mullerian mimicry

mullerian mimicry is a fascinating evolutionary phenomenon where two or more harmful
or unpalatable species evolve to resemble each other, thereby reinforcing predator
avoidance behavior. This biological strategy plays a crucial role in the survival and
ecological interaction of various species, particularly in insects like butterflies, bees, and
wasps. Unlike Batesian mimicry, where a harmless species imitates a harmful one,
Mullerian mimicry involves mutual resemblance among genuinely noxious species,
creating a shared protective advantage. This article explores the origins, mechanisms,
examples, and ecological significance of Mullerian mimicry, along with its impact on
evolutionary biology and predator-prey dynamics. Understanding this concept not only
sheds light on natural selection but also enhances knowledge of biodiversity and species
adaptation. The following sections provide a detailed overview of Mullerian mimicry, its
distinguishing features, biological examples, and its role in ecosystems.

Definition and Origin of Mullerian Mimicry

Mechanisms Behind Mullerian Mimicry

Examples of Mullerian Mimicry in Nature

Ecological and Evolutionary Significance

Differences Between Mullerian and Batesian Mimicry

Definition and Origin of Mullerian Mimicry

Mullerian mimicry is an evolutionary strategy where two or more harmful species evolve
to share similar warning signals, such as coloration, patterns, or behaviors, to mutually
benefit from predator avoidance. The concept was first proposed by the German naturalist
Fritz Miller in 1878, who observed that certain butterfly species in the Amazon exhibit
similar warning colors and patterns. He theorized that this resemblance reduces the
likelihood of predators attacking these species repeatedly, as the predators learn to
associate the shared warning signals with unpleasant experiences. This type of mimicry is
a classic example of mutualism in evolutionary biology, where the involved species derive
a protective advantage by converging on a common appearance.

Historical Context

The term "Mullerian mimicry" honors Fritz Miller’s pioneering work in evolutionary
biology. His observations contrasted with previous understandings of mimicry, particularly
Batesian mimicry, by emphasizing the mutual benefit among genuinely harmful species
rather than a one-sided deception. His theory has since been supported by numerous
empirical studies demonstrating how species co-evolve to improve survival rates by



reinforcing predator learning.

Mechanisms Behind Mullerian Mimicry

The mechanism of Mullerian mimicry relies on natural selection favoring species that
possess similar warning signals. Predators learn to avoid these signals after unpleasant
encounters, such as experiencing toxicity or a bad taste. When multiple harmful species
share the same warning signals, the learning process is accelerated, and the cost of
educating predators is distributed among them. This mutual resemblance reduces
individual predation risk and increases the overall effectiveness of the warning signals.

Evolutionary Processes Involved
Several evolutionary processes contribute to the development of Mullerian mimicry:

e Convergent Evolution: Different species independently evolve similar traits due to
similar selective pressures.

e Frequency-dependent Selection: The fitness of a phenotype depends on its
frequency relative to other phenotypes in the population.

¢ Genetic Variation: Genetic mutations that enhance resemblance to other harmful
species are favored by natural selection.

Role of Predator Learning

Predators play a critical role in the maintenance of Mullerian mimicry. Their ability to
learn and remember warning signals influences the selective pressure on prey species.
Predators that quickly learn to avoid certain colorations or patterns reduce attacks on all
species sharing those signals, reinforcing the mimicry complex. This predator-prey
interaction is dynamic and can drive the refinement of mimicry patterns over time.

Examples of Mullerian Mimicry in Nature

Mullerian mimicry is commonly observed in various taxa, especially among insects. The
following are prominent examples that illustrate the diversity and effectiveness of this
evolutionary strategy.

Butterflies

Many butterfly species in the family Heliconiidae exhibit Mullerian mimicry. For instance,
the Heliconius butterflies of Central and South America display strikingly similar wing



patterns and colors that signal their toxicity to predators. These species benefit mutually
by reinforcing the predator’s learned avoidance of their shared warning coloration.

Bees and Wasps

Several species of bees and wasps share similar black-and-yellow coloration that serves as
a warning of their ability to sting. This resemblance reduces predation risk for all involved
species. For example, certain wasps and bees in the subfamily Apinae exhibit convergent
warning patterns, exemplifying Mullerian mimicry in Hymenoptera.

Other Insects and Animals

In addition to butterflies and Hymenoptera, Mullerian mimicry occurs in other insect
groups such as certain species of beetles and moths. Even some amphibians and snakes
have evolved similar warning colorations to signal toxicity or venom to potential predators,
showcasing the broad applicability of Mullerian mimicry across animal groups.

Ecological and Evolutionary Significance

The ecological significance of Mullerian mimicry extends beyond predator avoidance to
influence community dynamics, species interactions, and biodiversity. By sharing warning
signals, species reduce predation pressure, which can affect population sizes and
competitive relationships. Additionally, Mullerian mimicry contributes to the stability of
ecosystems by maintaining predator-prey balance.

Mutual Benefits Among Species

Mullerian mimicry is a form of mutualism where all participating species benefit from
reduced predation risk. This mutual benefit fosters co-evolution and promotes the
persistence of mimicry complexes in nature. The shared warning signals effectively
communicate danger to predators, enhancing survival for multiple species simultaneously.

Influence on Speciation and Diversity

The evolutionary pressure to mimic harmful species can drive speciation by selecting for
distinct mimicry patterns and adaptations. This process contributes to the diversity of
warning signals observed in nature and encourages the evolution of new species within
mimicry rings. Furthermore, Mullerian mimicry can lead to intricate ecological networks,
where multiple species are interconnected through shared adaptive traits.



Differences Between Mullerian and Batesian
Mimicry

While both Mullerian and Batesian mimicry involve resemblance between species, they
differ fundamentally in their biological interactions and evolutionary implications.

Mullerian Mimicry

In Mullerian mimicry, all participating species are genuinely harmful or unpalatable. Their
shared appearance benefits all by reinforcing predator avoidance learning, leading to a
mutualistic relationship. This form of mimicry is stable over evolutionary time because all
species invest in producing warning signals.

Batesian Mimicry

Batesian mimicry involves a harmless species mimicking a harmful one to gain protection
by deception. Unlike Mullerian mimicry, this relationship can be parasitic, as the mimic
benefits without providing any warning signal of its own toxicity. If mimics become too
common, predator learning may be undermined, reducing the effectiveness of the warning
signals.

Comparative Summary

e Nature of Species: Mullerian mimicry involves harmful species; Batesian involves
harmful and harmless species.

¢ Evolutionary Relationship: Mullerian is mutualistic; Batesian is often parasitic.

o Effect on Predators: Mullerian enhances predator learning; Batesian can confuse
predators if mimics are too frequent.

Frequently Asked Questions

What is Mullerian mimicry?

Mullerian mimicry is a natural phenomenon where two or more harmful or unpalatable
species evolve to resemble each other, thereby reinforcing predator avoidance and
increasing their survival chances.



Who discovered Mullerian mimicry?

Mullerian mimicry was first described by the German naturalist Fritz Miller in 1879.

How does Mullerian mimicry differ from Batesian
mimicry?
In Mullerian mimicry, all species involved are genuinely harmful or unpalatable, whereas

in Batesian mimicry, a harmless species mimics a harmful one to gain protection from
predators.

What are some common examples of Mullerian
mimicry?
Examples include various species of stinging wasps and bees that share similar warning

coloration, and Heliconius butterflies in Central and South America that have converged
on similar wing patterns.

Why is Mullerian mimicry considered beneficial for all
species involved?

Because it reinforces predator learning about the danger of their shared warning signals,
reducing the likelihood of attacks and thereby benefiting all species that share the
mimicry pattern.

Can Mullerian mimicry occur between species from
different taxonomic groups?

Yes, Mullerian mimicry can occur between species from different taxonomic groups as
long as they share similar warning signals and are unpalatable or harmful to predators.

How does Mullerian mimicry influence evolutionary
processes?

Mullerian mimicry promotes convergent evolution, where unrelated species independently
evolve similar traits to achieve the mutual benefit of predator deterrence.

What role do predators play in Mullerian mimicry?

Predators drive Mullerian mimicry by learning to avoid prey with certain warning signals,
which encourages prey species to converge on those signals to reduce predation risk.

Is Mullerian mimicry found only in insects?

No, while commonly studied in insects like butterflies and bees, Mullerian mimicry can
also be found in other animals such as amphibians and snakes that share similar warning
coloration and toxicity.



Additional Resources

1. Patterns of Deception: The Science of Millerian Mimicry

This book delves into the fascinating world of Millerian mimicry, exploring how different
species evolve similar warning signals to enhance their collective survival. It covers
foundational theories and presents case studies across butterflies, amphibians, and
insects. Readers will gain insight into the evolutionary advantages of shared aposematic
coloration and the genetic mechanisms behind it.

2. Evolutionary Strategies: Mullerian Mimicry in Nature

A comprehensive overview of evolutionary biology with a focus on Mullerian mimicry, this
book examines the adaptive significance of mimicry rings and their ecological interactions.
It highlights research from field studies and laboratory experiments, illustrating how
mimicry influences predator-prey dynamics. The book also discusses the role of natural
selection in shaping mimicry patterns.

3. Insect Mimics: Mullerian Mimicry and Survival

Focusing on insects, this title investigates the diverse examples of Miullerian mimicry
among butterflies, bees, and wasps. It presents detailed morphological and behavioral
descriptions that contribute to mimicry success. The book also addresses the evolutionary
pressures that maintain mimicry complexes and the importance of mimicry in species
conservation.

4. The Colorful Alliance: Miillerian Mimicry in Butterflies

Centered on butterflies, this book explores the intricate mimicry rings that have evolved
as a defense mechanism against predators. It includes vivid illustrations and photographs
that showcase the diversity of warning colorations. The narrative explains how Mullerian
mimicry benefits multiple toxic species by reinforcing predator learning.

5. Signals in the Wild: Understanding Mtllerian Mimicry

This work introduces readers to the signaling theory behind Miillerian mimicry,
elucidating how shared warning signals reduce predation risk. It integrates behavioral
ecology and evolutionary genetics to explain mimicry evolution. The book also discusses
the challenges in studying mimicry in natural populations.

6. Mimicry and Evolution: The Mtllerian Connection

An academic text that explores the evolutionary pathways leading to Mullerian mimicry,
this book provides a deep dive into genetic, ecological, and phylogenetic perspectives. It
covers the historical development of mimicry concepts and modern molecular techniques
used to study them. The book is ideal for students and researchers interested in
evolutionary biology.

7. Warning Colors: The Role of Miillerian Mimicry in Animal Defense

This book discusses the biological significance of warning coloration and how Millerian
mimicry enhances the effectiveness of these signals. It includes examples from various
taxa beyond insects, such as amphibians and reptiles. The author also examines how
environmental changes impact mimicry systems.

8. Miillerian Mimicry and Predator Learning
Focusing on the interaction between mimics and their predators, this book analyzes how
predator cognition and learning shape the evolution of Millerian mimicry. It presents



experimental data and theoretical models explaining how predators generalize warning
signals. The book offers a multidisciplinary approach combining psychology, ecology, and
evolution.

9. The Ecology of Mimicry: Miillerian and Batesian Systems

This title compares and contrasts Millerian and Batesian mimicry within ecological
contexts, highlighting their similarities and differences. It explores how community
structure and species diversity influence mimicry dynamics. The book also addresses
conservation implications and the impact of habitat fragmentation on mimicry complexes.
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mullerian mimicry: Forest Entomology Robert N. Coulson, John A. Witter, 1984-05-14 This
text considers forest insects occurring in forest ecosystems, specialized forestry settings, and urban
forests, with an approach and coverage that make it suitable for use in both undergraduate and
graduate courses in forest entomology and forest protection. Early chapters introduce entomology,
middle chapters provide the first comprehensive treatment of the principles of Integrated Pest
Management (IPM) of forest insects, and later chapters discuss the pest insects according to their
feeding group.

mullerian mimicry: Antipredator Defenses in Birds and Mammals Timothy M. Caro, 2005-09
Tim Caro explores the many & varied ways in which prey species have evolved defensive
characteristics and behaviour to confuse, outperform or outwit their predators, from the camoflaged
coat of the giraffe to the extraordinary way in which South American sealions ward off the attacks of
killer whales.

mullerian mimicry: Insect Defenses David L. Evans, Justin O. Schmidt, 1990-01-01 This work
takes a fresh, modern approach to investigate and explain the predator and prey relationships of
insects and spiders, the major terrestrial fauna on earth. Devoted to broad and in-depth analysis of
arthropod defenses against predators, the book's approach is both experimentally and theoretically
based with major emphasis on evolution, predator strategies and tactics, and prey defensive
adaptations and behaviors. The authors explain such topics as cryptic and aposematic coloration, the
conflict between sexual and survival needs, web spider prey choice and evolution of prey counter
defenses, predator-prey interactions and the origins of intelligence, bird predatory tactics, and
caterpillar defense strategies. Also examined is the use of timing for fitness and survival,
evolutionary gamesmanship in the predatory bat-moth relationship, colony defense by aper wasps,
startle as a defense by moths, aggregation as a defense, chemicals as defenses, plant chemicals as
defenses, and venoms as defenses. The authors illustrate each topic with numerous specific
well-documented examples presented in a clear, readable style.

mullerian mimicry: TEXTBOOK OF ANIMAL BEHAVIOUR, THIRD EDITION MANDAL, FATIK
BARAN, 2015-09-18 This well-accepted book, now in its Third Edition, is an extension of the previous
edition. The text has further enriched with more information to understand animal behaviour
coherently and scientifically. The book attempts to provide a reasonably suitable account of animal
behaviour for undergraduate as well as postgraduate students. Although behaviour of animals has
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fascinated people for a long, behavioural biology has been incorporated in the syllabi very recently.
The study of behaviour received its important boost from the work of Charles Darwin who used the
term ‘instinct’, to refer to the natural behaviour of animals. In the 1930s, a comprehensive theory of
animal behaviour emerged through the work of Konrad Lorenz and, later of Niko Tinbergen.
Biological study of behaviour, in fact came of age as a science when Lorenz, Tinbergen and Karl von
Frisch received the Nobel Prize for their contribution to science. Observing and describing exactly
what animals do is fascinating and scientific analysis of their behaviour is significant for several
reasons. Each species tends to have an array of stereotyped behaviours, some of which are shared
with related species, but others are unique. Ecology, natural selection, macroevolution,
microevolution, and gene constitute the foundation of animal behaviour. Various animal groups
exhibit diverse strategies for their survival and reproduction which are discussed in this book. The
book is primarily intended for the students of B.Sc./M.Sc. (Zoology/Life Science) for their courses. It
would be useful for the researchers in the field of animal behaviour, and conservation biologists. It
would also attract students who are pursuing courses in Sociology and Anthropology. Key features °
Presents a well-balanced view of ethology. ¢ Discusses the current development in the field. °
Includes a glossary of important terms. ¢ Offers chapter-end questions to check the students’
understanding of the concept.

mullerian mimicry: TEXTBOOK OF ANIMAL BEHAVIOUR, FOURTH EDITION MANDAL,
FATIK BARAN, 2025-02-01 This well-accepted book, now in its Fourth Edition, is a need-based
extension of the previous book. The text is further enriched with more information to understand
animal behaviour coherently and scientifically. In the new edition, the book introduces its readers
with the recent topics, such as eusociality, social learning, imitation, ritualization, mating, sexual
cannibalism, gravireception, and magnetoreception. The book attempts to provide a reasonably
suitable account of animal behaviour for undergraduate and postgraduate students. Although the
behaviour of animals has fascinated people for a long time, behavioural biology has been introduced
into syllabi very recently. The study of behaviour received its important boost from the work of
Charles Darwin who used the term 'instinct’, to refer to the natural behaviour of animals. In the
1930s, a comprehensive theory of animal behaviour emerged through the work of Konrad Lorenz
and, later by Niko Tinbergen. Biological study of behaviour, in fact, came of age as a science when
Lorenz, Tinbergen, and Karl von Frisch received the Nobel Prize for their contribution to science.
Observing and describing exactly what animals do is fascinating, and scientific analysis of their
behaviour is significant for several reasons. Each species tends to have an array of stereotyped
behaviours, some of which are shared with related species, but others are unique. Ecology, natural
selection, macroevolution, microevolution, and genes constitute the foundation of animal behaviour.
Various animal groups exhibit diverse strategies for survival and reproduction which are discussed
in this book. KEY FEATURES e Presents a well-balanced view of ethology. ¢ Discusses current
developments, challenges, and prospects in the field. * Includes a glossary of important terms.
Offers chapter-end questions to check students' understanding of the concept. TARGET AUDIENCE
* B.Sc. (Biology) * M.Sc. (Zoology/Life Sciences) ¢ Sociology and Anthropology

mullerian mimicry: Evolutionary Biology 8/e Singh,

mullerian mimicry: TEXTBOOK OF ANIMAL BEHAVIOUR FATIK BARAN MANDAL,
2012-01-17 This well-accepted book, now stands in its second edition, is a time-honoured revision
and extension of the previous edition. Beginning with an introduction to the study of animal
behaviour, the book explains the various aspects of behavioural biology incorporating a wealth of
information from molecular biology, neurobiology, and socio-biology with a new approach. It
describes different kinds of innate and learned behaviours, animal communications, defensive
behaviours such as camouflage and mimicry with suitable illustrations. The book incorporates the
introductory concepts of biomimicry in an attractive manner. Further, it discusses biorhythms,
migration in fish and birds, in addition to evolution and physiological basis of migration. The text
also presents the important aspects of socio-biology and social behaviours, such as feeding,
adaptation, prey defence, territoriality, aggression, altruism, sexuality, and parental care. Finally, it



provides discussions on behavioural ecology in the context of conservation biology, and human
behaviour. The book presents the basic principles of animal behaviour with the aid of carefully
selected examples from both the recent and classic literature along with an emphasis on readability.
In the present edition, topics like eusociality and behavioural theories have been incorporated. This
edition also includes as many as 11 published articles by the author on different topics related to the
subject matter in box format to further strengthen the text. The book is primarily intended for the
students of B.Sc./M.Sc. (Zoology/Life Science) for their courses. It would be useful for the
researchers in the field of animal behaviour, and conservation biologists. It would also attract
readership studying Sociology and Anthropology. KEY FEATURES : Presents a well-balanced view of
ethology. Discusses the current development in the field. Includes a glossary of important terms.
Offers end-of-chapter questions to check the students' understanding of the concepts.

mullerian mimicry: The Encyclopaedia Britannica Hugh Chisholm, 1910

mullerian mimicry: The Record of Zoological Literature , 1911

mullerian mimicry: ,

mullerian mimicry: Biodiversity and Ecology of Lepidoptera - Insights and Advances
Farzana Khan Perveen, 2024-03-20 Biodiversity and Ecology of Lepidoptera - Insights and Advances
presents a comprehensive overview of the order of winged insects known as Lepidoptera. It is
organized into two sections and seven chapters. Section 1, Lepidoptera: Behavioural Diversity,
explores the myriad challenges faced by Lepidoptera globally. In the twenty-first century, the most
pressing issue confronting them is the decline in biodiversity, necessitating the essential restoration
of ecosystems. Concurrently, Lepidoptera exhibit mastery in camouflage and mimicry, enabling them
to evade detection by predators and parasites, providing a reproductive advantage. This section also
delves into gynandromorphy behavior, where individuals develop a mosaic of both male and female
traits, with the left and right halves of the body displaying different sexes. Additionally, it reviews
recent advances in non-coding RNAs, elucidating their role in regulating gene expression through
chromosomes and their significance in the overall developmental process of Lepidoptera. Section 2,
Moths: Bioecology and Genetics, commences with the mapping of flight paths for feeding,
reproduction, and pollination occurrence in hawkmoths in the family Sphingidae. The section then
reveals the features of invasion into various ecosystems by five invasive leafminer moth species of
the family Gracillariidae). Furthermore, it discusses the degree of genetic variability and
phylogenetic relationships among 13 breeds of the mulberry silkworm (Bombyx mori L.).

mullerian mimicry: Issues in Biological, Biochemical, and Evolutionary Sciences Research:
2012 Edition , 2013-01-10 Issues in Biological, Biochemical, and Evolutionary Sciences Research:
2012 Edition is a ScholarlyEditions™ eBook that delivers timely, authoritative, and comprehensive
information about Macromolecular Research. The editors have built Issues in Biological,
Biochemical, and Evolutionary Sciences Research: 2012 Edition on the vast information databases of
ScholarlyNews.™ You can expect the information about Macromolecular Research in this eBook to
be deeper than what you can access anywhere else, as well as consistently reliable, authoritative,
informed, and relevant. The content of Issues in Biological, Biochemical, and Evolutionary Sciences
Research: 2012 Edition has been produced by the world’s leading scientists, engineers, analysts,
research institutions, and companies. All of the content is from peer-reviewed sources, and all of it is
written, assembled, and edited by the editors at ScholarlyEditions™ and available exclusively from
us. You now have a source you can cite with authority, confidence, and credibility. More information
is available at http://www.ScholarlyEditions.com/.

mullerian mimicry: The butterflyfishes: success on the coral reef Philip J. Motta,
2012-12-06 Butterflyfishes of the family Chaetodontidae are conspicuous members of almost all
tropical reefs. These colorful fishes have attracted a great deal of attention from both the scientific
community and especially the aquarium fish industry. At first one is tempted to say that
butterflyfishes are abundant worldwide, but the evidence does not support this statement. The
biomass of chaetodontids on reefs may range from 0.02-0.80%, and in terms of numbers they
comprise only 0.04-0.61 % of the individuals on the reef. Yet in spite of these relatively small



numbers they have been extensively studied. A quick census shows some 170 articles on or about
butterfly fishes, with 78% of them being published since the 1970's. Along with the cichlids and
damselfishes they might be one of the most studied and well published family of tropical fishes. Why
then have chaetodontids attracted so much attention? The butterflyfishes are mostly shallow water
inhabitants that are approachable and easily recognizable, making their study very feasible. Their
bright coloration has provoked many hypotheses but has posed more questions about coloration than
it has provided answers. And despite their apparent overall morphological similarity, their highly
structured and varied social systems have made them an ideal model for such studies. The reasons
for choosing these organisms are indeed as diverse as the studies themselves.

mullerian mimicry: Butterflies in the Backyard Scott Shalaway, 2004-01-01 Part natural
history, part gardening guide, Butterflies in the Backyard contains solid information on butterfly
behavior and habitats, and also explains in careful detail how to attract these lovely creatures to
your backyard with plants and feeders. Includes up-to-date information on migration and
conservation efforts, as well as an identification guide for the most common North American species.

mullerian mimicry: Laboratory Course Entomology Mr. Rohit Manglik, 2023-05-23 Practical
studies on insect identification, dissection, mounting, and field collection techniques.

mullerian mimicry: A Complete Course in ISC Biology V. B. Rastogi, B. Kishore, 1997

mullerian mimicry: Evolution and Adaptation of Terrestrial Arthropods John L.
Cloudsley-Thompson, 2012-12-06 This book is intended as a textbook for 3rd year undergraduate
students, as well as postgraduate students. It comprises a review of the current opinion regarding
the evolution and adaptation of terrestrial arthropods, beginning with the paleontological,
embryological, morphological and physiological evidence. The implication of size is then considered
in relation to life on land. A discussion of insect phylogeny and the origin of flight is followed by an
account of evolutionary trends in reproduction. Further chapters cover adaptations to extreme
environments, dispersal and migration, defensive mechanisms and, finally, present arguments for
the success of the terrestrial arthropods in general.

mullerian mimicry: Nature Sir Norman Lockyer, 1907

mullerian mimicry: Biotic Interactions in Arid Lands John L. Cloudsley-Thompson, 2012-12-06
The exigencies of life in the desert environment have resulted in the se lection of a diversity of
adaptations, both morphological and physiologi cal, in the flora and fauna. At the same time, many
plants and most small animals are able not merely to exist but even to thrive under desert conditions
- mainly by avoiding thermal extremes and by the refine ment of pre-existing abilities to economise
in water. In the same way, the biotic interactions of the flora and fauna of the desert do not involve
many new principles. Nevertheless, conditions in arid regions frequently do invoke refinements of
the complex interrelations between predators and their prey, parasites and their hosts, as well as
between herbivores and the plants upon which they feed. In this book, I shall discuss not only such
interactions and their feedback effects, but also community processes and population dynamics in
the desert. The physical conditions of the desert that principally affect predators and their prey are
its openness and the paucity of cover. This is re stricted to scattered plants, occasional rocks, holes,
and crevices in the ground. Furthermore, nightfall does not confer relative invisibility, as it does in
many other ecobiomes, because of the clarity of the atmosphere. The bright starlight of the desert
renders nearby objects visible even to the human eye, while an incandescent moon bathes the empty
landscape with a flood of silver light. Consequently, adaptive coloration is func tional at all hours of
the day and night.

mullerian mimicry: Essentials of Ecology and Environmental Science S. V. S. Rana, 2009
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