door to a fascinating world where numbers and nature
intertwine. Whether you’re an ecologist, a student, or simply a curious mind, grasping the basics of
ecological statistics can transform how you interpret data about ecosystems, biodiversity, and
environmental changes. This field blends statistical methods with ecological theory to unravel patterns
and processes in nature, making it essential for conservation efforts, resource management, and

environmental policy.

In this article, we’ll explore the core concepts, tools, and applications of ecological statistics. We’ll
touch on key techniques like species diversity indices, spatial analysis, and modeling population
dynamics. Along the way, you’ll discover how these insights help decode the complex interactions

within ecosystems and contribute to sustainable solutions.

What Is Ecological Statistics and Why Does It Matter?

Ecological statistics is a specialized branch of statistics focusing on data related to ecological systems.
It involves collecting, analyzing, and interpreting quantitative information about living organisms and
their environments. Unlike traditional statistics, this field often deals with complex, hierarchical data

characterized by spatial and temporal variability.

Understanding ecological statistics is crucial because ecosystems are inherently complicated. Variables
such as species abundance, distribution, and environmental factors are interdependent. Proper
statistical analysis helps ecologists identify trends, test hypotheses, and make predictions about

ecological phenomena with greater accuracy.

For example, by analyzing population data over time, researchers can detect if a species is declining



due to habitat loss or climate change. This knowledge then informs conservation strategies aimed at

protecting vulnerable species and habitats.

Key Concepts in a Primer of Ecological Statistics

1. Sampling and Data Collection

Before diving into statistical methods, it’s essential to understand how ecological data is gathered.
Ecological studies often rely on sampling because it’s impractical to measure every individual in an
ecosystem. Common sampling methods include:

e Quadrat Sampling: Placing a square frame in a habitat to count species within that area.

» Transect Sampling: Recording species along a line across a habitat.

e Mark-Recapture: Capturing, marking, releasing, and recapturing animals to estimate population

sizes.

Choosing the right sampling technique affects the quality and reliability of the data, which in turn

impacts the statistical analysis.

2. Species Diversity Indices

One of the fundamental goals in ecological studies is measuring biodiversity. Ecological statistics offers

various indices to quantify species diversity within a community:



¢ Shannon-Wiener Index: Accounts for both abundance and evenness of species.

* Simpson’s Diversity Index: Focuses on the probability that two individuals randomly selected

belong to different species.

* Species Richness: The simple count of different species present.

These indices help ecologists compare habitats, monitor changes over time, and assess the health of

ecosystems.

3. Spatial Analysis in Ecology

Ecological data is often spatially structured, meaning that observations closer together tend to be more
similar than those further apart. Techniques such as spatial autocorrelation and geostatistics analyze

patterns across landscapes.

Spatial analysis helps identify hotspots of biodiversity, understand species distribution patterns, and
study habitat fragmentation. Tools like GIS (Geographic Information Systems) integrate ecological

statistics with spatial data, revolutionizing how we visualize and interpret ecological phenomena.

Modeling Ecological Processes

Statistical modeling is at the heart of ecological statistics. Models can describe population growth,
species interactions, and ecosystem dynamics, providing valuable insights for prediction and

management.



1. Population Dynamics Models

Population models help explain how populations change over time due to birth rates, death rates,

immigration, and emigration. Common models include:

¢ Exponential Growth Model: Assumes unlimited resources leading to rapid population increase.

¢ Logistic Growth Model: Incorporates carrying capacity, showing how growth slows as resources

become limited.

¢ Metapopulation Models: Examine populations distributed across fragmented habitats.

These models are vital for predicting species survival under various environmental pressures.

2. Regression and Correlation Analyses

Regression techniques explore relationships between ecological variables. For instance, one might
investigate how temperature influences plant growth or how pollution levels correlate with species

diversity.

Simple linear regression, multiple regression, and generalized linear models (GLMs) are frequently
used. They help tease apart complex ecological relationships and identify key drivers of environmental

change.



3. Multivariate Analysis

Because ecological data often involves many variables simultaneously, multivariate techniques are
indispensable. Methods such as principal component analysis (PCA), canonical correspondence
analysis (CCA), and cluster analysis summarize data patterns and group species or sites based on

similarities.

These approaches allow ecologists to simplify complex datasets and generate hypotheses about

ecological processes.

Challenges and Tips When Working With Ecological Data

Ecological datasets can be messy and challenging to analyze due to:

* Missing Data: Field studies often have gaps or incomplete records.

¢ Non-independence: Spatial or temporal autocorrelation violates assumptions of many statistical

tests.

e Zero Inflation: Many ecological datasets have excess zeros (e.g., no sightings of a species),

requiring specialized models.

To tackle these challenges, ecologists recommend:

o Careful experimental design and adequate sample sizes.



¢ Using appropriate models that account for spatial or temporal structure.

¢ Employing data transformation or imputation techniques for missing values.

Moreover, software packages like R (with specialized libraries such as vegan and unmarked) provide

powerful tools tailored for ecological statistics.

Applications and Future Directions in Ecological Statistics

The role of ecological statistics extends beyond academic research. It underpins environmental impact
assessments, guides habitat restoration, and informs climate change mitigation strategies. Increasingly,
big data and machine learning are opening new frontiers, enabling the analysis of vast ecological

datasets from remote sensing, citizen science, and automated sensors.

By mastering a primer of ecological statistics, you gain the foundational skills to interpret these

complex datasets and contribute meaningfully to ecological understanding and conservation.

Whether you’re analyzing bird migration patterns, monitoring coral reef health, or modeling forest
dynamics, ecological statistics provides the language to translate observations into actionable

knowledge about our natural world.

Frequently Asked Questions

What is the main focus of 'A Primer of Ecological Statistics'?

The book focuses on providing an accessible introduction to statistical methods and analyses

commonly used in ecological research, helping ecologists to apply appropriate statistical techniques to



their data.

Which statistical software is primarily used in 'A Primer of Ecological

Statistics'?

The primer primarily uses R, a free and open-source statistical software, to demonstrate ecological

data analysis and statistical methods.

Does 'A Primer of Ecological Statistics’ cover multivariate statistical
methods?

Yes, the book includes coverage of multivariate statistical methods such as ordination and cluster
analysis, which are important for analyzing complex ecological data.

Is 'A Primer of Ecological Statistics' suitable for beginners in ecology?
Yes, the primer is designed for beginners and intermediate users, providing clear explanations and

practical examples to help readers understand and apply ecological statistics.

How does 'A Primer of Ecological Statistics' help in understanding
ecological data?

The book guides readers through the process of selecting appropriate statistical tests, interpreting
results, and understanding the assumptions behind methods, thereby improving the reliability and

validity of ecological data analysis.

Additional Resources

A Primer of Ecological Statistics: Understanding Nature Through Numbers

a primer of ecological statistics serves as an essential foundation for researchers, conservationists,



and environmental scientists striving to decode the complex interactions within ecosystems. As natural
habitats face unprecedented challenges from climate change, habitat destruction, and pollution, the
role of ecological statistics becomes increasingly critical in informing sustainable management and
conservation strategies. This article delves into the fundamental concepts, methodologies, and
applications of ecological statistics, providing a comprehensive overview for professionals and

enthusiasts alike.

The Role of Ecological Statistics in Environmental Science

Ecological statistics is the branch of statistics that deals specifically with the analysis of ecological
data. Unlike general statistical methods, ecological statistics must accommodate the unique
complexities of natural systems, such as spatial heterogeneity, temporal variability, and non-
independence among observations. These challenges necessitate specialized tools and approaches

that can accurately represent ecological processes.

By quantifying biodiversity, population dynamics, species interactions, and environmental gradients,
ecological statistics transforms raw observational data into actionable insights. For instance, population
viability analyses rely heavily on statistical modeling to predict species survival under various
scenarios. Similarly, community ecology studies employ multivariate statistical techniques to

understand species assemblages and their responses to environmental factors.

Key Concepts and Terminology

Understanding ecological statistics begins with familiarizing oneself with core concepts such as:

» Species Richness and Diversity: Measures that capture the number of species (richness) and

their relative abundances (diversity) within a community.



o Spatial Autocorrelation: The tendency for points close to each other in space to exhibit similar
ecological characteristics, which violates the assumption of independence in many traditional

statistical models.

e Temporal Dynamics: The fluctuations in ecological variables over time, often requiring time-series

analysis or models that incorporate temporal autocorrelation.

e Sampling Bias and Effort: The influence of how data are collected, which can affect the reliability

of statistical estimates.

These concepts underpin the interpretation of ecological datasets and guide the selection of

appropriate statistical methods.

Methodologies in Ecological Statistics

The diverse nature of ecological data demands an array of statistical techniques tailored to different
research questions and data structures. Below are some of the most commonly employed

methodologies.

Univariate and Multivariate Analyses

Univariate analyses focus on a single ecological variable, such as species abundance or biomass,
often using tools like t-tests, ANOVA, or regression models. These methods help identify significant

differences or relationships but may overlook complex interactions.

Multivariate analyses, including principal component analysis (PCA), non-metric multidimensional

scaling (NMDS), and cluster analysis, allow researchers to explore patterns involving multiple variables



simultaneously. For example, NMDS is widely used in community ecology to visualize differences in

species composition across sites.

Generalized Linear Models and Mixed-Effects Models

Ecological data often deviate from normal distributions, exhibiting count data, proportions, or
presence/absence records. Generalized linear models (GLMs) extend traditional linear models to

accommodate such data types by specifying appropriate error distributions (e.g., Poisson, binomial).

Moreover, mixed-effects models incorporate random effects to account for hierarchical or nested data
structures common in ecological studies, such as measurements taken across multiple locations or

time points. This flexibility improves model accuracy and inference.

Spatial and Temporal Modeling

Spatial statistics is vital for addressing spatial autocorrelation and mapping ecological phenomena.
Techniques like variogram analysis, kriging, and spatial autoregressive models enable researchers to

predict variables across landscapes and assess spatial patterns.

Temporal modeling, including autoregressive integrated moving average (ARIMA) models and state-

space models, helps analyze time-series data, capturing trends and cycles in ecological processes.

Applications and Challenges

The practical applications of ecological statistics are vast, ranging from habitat suitability modeling to
assessing the impacts of environmental change on biodiversity. For instance, species distribution

models (SDMs) combine species occurrence data with environmental predictors to forecast habitat



availability under future climate scenarios.

However, ecological statistics also face inherent challenges:

* Data Quality and Availability: Field data can be sparse, incomplete, or biased due to logistical

constraints.

e Complex Interactions: Ecological systems exhibit nonlinear and feedback mechanisms that are

difficult to capture fully with standard statistical models.

¢ Scale Issues: Patterns observed at one spatial or temporal scale may not hold at another,

complicating model interpretation.

Addressing these issues often requires integrating ecological theory with advanced statistical and

computational techniques.

The Impact of Technology and Software

Recent advances in computational power and software have revolutionized ecological statistics. Open-
source platforms such as R and Python offer extensive libraries tailored for ecological analysis,
including vegan, Ime4, and spdep packages in R. These tools facilitate complex modeling,
visualization, and reproducibility, empowering researchers to handle large datasets and sophisticated

analyses.

Moreover, machine learning algorithms are increasingly incorporated into ecological studies to identify

patterns and make predictions without relying solely on predefined models.



Future Directions and Emerging Trends

As ecological challenges intensify, the field of ecological statistics continues to evolve. Integrative
approaches combining genomics, remote sensing, and citizen science data are expanding the scope
and resolution of ecological datasets. This integration demands novel statistical frameworks capable of

managing heterogeneous data types and sources.

Furthermore, Bayesian statistics is gaining prominence due to its ability to incorporate prior knowledge
and quantify uncertainty more comprehensively. Such methods are particularly useful in conservation

decision-making, where data may be limited but the stakes are high.

In summary, a primer of ecological statistics reveals a dynamic and essential discipline that bridges
quantitative analysis with ecological understanding. Its nuanced methodologies and evolving tools are
indispensable for unraveling the complexities of natural systems and guiding effective environmental

stewardship.
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a primer of ecological statistics: A Primer of Ecology with R M. Henry Stevens, 2009-06-02
Ecology is more quantitative and theory-driven than ever before, and A Primer of Ecology with R
combines an introduction to the major theoretical concepts in general ecology with a cutting edge
open source tool, the R programming language. Starting with geometric growth and proceeding
through stability of multispecies interactions and species-abundance distributions, this book
demystifies and explains fundamental ideas in population and community ecology. Graduate
students in ecology, along with upper division undergraduates and faculty, will find this to be a
useful overview of important topics. In addition to the most basic topics, this book includes
construction and analysis of demographic matrix models, metapopulation and source-sink models,
host-parasitoid and disease models, multiple basins of attraction, the storage effect, neutral theory,
and diversity partitioning. Several sections include examples of confronting models with data.
Chapter summaries and problem sets at the end of each chapter provide opportunities to evaluate
and enrich one's understanding of the ecological ideas that each chapter introduces. R is rapidly
becoming the lingua franca of quantitative sciences, and this text provides a tractable introduction
to using the R programming environment in ecology. An appendix provides a general introduction,
and examples of code throughout each chapter give readers the option to hone their growing R
skills. The distinctive strength of this book is that truths are mostly not revealed but discovered, in
the way that R-savvy ecologists—empirical and theoretical—work and think now. For readers still
chained to spreadsheets, working through this book could be a revolution in their approach to doing
science. (Stephen P. Ellner, Cornell University) One of the greatest strengths...is the integration of
ecological theory with examples ... pulled straight from the literature. (James R. Vonesh, Virginia
Commonwealth University)

a primer of ecological statistics: Environmental and Ecological Statistics with R Song S.
Qian, 2009-08-19 Emphasizing the inductive nature of statistical thinking, Environmental and
Ecological Statistics with R connects applied statistics to the environmental and ecological fields. It
follows the general approach to solving a statistical modeling problem, covering model specification,
parameter estimation, and model evaluation. The author uses many exa
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1988-05-18 Ecological community data. Spatial pattern analysis. Species-abundance relations.
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2008-07-21 Introduction and background; Exploratory data analysis and graphics; Deterministic
functions for ecological modeling; Probability and stochastic distributions for ecological modeling;
Stochatsic simulation and power analysis; Likelihood and all that; Optimization and all that;
Likelihood examples; Standar statistics revisited; Modeling variance; Dynamic models.

a primer of ecological statistics: A Field Guide to the Ants of New England Aaron M.
Ellison, Nicholas J. Gotelli, Elizabeth J. Farnsworth, Gary D. Alpert, 2012-11-13 This book is the first
user-friendly regional guide devoted to ants—the “little things that run the world.” Lavishly
illustrated with more than 500 line drawings, 300-plus photographs, and regional distribution maps
as composite illustrations for every species, this guide will introduce amateur and professional
naturalists and biologists, teachers and students, and environmental managers and pest-control
professionals to more than 140 ant species found in the northeastern United States and eastern
Canada. The detailed drawings and species descriptions, together with the high-magnification
photographs, will allow anyone to identify and learn about ants and their diversity, ecology, life
histories, and beauty. In addition, the book includes sections on collecting ants, ant ecology and
evolution, natural history, and patterns of geographic distribution and diversity to help readers gain
a greater understanding and appreciation of ants.

a primer of ecological statistics: Ecological Statistics Gordon A. Fox, Simoneta
Negrete-Yankelevich, Vinicio J. Sosa, 2015 The application and interpretation of statistics are central
to ecological study and practice. Ecologists are now asking more sophisticated questions than in the



past. These new questions, together with the continued growth of computing power and the
availability of new software, have created a new generation of statistical techniques. These have
resulted in major recent developments in both our understanding and practice of ecological
statistics. This novel book synthesizes a number of these changes, addressing key approaches and
issues that tend to be overlooked in other books such as missing/censored data, correlation structure
of data, heterogeneous data, and complex causal relationships. These issues characterize a large
proportion of ecological data, but most ecologists' training in traditional statistics simply does not
provide them with adequate preparation to handle the associated challenges. Uniquely, Ecological
Statistics highlights the underlying links among many statistical approaches that attempt to tackle
these issues. In particular, it gives readers an introduction to approaches to inference, likelihoods,
generalized linear (mixed) models, spatially or phylogenetically-structured data, and data synthesis,
with a strong emphasis on conceptual understanding and subsequent application to data analysis.
Written by a team of practicing ecologists, mathematical explanations have been kept to the
minimum necessary. This user-friendly textbook will be suitable for graduate students, researchers,
and practitioners in the fields of ecology, evolution, environmental studies, and computational
biology who are interested in updating their statistical tool kits. A companion web site provides
example data sets and commented code in the R language.

a primer of ecological statistics: How to be a Quantitative Ecologist Jason Matthiopoulos,
2011-04-12 How to be a Quantitative Ecologist: The 'A to R' of Green Mathematics and Statistics
Ecological research is becoming increasingly quantitative, yet students often opt out of courses in
mathematics and statistics, unwittingly limiting their ability to carry out research in the future. This
textbook provides a practical introduction to quantitative ecology for students and practitioners who
have realised that they need this opportunity. The text is addressed to readers who haven't used
mathematics since school, who were perhaps more confused than enlightened by their
undergraduate lectures in statistics and who have never used a computer for much more than word
processing and data entry. From this starting point, it slowly but surely instils an understanding of
mathematics, statistics and programming, sufficient for initiating research in ecology. The book's
practical value is enhanced by extensive use of biological examples and the computer language R for
graphics, programming and data analysis. Key Features: Provides a complete introduction to
mathematics statistics and computing for ecologists. Presents a wealth of ecological examples
demonstrating the applied relevance of abstract mathematical concepts, showing how a little
technique can go a long way in answering interesting ecological questions. Covers elementary
topics, including the rules of algebra, logarithms, geometry, calculus, descriptive statistics,
probability, hypothesis testing and linear regression. Explores more advanced topics including
fractals, non-linear dynamical systems, likelihood and Bayesian estimation, generalised linear, mixed
and additive models, and multivariate statistics. R boxes provide step-by-step recipes for
implementing the graphical and numerical techniques outlined in each section. How to be a
Quantitative Ecologist provides a comprehensive introduction to mathematics, statistics and
computing and is the ideal textbook for late undergraduate and postgraduate courses in
environmental biology. With a book like this, there is no excuse for people to be afraid of maths, and
to be ignorant of what it can do. —Professor Tim Benton, Faculty of Biological Sciences, University
of Leeds, UK

a primer of ecological statistics: Mathematical Properties of Population-Genetic Statistics
Noah A. Rosenberg, 2025-05-20 A powerful new approach to interpreting population-genetic data in
evolution and ecology Population genetics uses statistical analysis to catalog genetic variation
among populations and species. Summary statistics computed from allele
frequencies—mathematical functions that measure features of genetic similarity and diversity—are
key to this global effort. Yet despite their widespread use in evolutionary biology, ecology, and
conservation biology, their mathematical properties have largely been overlooked. This book shows
how to use the mathematical bounds on summary statistics to make better interpretations of
population-genetic data. Noah Rosenberg discusses how the behavior of these statistics depends not



only on the biology of the populations they seek to describe but also on the mathematical properties
of the functions used to compute them, properties that produce constraints on the values of the
statistics and influence their interpretation. Focusing on the concept of homozygosity—a quadratic
function of allele frequencies in a population—he demonstrates how to account for mathematical
constraints when measuring genetic similarity and diversity. Rosenberg illustrates the results using
examples from empirical data and shares strategies that readers can use to apply this mathematical
perspective to different kinds of summary statistics, including those for measuring biodiversity in
ecological communities. Drawing inspiration from Charles Darwin, who marveled at evolution’s
“endless forms most beautiful and most wonderful,” this book presents a groundbreaking approach
to the study of genetic variation. It is sure to stimulate new research in population biology and
deeper thinking about the meaning and interpretation of essential measurements of the world’s
genomes.

a primer of ecological statistics: Tracking Environmental Change Using Lake Sediments H.
John B. Birks, André F. Lotter, Steve Juggins, John P. Smol, 2012-04-06 Numerical and statistical
methods have rapidly become part of a palaeolimnologist’s tool-kit. They are used to explore and
summarise complex data, reconstruct past environmental variables from fossil assemblages, and test
competing hypotheses about the causes of observed changes in lake biota through history. This book
brings together a wide array of numerical and statistical techniques currently available for use in
palaeolimnology and other branches of palaeoecology. Visit http://extras.springer.com the
Springer's Extras website to view data-sets, figures, software, and R scripts used or mentioned in
this book.

a primer of ecological statistics: Practical R for Biologists Donald L.J. Quicke, Buntika A.
Butcher, Rachel A. Kruft Welton, 2020-12-21 R is a freely available, open-source statistical
programming environment which provides powerful statistical analysis tools and graphics outputs. R
is now used by a very wide range of people; biologists (the primary audience of this book), but also
all other scientists and engineers, economists, market researchers and medical professionals. R
users with expertise are constantly adding new associated packages, and the range already available
is immense. This text works through a set of studies that collectively represent almost all the R
operations that biology students need in order to analyse their own data. The material is designed to
serve students from first year undergraduates through to those beginning post graduate levels.
Chapters are organized around topics such as graphing, classical statistical tests, statistical
modelling, mapping, and text parsing. Examples are based on real scientific studies, and each one
covers the use of more R functions than those simply necessary to get a p-value or plot.

a primer of ecological statistics: Math and Bio 2010 Lynn Arthur Steen, 2005 Math and bio
2010 grew out of 'Meeting the Challenges: Education across the Biological, Mathematical and
Computer Sciences,' a joint project of the Mathematical Association of America (MAA), the National
Science Foundation Division of Undergraduate Education (NSF DUE), the National Institute of
General Medical Sciences (NIGMS), the American Association for the Advancement of Science
(AAAS), and the American Society for Microbiology (ASM).--Foreword, p. vi

a primer of ecological statistics: Statistics by Simulation Carsten F. Dormann, Aaron M.
Ellison, 2025-06-03 An accessible guide to understanding statistics using simulations, with examples
from a range of scientific disciplines Real-world challenges such as small sample sizes, skewed
distributions of data, biased sampling designs, and more predictors than data points are pushing the
limits of classical statistical analysis. This textbook provides a new tool for the statistical toolkit: data
simulations. It shows that using simulation and data-generating models is an excellent way to
validate statistical reasoning and to augment study design and statistical analysis with planning and
visualization. Although data simulations are not new to professional statisticians, Statistics by
Simulation makes the approach accessible to a broader audience, with examples from many fields. It
introduces the reasoning behind data simulation and then shows how to apply it in planning
experiments or observational studies, developing analytical workflows, deploying model diagnostics,
and developing new indices and statistical methods. ¢ Covers all steps of statistical practice, from



planning projects to post-hoc analysis and model checking * Provides examples from disciplines

including sociology, psychology, ecology, economics, physics, and medicine ¢ Includes R code for all
examples, with data and code freely available online ¢ Offers bullet-point outlines and summaries of
each chapter « Minimizes the use of jargon and requires only basic statistical background and skills

a primer of ecological statistics: Biological Sampling in the Deep Sea Malcolm R. Clark,
Mireille Consalvey, Ashley A. Rowden, 2016-04-18 The deep sea covers over 60% of the surface of
the earth, yet less than 1% has been scientifically investigated. There is growing pressure on
deep-sea resources and on researchers to deliver information on biodiversity and the effects of
human impacts on deep-sea ecosystems. Although scientific knowledge has increased rapidly in
recent decades, there exist large gaps in global sampling coverage of the deep sea, and major efforts
continue to be directed into offshore research. Biological Sampling in the Deep Sea represents the
first comprehensive compilation of deep-sea sampling methodologies for a range of habitats. It
reviews the real life applications of current, and in some instances developing, deep-sea sampling
tools and techniques. In creating this book the authors have been able to draw upon the experiences
of those at the coal face of deep-sea sampling, expanding on the existing methodological texts whilst
encompassing a level of technical detail often omitted from journal publications. Ultimately the book
will promote international consistency in sampling approaches and data collection, advance the
integration of information into global databases, and facilitate improved data analyses and
consequently uptake of science results for the management and conservation of the deep-sea
environment. The book will appeal to a range of readers, including students, early-career through to
seasoned researchers, as well as environmental managers and policy makers wishing to understand
how the deep-sea is sampled, the challenges associated with deep survey work, and the type of
information that can be obtained.

a primer of ecological statistics: Statistical Ecology John A. Ludwig, James F. Reynolds, 1988
SUMMARY: An introduction to current statistical topics in community ecology. Presents topics of
historical importance (polar ordination); popular topics (diversity indices, including their misuse);
powerful statistical tools for analysing ecological patterns (multidimensional scaling). Software
contains 21 programs for statistical analysis.

a primer of ecological statistics: Ecology of North American Freshwater Fishes Stephen T.
Ross, 2013-06-01 The North American freshwater fish fauna is the most diverse and thoroughly
researched temperate fish fauna in the world. Ecology of North American Freshwater Fishes is the
only textbook to provide advanced undergraduate and graduate students and researchers with an
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